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High mobility group protein 1 (HMGB1) is a highly conserved chromatin-
associated protein that is widely found in eukaryotic cells. Studies have shown
that HMGB1 plays an important role in the development and progression of
urological malignancies. As a classical damage-associated molecular pattern
(DAMP), HMGBL1 usually acts as a DNA chaperone in the nucleus. In response to
external stimuli, HMGBL1 is actively secreted by immune cells and can also be
passively released into the extracellular space from necrotic cells. By interacting
with various signaling pathways and receptors, HMGB1 can induce immune
system activation and participate in carcinogenesis, metastasis and
angiogenesis. This review systematically summarizes the role of recent
research progress of HMGB1 in carcinogenesis, progression, prognosis and
potential clinical applications of different urological malignancies, providing
reference for the diagnosis and treatment of urological malignancies.
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1 Introduction

High mobility group proteins (HMGs) are a class of highly conserved non-histone
chromatin proteins first described by Graham and Clive in 1973 (1).The HMG family
consists of HMGA, HMGN, and HMGB, of which HMGBI1 (also known as HMGI1 or
amphotericin) is the most abundantly expressed protein in the HMG family and is widely
expressed in mammalian cells. HMGBI can change its intracellular location depending on
the cell type, organization and external environment and performs a variety of roles. In the
nucleus, HMGBI acts as a DNA chaperone and serves as a crucial factor in various cellular
processes, including DNA replication and transcription, chromatin remodeling, V(D)J
recombination, DNA repair, and the preservation of genomic stability (2, 3). In the
cytoplasm, it binds to Beclin-1 protein to promote autophagy (4). When actively secreted
by immune cells or passively released from necrotic cells into the extracellular space,
HMGBI functions as a DAMP. It triggers the innate immune response through its
interaction with pattern-recognition receptors (PRRs), while simultaneously conveying

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1593157/full
https://www.frontiersin.org/articles/10.3389/fonc.2025.1593157/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2025.1593157&domain=pdf&date_stamp=2025-09-03
mailto:yangxiaorong2003@126.com
https://doi.org/10.3389/fonc.2025.1593157
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2025.1593157
https://www.frontiersin.org/journals/oncology

Li et al.

danger signals to peripheral tissues via its conventional receptor
pathways, RAGE (Receptor for End Products of Advanced
Glycosylation) and TLR4 (5).

2 Overview of HMGB1
2.1 Biological properties of HMGB1

2.1.1 Main structure of HMGB1

The HMGBI gene, situated on chromosome 13 at position q12,
comprises five exons interspersed with four introns. The HMGB1
protein is a highly conserved chromatin-associated protein with a
molecular weight of approximately 25 kD, consisting of 215 amino
acids. The protein consists of three major structural domains: two
DNA-binding HMG-box structural domains (A-box: 7 - 79aa, B-
box: 89 - 162aa) and an acidic C-terminal tail (186 - 215aa). In the
B-box structural domain, there are Toll-like receptor 4 (TLR4)
binding sites (89 - 108aa) and receptor for advanced glycosylation
end products (RAGE) binding sites (150 - 183aa) (6, 7).The B-box
interacts with TLR4 and RAGE through these binding sites, thereby
inducing the release of inflammatory factors and promoting
HMGBI pro-inflammatory activity enhancement (8). In contrast,
the A-box functions as a selective antagonist of the B-box (9),
effectively suppressing its proinflammatory activity, while the C-
terminal tail is able to bind the A-box and enhance its anti-
inflammatory activity (10). The domain organization and receptor
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interactions of HMGBI are schematically summarized in Figure 1.
HMGBI is highly conserved during evolution, but its specific
function is influenced by factors such as chemical modification,
subcellular localization, redox state, and receptor, and thus it
exhibits a wide range of different biological functions. Some of
these functions are similar to specific biological features proposed
by Hanahan and Weinberg and are related to their proposed cancer
marker signature (11).

2.1.2 Mechanisms of HMGBI1 release

In addition to its role in the nucleus, when HMGBI is released
outside the cell, it acts as a DAMP that regulates a variety of cellular
life processes, such as cell differentiation, inflammatory response, and
cell migration, through different receptors or direct uptake, etc. (12)
HMGBI can be released outside the cell by two main mechanisms:
active secretion and passive release. When immune cells, fibroblasts or
epithelial cells are exposed to external stimuli (e.g., LPS, CpG-DNA,
TNEF-0, NO, IFN-0, etc.), HMGBI can be actively secreted through
ROS, calcium ions, or NO signaling pathway; in addition, under the
induction of cell death (e.g., necrosis, apoptosis, autophagy) or injury
by chemotherapy, radiotherapy, hypoxia, etc., HMGBI can be released
through PARPI, RIP3 and cysteine. RIP3 and cysteoaspartase-
dependent mechanisms.

2.1.3 HMGB1 gene and regulation
The tissue harboring the HMGBI1 gene, which has remained
highly conserved throughout human evolution, comprises two
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FIGURE 1

Schematic structure of HMGBL1 protein and its receptor interactions. HMGB1 contains two DNA-binding domains (A-box and B-box) and an acidic
C-terminal tail. The B-box domain mediates pro-inflammatory signaling via TLR4 and RAGE receptors, while the A-box and C-terminal tail possess
anti-inflammatory properties. HMGB1 functions vary depending on redox status, localization, and post-translational modifications.
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HMG boxes (box A and box B) and an acidic C-terminal tail.
Notably, box A and box B seem to be integrated with distinct genes,
each encoding one of the boxes (13). Conversely, the human
genome possesses functional HMGB1 genes (14), alongside
several HMGBI1 pseudogene sequences that lack introns (15).

In the human genome, the HMGBI gene is regulated by a
robust TATA-less promoter. Upstream of this promoter lies a
silencer element capable of repressing HMGBI activity, whereas
the intronic regions of the HMGBI1 gene harbor enhancers that can
augment promoter activity (16). The transcriptional regulation of
HMGBI is further modulated by the P53 family, which acts to
repress its activity, potentially through interactions with the
CCAAT-binding transcription factor 2 (CTF2) (17). Additionally,
HMGBI facilitates the binding of P53 to linear DNA, thereby
enhancing P53 activity during transcription (18). Within the
nuclei of eukaryotic cells, HMGBI1 is ubiquitously present as a
DNA chaperone and participates in various critical DNA regulatory
processes. It modulates gene expression by associating with histones
and DNA, maintaining nucleosome stability, and promoting
nucleosome sliding to expose DNA at transcriptional sites (19).
In its role as a DNA chaperone, HMGBI interacts with linear DNA,
inducing a specific helical conformation that modulates the DNA’s
sensitivity to various cytokines involved in processes such as DNA
replication, transcription, repair, chromatin remodeling, and V(D)]
recombination in both T and B cells (3, 19). HMGBI enhances the
looped configuration of DNA by increasing its flexibility, thereby
facilitating the recruitment of additional transcription factors and
promoting their interactions with transcription factors bound to
distant regulatory sequences (20). Upon binding to DNA, HMGBI
undergoes various post-translational modifications, including
phosphorylation, acetylation, and oxidation (21). As a DNA
chaperone, HMGBI is crucial in DNA repair and the response to
DNA damage. Its deletion often results in increased DNA damage,
heightening the cellular response to chemotherapy and
radiotherapy. In the context of non-homologous end-joining
(NHE]) repair, HMGBI is involved in the repair process
mediated by DNA break ends associated with DNA-PKcs (22, 23).

2.2 Receptors and signaling pathways of
HMGBL1

When HMGBI is released extracellularly, it binds to a variety of
receptors to induce the DAMP response. The classical receptors for
HMGBI include Receptor for Advanced Glycation Endproducts
(RAGE), TLRs (TLR2, TLR4, TLR9), CD24, CXCR4, and T-cell
immunoglobulin mucin 3 (TIM - 3), among others, CD24, CXCR4,
and T cell immunoglobulin mucin 3 (TIM - 3) (24). The complex
signaling networks activated by extracellular HMGBI in the tumor
microenvironment are illustrated in Figure 2.

2.2.1 RAGE

RAGE is an immunoglobulin with a molecular weight of
approximately 45 kDa that is highly expressed during embryonic
development, but its expression in a variety of tissues gradually
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declines in adulthood (25).RAGE is the first receptor shown to bind
HMGBI (26), and the HMGB1-RAGE axis plays different roles in
cell death, cell adhesion, cell proliferation, and differentiation, and
interacts with other HMGBI receptors such as TLRs and NF-xB.
Studies have shown that activation of RAGE has an important role
in cancer development. By inhibiting p44, p42, and p38 and
activating SAP and JNK MAP kinases, RAGE promotes tumor
cell proliferation, invasion, and enhances matrix metalloproteinase
expression (27). In addition, RAGE can be activated by HMGB1
released from necrotic tumor cells, which induces autophagy and
inhibits apoptosis, thus enhancing cell resistance (28). In pancreatic
cancer, RAGE can be activated by members of the S100 protein
family to induce pancreatic cancer cell proliferation and invasion
(29). Currently, The mechanistic intricacies underlying the
HMGBI1-RAGE signaling pathway in oncogenesis remain
incompletely elucidated, but the mechanism by which HMGBI
directly activates RAGE and plays a promotional role in a variety of
cancers could be a potential research direction for cancer therapy.

2.2.2 TLRs

TLRs are pattern recognition receptors (PRRs) first identified in
Drosophila and innate immunity relies heavily on these elements as
its fundamental constituents (30).TIRS are classified into TLR2,
TLR4, and TLRHMGBI can bind to TLR2 and participate in
aseptic inflammatory responses (11). In addition, the interaction
between HMGB1 and TLR2 plays a key role in the pathologic
process of several diseases. For example, in rheumatoid arthritis,
HMGBI exacerbates the inflammatory response by upregulating
the expression of TLR2 and IL - 23 in CD14+ monocytes and
promoting the differentiation of Th17 cells (31). This mechanism
highlights the pivotal role of the HMGBI-TLR?2 axis in controlling
immune responses and inflammatory processes. Thus, HMGBI
participates in and regulates aseptic inflammatory responses by
binding to TLR2, a mechanism that has been demonstrated in a
variety of inflammatory diseases and provides a potential target for
the treatment of related disorders. TLRs recognize a variety of
danger signals, These molecular signals, including pathogen-
associated molecular patterns (PAMPs) and damage-associated
molecular patterns (DAMPs), trigger the body’s innate immune
defenses to combat potential threats (32). TLRs primarily exert their
functions via two distinct signaling pathways: the MyD88-
dependent and MyD88-independent routes. The former is crucial
for the generation of inflammatory factors, whereas the latter
significantly contributes to the maturation processes of type I
interferon modulators and dendritic cells. HMGBI can act as a
ligand for TLRs, and upon binding to it, it activates the NF-kB
signaling pathway to induce the production of cytokines and
chemokines, and the production of cytokines and chemokines.
and chemokine production, thereby triggering inflammatory and
immune responses (33). The release of HMGBI from necrotic
keratinocytes triggers a TLR4-dependent inflammatory response
and promotes the development of skin cancer (34). In cases of
localized breast cancer metastasis, the levels of TLR4 and MyD88
signaling components were markedly elevated compared to both
normal tissue and benign breast tumor samples (35).which may be
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FIGURE 2

Analytical overview of HMGB1-mediated signaling pathways in the tumor microenvironment. HMGBL is actively secreted by immune cells or passively
released from damaged or necrotic cells. It binds to pattern recognition receptors such as TLR2/4 and RAGE, triggering downstream signaling cascades
including MyD88-IRAK and Ras/ERK/PPAR-y pathways. These interactions lead to NF-kB activation, pro-inflammatory cytokine production, and
VEGF-mediated angiogenesis, collectively promoting tumor progression, immune evasion, and therapy resistance. .
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associated with the activation of the TLR4-mediated paracrine
signaling pathway, which in turn promotes tumor progression. In
melanoma, increased expression of the TLR4 agonist HMGBI1
enhances the proliferation of tumor cells, but its correlation with
patient survival and melanoma progression is low. HMGB1 binds to
TLRY and enhances its recognition of CpG-DNA, which promotes
immune responses (36). This binding not only helps to recognize
exogenous pathogen DNA, but may also have an impact on
autoimmune diseases. In autoimmune diseases such as systemic
lupus erythematosus (SLE), the level of HMGBI is significantly
elevated and is closely associated with the pathological process of
the disease. It has been found that HMGB1 This mechanism
potentiates TLR9-mediated immune activation through
facilitating DNA accumulation within endosomes, consequently
intensifying the inflammatory cascade (37, 38). This mechanism
suggests that HMGB1 may be a potential target in the treatment of
diseases such as SLE. In addition, the interaction of HMGBI1 with
TLR9 may also affect the function of other immune cells. For
example, it has been shown that HMGBI is able to regulate
dendritic cell maturation and antigen-presenting functions
through binding to TLRY, thereby affecting adaptive immune
responses (25). This mechanism is also important in cancer
immunotherapy as it may enhance therapeutic efficacy by
augmenting anti-tumor immune responses. Thus, HMGBI1
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significantly enhances the recognition and response of the
immune system to CpG-DNA by binding to TLRY. This
mechanism serves a vital function in both infectious and
autoimmune diseases, while simultaneously presenting fresh
perspectives and potential treatment avenues for malignancies
and other conditions through immunotherapy.

2.2.3 TIM3

TIM3, a member of the T cell immunoglobulin and mucin
domain (TIM) family, was initially identified on the surface of
interferon gamma (IFNYy)-producing T helper type 1 (Th1) cells and
is involved in macrophage activation and the regulation of
autoimmune diseases (39). Follow-up studies have revealed that
TIM - 3 is also present on the surface of Th17 cells, Macrophages
and dendritic cells are crucial for modulating innate immune
responses and maintaining inflammatory homeostasis within the
organism (40, 41). In addition, TIM - 3 is active in innate immunity
and in a variety of cancers. In hepatocellular carcinoma, TIM - 3
induces the activation of tumor-associated macrophages (TAMs) in
the tumor microenvironment and promotes the conversion of M1-
type macrophages to M2-type macrophages, which in turn
promotes cancer cell growth (42). In tumor immunotherapy,
inhibition of programmed cell death factor 1 (PD - 1) and its
ligand PD-L1 has shown significant clinical efficacy. Studies have
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shown that blockade of The PD - 1/PD-L1 signaling axis plays a
crucial role in reactivating T-cell-mediated immunity, thereby
potentiating the host’s defense mechanisms against malignant
cells. Dual blockade of TIM - 3 and PD - 1 significantly enhances
anti-tumor immune responses. Inhibition of TIM - 3 expression
enhances the anti-tumor effects of programmed cell death factor 1
(PD - 1) (43). HMGBI interacts with TIM - 3, triggering the release
of vascular endothelial growth factor (VEGF). This process
facilitates tumor angiogenesis, thereby enhancing the sustenance
and expansion of acute myeloid leukemia (AML) cells (11). In
addition, anti-TIM-3 monoclonal antibody treatment improved the
efficacy of chemotherapy in hormonal mice (44). The above studies
suggest that antitumor therapy combining HMGBI and TIM - 3 has
become a potential research direction for tumor immunotherapy.

3 Role of HMGBL1 in cancer

The functional duality of HMGBI is consistent with Hanahan’s
cancer hallmarks (45), demonstrating context-dependent oncogenic
or tumor-suppressive effects. As illustrated in Figure 3, the signaling
outcomes of HMGBI1 are determined by receptor interactions (such
as RAGE/TLRs promoting tumorigenesis versus TIM - 3/TLR9
facilitating immune activation), redox state, and subcellular
localization. These mechanisms are fundamental to HMGBI1’s

10.3389/fonc.2025.1593157

involvement in proliferation, metastasis, therapy resistance, and
immune modulation in various malignancies.

With further research on HMGB1, HMGB1 has been shown to
be associated with cancer hallmark features proposed by Hanahan
(45). These hallmark features include ten abilities such as
maintaining proliferative signaling, evading growth inhibition,
resisting cell death, acquiring unlimited proliferative capacity,
inducing angiogenesis, promoting tumor inflammation,
enhancing invasion and metastasis, altering cellular metabolism,
evading immune surveillance, and affecting genetic stability (11).
Previous research has established that HMGBI plays a pivotal role
in the initiation process, advancement, and therapeutic
management of numerous cancer types, including colorectal
cancer (46), pancreatic cancer (47), non-small cell lung carcinoma
(NSCLC) (48), melanoma (49), ovarian cancer (50), breast cancer
(51), and hepatocellular carcinoma (52). However, HMGBI1 does
not always promote cancer progression, and in some cases it
appears to exhibit conflicting effects. In some cases, HMGB1 does
promote cancer progression and invasion. For example, in
desmoplasia-resistant prostate cancer, HMGBI1 promotes tumor
progression by binding to TNFR1 and activating the NF-xB
signaling pathway (31), and furthermore, high expression of
HMGBI1 in rectal cancer is closely associated with cancer
progression and metastasis, and its down-regulation significantly
inhibits the proliferation of rectal cancer cells and induces their
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The schematic illustration elucidates the paradoxical dual role of High Mobility Group Box 1 (HMGB1) in cancer pathogenesis, emphasizing its

context-dependent oncogenic and tumor-suppressive functions. .
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apoptosis (53). However, it may also inhibit tumor progression
through different mechanisms. For example, its function is
influenced by the redox state: reduced HMGBI1 acts as a
chemokine, whereas HMGBI1 containing disulfide-bonded
structures possesses pro-inflammatory cytokine properties (54).
This redox state switch may play an inhibitory role in tumor
progression in some cases. Depending on its subcellular
localization and modification status, HMGB1 may act as either a
pro- or an oncogenic factor (55).

3.1 Role of HMGBL1 in tumorigenesis and
progression

HMGBI plays an important role in the development and
progression of many cancers. HMGBI, a non-histone nuclear
protein, can be translocated to the extracellular space through
passive release mechanisms under conditions of cellular stress,
injury, or death. The release of HMGBI has been suggested to be
a “danger signal” that can affect The capacity of malignant cells to
evade the body’s immune defenses (56). The release of HMGBI is
considered a “danger signal” that can affect the ability of cancer cells
to evade host immune surveillance (56). On the one hand, HMGB1
exerts pro-oncogenic effects by enhancing anti-apoptotic
mechanisms, inflammatory responses, immune escape and
aerobic glycolysis (57, 58). Meanwhile, it also participates in
tumorigenesis and progression through TLR4- and RAGE-
mediated inflammatory responses (34, 59), enhances the
expansion of diverse immune cell populations within the tumor
microenvironment (TME), and activates relevant cytokine signaling
pathways, thereby promoting tumor transformation, supporting
tumor growth, and facilitating tumor invasion and metastasis.
Under the stimulation of TME-induced hypoxia, inflammation,
and injury, intracellular HMGBL is further released to accelerate the
inflammatory response and increase the release of RAGE in TME,
The activation of the HMGB1/RAGE/NF-kB signaling cascade
triggers the upregulation and secretion of vascular endothelial
growth factor along with its receptor, consequently facilitating
tumor angiogenesis and metastatic progression (60).Taguchi and
David (11)found that the proliferative and metastatic abilities and
matrix metalloproteinase activity were decreased to different
degrees by inhibiting the expression of HMGB1/RAGE in
tumor tissues.

In acute myeloid leukemia, released HMGB1 promotes the
proliferation of AML cells by influencing TNF-o. production and
interleukin 1B (IL - 1B) secretion, which promotes the release of
stem cell factors (11). Hypoxia is one of the hallmarks of a variety of
solid tumors, and it promotes tumor invasion into surrounding
tissues and even distant metastasis by inducing the hypoxia-
inducible factor (HIF) family of transcription factors, This
pathway activates the expression of multiple growth factors,
including vascular endothelial growth factor (VEGEF), in addition
to angiopoietin 2 (Ang-2) and fibroblast growth factor (FGF) (60).
However, the exact mechanism of hypoxia’s effect on cancer
is unclear.
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Previous studies have shown that under hypoxic conditions in
hepatocellular carcinoma, HMGBI can be passively released and
induce caspase-1 activation through activation of TLR4 and RAGE
signaling pathways, thus promoting cancer cell invasion and
metastasis (61). In melanoma, hypoxia leads to cell necrosis and
release of HMGBI1, which interacts with RAGE to activate M2-type
macrophages to secrete interleukin-10 (IL - 10), thereby promoting
melanoma growth and metastasis (49). In non-small cell lung
cancer (NSCLC), HMGBI1 activates the PI3K/Akt and NF-kB
signaling pathways and induces matrix metalloproteinase-9
(MMP - 9) expression, which enhances the invasiveness and
migratory ability of NSCLC cells (48).

In summary, HMGBI activates multiple inflammatory factors in
TME by activating signaling pathways such as RAGE, TLR4, and PI3K,
thereby promoting tumor growth, facilitating cellular invasion and
metastatic spread, while concurrently contributing to therapeutic
resistance in cancer treatment. However, the interrelationships
between HMGBI and its different ligands remain unclear. Therefore,
A more profound comprehension of HMGB1’s function within the
TME can be achieved and tumor immunity will help us better develop
novel tumor immunotherapy strategies targeting HMGBI.

3.2 Anti-tumor effects of HMGB1

On the other hand, the anti-tumor properties of HMGBI are
primarily manifested through its capacity to augment the immune
system’s recognition and targeting efficiency against malignant cells.
The compound stimulates the immune system, particularly
dendritic cells (DCs) and T lymphocytes, by interacting with
Toll-like receptor (TLR) and receptor for advanced glycosylation
end-products (RAGE), thereby boosting the organism’s immune
defense against tumor growth (62).The role of HMGBLI in radiation
therapy has been widely noted, and radiation therapy not only
directly induces cell death, but also by releasing HMGB1 and other
“danger signals” to induce anti-tumor responses of the immune
system (63).The release of HMGBI helps immune cells to recognize
tumor cells, which enhances the therapeutic effect of radiotherapy.
In addition, HMGBI can exert anti-tumor effects by inducing
apoptosis and inhibiting proliferation of tumor cells. Some studies
have shown that HMGBI can inhibit tumor cell growth by
interacting with TLR4 and triggering the production of
immunosuppressive proteins (56). Finally, HMGBI can also
synergize with chemotherapeutic agents to exert antitumor effects
in some cases. HMGBI can enhance antitumor immune responses
by promoting the release of interferon and other cytokines when
combined with paclitaxel (64).

Also, HMGBI can activate or enhance anti-tumor immunity in a
variety of ways during cancer development and treatment. Within the
MCEF - 7 breast carcinoma cell line, HMGBI, which possesses the
LXCXE sequence, enhances the transcriptional capacity of cell cycle
protein A inhibition by interacting with the Rb gene, inducing cell
arrest and death in the Gl phase (65). When leukemia cells are
stimulated by cytotoxicity produced by chemotherapeutic drugs, they
release HMGBI from the cells to resist the damage. And after the
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addition of HMGBI-neutralizing antibody treatment, leukemia cells
have increased sensitivity to chemotherapy (66). In non-small cell lung
cancer, doxorubicin can enhance tumor immunity and improve the
effect of chemotherapy by enhancing the secretion of HMGBI and
CXCL11 (67). Decreased genetic stability is regarded as a major driver
during cancer development and progression.HMGBI, as a DNA
chaperone, plays an important role in the regulation of genetic
stability. Deficiency of HMGBI leads to decreased genomic stability,
nucleosome release, and telomere shortening, which induces
inflammatory responses and triggers innate immunity (68, 69). In
addition, damage repair mediated by HMGBI helps to restore
genomic stability (70). Therefore, how to maintain the immune-
stimulating, damage-repairing function of HMGBI in cancer
development is an important current challenge.

In summary, HMGBI exerts dual anti-tumor effects by both
directly suppressing tumor growth through cytotoxic mechanisms
and enhancing immune-mediated anti-tumor responses. Given its
multifaceted role, HMGBI has emerged as a promising therapeutic
target, offering new directions for the development of novel cancer
treatment strategies. To further illustrate the context-dependent
nature of HMGBI’s function, we have summarized its oncogenic
and tumor-suppressive roles across various cancer types with
representative examples (Table 1). This overview underscores the
complexity of HMGBI1-mediated signaling within the tumor
microenvironment and highlights the need for tailored
therapeutic approaches based on its distinct functional states.

3.3 Correlation between HMGB1 and
resistance to chemotherapy and
radiotherapy

HMGBIis a pivotal DAMP molecule, plays a critical role in
mediating resistance to chemotherapy and radiotherapy across

10.3389/fonc.2025.1593157

various tumor types. Increasing evidence indicates that HMGBI1
contributes to therapeutic resistance through multiple molecular
mechanisms, with its functional impact exhibiting notable tumor-
type specificity.

In the context of chemotherapy resistance, HMGBI1
predominantly exerts its effects by promoting autophagy. In
bladder and prostate cancers, treatment with chemotherapeutic
agents such as gemcitabine or paclitaxel induces the release of
HMGBI, which subsequently enhances autophagic activity via
direct interaction with Beclin-1. This activation of autophagy
mitigates drug-induced cytotoxicity and facilitates tumor cell
survival (75, 76). Moreover, HMGB1 can bind to RAGE and
TLR4 receptors, activating downstream signaling pathways such
as NF-xB and PI3K/Akt. This cascade promotes epithelial-
mesenchymal transition (EMT), enhances tumor invasiveness,
and further contributes to drug resistance (71, 77). In gastric
cancer, elevated HMGBI1 expression is strongly associated with
resistance to cisplatin, while pharmacological inhibition of HMGB1
signaling markedly enhances cisplatin efficacy (78).

Regarding radiotherapy resistance, HMGB1 exhibits a dual and
context-dependent role. On one hand, as a DAMP molecule,
extracellular HMGB1 can activate dendritic cells and T
lymphocytes, thereby stimulating antitumor immune responses
(79). On the other hand, HMGBI may attenuate radiotherapy
sensitivity by promoting DNA damage repair and facilitating
tumor cell recovery. For instance, in nasopharyngeal carcinoma,
HMGBI enhances the non-homologous end-joining (NHE]) DNA
repair pathway through interaction with Ku70, contributing to
resistance to both radiotherapy and cisplatin. Suppression of
HMGBI1 expression has been shown to reverse this resistance
phenotype (80). Similarly, in non-small cell lung cancer,
downregulation of HMGBI sensitizes tumor cells to radiation by
inhibiting the TLR4/NF-xB signaling axis (81). Additionally,
HMGBI1 promotes the formation of a tumor-supportive

TABLE 1 Oncogenic and tumor suppressor properties of HMGB1 with examples.

Property Cancer Type Mechanism/Pathway Effect/Example References
P tes EMT, liferation, tastasis;
Oncogenic Prostate cancer HMGBI1/RAGE, NF-kB, PI3K/AKT romotes K proera 10n. metastasis (71, 72)
contributes to ADT resistance
‘ Cyelin A upregulation, Facilitates cell. cyck? progression,
Oncogenic Bladder cancer . . proliferation, (73)
autophagy induction .
Chemoresistance
Enh i is, autophagy-mediated
Oncogenic Renal cell carcinoma HMGBI1/RAGE, VEGF induction fhances angwger'lems au' op ':'lgy mediate (74)
drug resistance, invasion
I MMP -9, i i >
Oncogenic NSCLC PI3K/AKT, NE-kB fiereases 7 Lvasiveness (48)
and migration
Activates M2 hages,
Oncogenic Melanoma HMGB1-RAGE under hypoxia civates fmacrop 'ages (49)
promotes metastasis
Tumor . . :
Breast cancer (MCF - 7) Rb interaction Induces cell cycle arrest and apoptosis (65)
Suppressor
T Multipl Enh tit i s
umor ‘ ultiple cancers Synergistic with paclitaxel, doxorubicin nhances antitumor m?mune response, (64, 67)
Suppressor (with chemotherapy) chemotherapeutic efficacy
T Maintai ic stability,
umor General (DNA repair) DNA chaperone activity amntains geflomlc Stabt lt}f (70)
Suppressor prevents mutation accumulation
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microenvironment by activating survival-related signaling
pathways and recruiting tumor-associated macrophages, further
compromising the effectiveness of radiotherapy.

In conclusion, HMGBI serves as a key regulatory hub in the
development of resistance to chemotherapy and radiotherapy.
Through the modulation of autophagy, enhancement of DNA
repair, immune evasion, and remodeling of the tumor
microenvironment, HMGB1 profoundly influences treatment
outcomes. A deeper understanding of HMGBI-mediated
resistance mechanisms may offer new avenues for overcoming
therapeutic resistance and improving clinical prognosis in
cancer patients.

4 Role of HMGBI1 in urologic
malignancies

HMGBI plays a key role in the occurrence, development, and
treatment resistance of malignant tumors of the urinary system
(including prostate cancer, bladder cancer, and renal cell
carcinoma). To systematically summarize its core mechanisms of
action, we have summarized the signaling pathway interactions,
molecular mechanisms, and clinical outcomes of HMGBI in
different urinary tumors (Table 2).

4.1 HMGB1 and prostate cancer

Prostate cancer is the second most common cancer worldwide
and the fifth leading cause of cancer deaths in men, with
approximately 1.4 million new cases and 370,000 deaths annually
(85). Androgen deprivation therapy (ADT) represents the
prevailing systemic therapeutic approach currently employed in
clinical practice. However, after 18 - 36 months of treatment, the
androgen receptor (AR) signaling pathway is reactivated in the
majority of patients, inevitably progressing to castration-resistant
prostate cancer (CRPC), which makes prostate cancer much more
aggressive and lethal (86). The key step in this progression is the
reactivation of the androgen receptor signaling pathway with a
progressive rise in serum prostate-specific antigen. HMGBI1, whose
expression is significantly increased in prostate cancer specimens,
has been reported to reactivate and interact with the AR signaling
pathway to promote CRPC development in a non-androgen-

10.3389/fonc.2025.1593157

dependent manner (82). Meanwhile, androgen deprivation
therapy (ADT) induces HMGBI secretion and promotes prostate
cancer metastasis in a paracrine form via HMGB1/RAGE (83). In
further studies, it was found that HMGBI induces epithelial
mesenchymal transition mainly by promoting overexpression of
various matrix metalloproteinases with RAGE/NF-kB, which leads
to prostate cancer metastasis (72). It can also activate the PI3K/AKT
signaling pathway, which promotes prostate cancer growth and
metastasis by regulating cell cycle proteins mediating epithelial
mesenchymal transition (71). The addition of glycyrrhizin can
inhibit this epithelial mesenchymal transition, suggesting that
glycyrrhizin may be useful for the treatment of metastatic
prostate cancer (87). In contrast, verbascoside inhibits HMGBI1
expression and downregulates TGF-B-related epithelial
mesenchymal transition to reduce prostate cancer proliferation
and invasion (88). Recent studies have found a correlation
between HMGBI and AR receptor activation. gankyrin can cause
prostate cancer progression by upregulating octamer-binding
protein (NONO) expression, reactivating AR receptors, inducing
HMGBI transcription, and then promoting tumor-associated
macrophage aggregation (89). HMGBI significantly contributes to
the advancement of prostate cancer while also is a huge hindrance
during prostate cancer treatment. In androgen-independent
prostate cancer, HMGBI is released after gemcitabine treatment
and promotes autophagy in interaction with Beclin-1, leading to
androgen-independent prostate cancer resistance (75).
Interestingly, the same large amount of HMGBI was released in
dead cells after treatment with doxorubicin, which mediated the
survival of chemoresistant tumor cells through TLR4/RAGE-sCLU
(90). And a variety of chemotherapeutic agents can lead to cell
death releasing HMGBI1 and inducing chemotherapeutic drug
resistance in this way. Thus, we can hypothesize that in any of
the cancers that have developed resistance, HMGB1 may synergize
with each other to promote chemotherapeutic drug resistance in
these two ways described above. When we administered
glycyrrhizin or other HMGBI-neutralizing antibodies to
desmoplasma-resistant prostate cancer cells that had developed
resistance to paclitaxel, and then treated the cells again with
paclitaxel, their sensitivity to paclitaxel was significantly restored
(76). As mentioned earlier, ADT induces HMGBI1 secretion, which
promotes prostate cancer progression. Whereas, during treatment,
enzalutamide induced elevated levels of HMGBI expression,
recruitment and activation of tumor-associated macrophages to

TABLE 2 The main signaling pathways and clinical implications of HMGBL1 in malignant tumors of the urinary system.

Tumor Interactors Mechanism of action Outcome References

AR Activate AR activity by promoting the nuclear translocation process of AR Progression (82)

Prostate cancer RAGE promotes prostate cancer metastasis in a paracrine form via HMGB1/RAGE Progression (83)

PI3K/AKT regulating cell cycle proteins mediating epithelial mesenchymal transition Metastasis (71)

. . . Proliferation and
Renal RAGE Inducing the expression of vascular endothelial growth factor R (11, 74)
. . BT . Invasion
cell carcinoma Dendritic cells inhibiting the role of immunotherapy . (84)
Progression

Bladder cancer Cell (fycle Accelerates the transition of the uroepithelial cancer cell cycle from G to Progression 73)

protein A S1 phase
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secrete interleukin 6 led to enzalutamide resistance (91). In a further
study, The single nucleotide polymorphisms of HMGBI were
identified to be correlated with adverse clinical outcomes in
prostate cancer, including higher D’Amico classification, higher
pathologic Gleason subgroups, and higher pathologic stage (92). In
a multivariate study that included 168 patients who underwent
radical prostatectomy for prostate cancer, HMGBI expression was
associated with pathological stage of prostate cancer, Gleason score,
and pathological stage, and could also be an independent prognostic
factor for biochemical recurrence-free survival after radical
prostatectomy (93). In summary, HMGBI1 exerts diverse
functions in the advancement, metastatic potential, and
therapeutic recalcitrance of prostate cancer, positioning it as a
promising candidate for both targeted therapy and prognostic
evaluation. Future studies could further explore the specific
mechanisms of HMGBI1 in prostate cancer to develop new
therapeutic strategies. In summary, HMGBI plays a multifaceted
role in prostate cancer progression, invasion and treatment
resistance, becoming a potential therapeutic target and prognostic
marker. Future studies can further explore the specific mechanisms
of HMGBI in prostate cancer to develop new therapeutic strategies.

4.2 HMGB1 and bladder cancer

HMGBI exhibits tumor-promoting effects in a wide range of
cancers, and its specific mechanisms are gradually being revealed in
bladder cancer. Bladder cancer is one of the top ten most common
cancers worldwide and places a heavy burden on patients and global
healthcare systems due to its highly heterogeneous nature and high
recurrence rate (94). Therefore, there is a need to introduce new
anticancer strategies with a view to positively impacting the
prognosis of patients. In an earlier study, YANG et al. noted that
the expression level of HMGB1 was significantly correlated with the
overall survival of bladder cancer patients and showed significant
differences in the stage and grading of bladder cancer (95). In
addition, HMGBI1 accelerates the transition of the uroepithelial
cancer cell cycle from G to S1 phase by promoting the expression of
cell cycle protein A, which promotes the growth of bladder cancer
(73). Research indicates that HMGB1 modulates key cellular
mechanisms, including programmed cell death and proliferation,
thereby influencing the proliferative capacity and metastatic
potential of bladder cancer cells (96). In addition, the expression
level of HMGBI is closely related to the pathological grading and
prognosis of bladder cancer, which makes it a potential diagnostic
and prognostic biomarker (97).

Usually, after surgery, we use bladder perfusion therapy with
drugs such as gemcitabine, mitomycin, and epirubicin to reduce the
recurrence rate of bladder cancer. However, as previously
mentioned multiple chemotherapeutic agents can lead to the
release of HMGBI, which leads to the development of drug
resistance, and this is no different in bladder cancer. HMGBI is
passively released in response to gemcitabine, which attenuates the
anticancer effect of gemcitabine by mediating an increase in
autophagy (73). For invasive bladder cancer, we currently usually
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use radical cystectomy, but this procedure significantly reduces the
quality of life of patients. Therefore, some patients choose a triple or
multiple combination treatment regimen of surgery, chemotherapy,
and radiotherapy (98).Shrivastava et al. suggested that lowering the
expression of HMGBI in bladder cancer could effectively inhibit
autophagy and histiocyte repair, and enhance the efficacy of
radiotherapy (99). Therefore, it is reasonable to infer that for
patients who cannot undergo or cannot tolerate radical
cystectomy, the choice of triple or multiple combination therapy
along with inhibition of HMGBI1 expression may be helpful for
patient survival. In addition, when facing patients with suspected
bladder cancer or postoperative bladder cancer, we often use
cystoscopy coupled with biopsy for screening and diagnosis, but
this is an invasive test and not all hospitals can carry out the
comparison of urinary HMGBI expression levels of patients with
bladder cancer, patients with urinary tract infections, and healthy
people, the expression of urinary HMGBI in patients with bladder
cancer is significantly higher than that of the two, and high-level
tumors were also significantly different from lower grades (100).
Thus, HMGBI serves as an effective early indicator for predicting
the prognosis of patients with bladder cancer, and at the same time,
inhibition of HMGB1 may enable bladder cancer patients to obtain
greater benefits from systemic therapy.

4.3 HMGBL1 and renal cell carcinoma

Renal cell carcinoma is the most common renal malignancy,
with a complex biology and high susceptibility to recurrence and
metastasis (101). Because renal cell carcinoma itself exhibits strong
drug resistance, radiotherapy, which is currently used routinely, has
little effect on patient survival. Therefore, an in-depth
understanding of the mechanisms of renal cell carcinoma
occurrence, progression, and treatment has led to the proposal
that targeting HMGBI1 has significant benefits for patients with
renal cell carcinoma. In renal cell carcinoma, overexpression of
HMGBI is always closely associated with the malignancy of the
tumor (102). In a clinicopathological analysis including 80 patients
with renal cell carcinoma, elevated HMGBI levels were significantly
associated with unfavorable clinical outcomes, and this
manifestation appeared to be achieved by affecting the receptor
product of glycosylation endpoints(RAGE) (74). HMGB1/RAGE
promotes renal cell carcinoma proliferation and invasion by
inducing the expression of vascular endothelial growth factor
(VEGF), and at the same time promotes renal cell carcinoma cell
autophagy to enhance drug resistance (11). Therefore, we can
inhibit angiogenesis and metastasis of renal cell carcinoma by
targeting HMGBI and use it in combination with other renal cell
carcinoma therapies to prolong patient survival. Immunotherapy,
the latest cancer treatment, which treats cancer by stimulating the
recovery of the body’s autoimmune function, has not yielded
satisfactory results in renal cell carcinoma patients. In the study
of immune evasion in renal cell carcinoma, it was found that
HMGBI did not directly affect adaptive immunity, but promoted
the proliferation of myeloid-derived suppressor cells (MDSCs) by
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interfering with the differentiation of dendritic cells, inhibiting the
role of immunotherapy in renal cell carcinoma (84). In addition,
Zhong et al. found that low expression of miR-505 led to
overexpression of HMGBI, which promoted the proliferation of
renal cell carcinoma (103). Research findings indicate that HMGB1
may serve as both a diagnostic marker and treatment focus for renal
cell carcinoma. Furthermore, based on these findings, targeting
HMGBI1 and combining it with immunotherapy may be a
promising therapeutic strategy when facing patients with
advanced renal cell carcinoma.

5 Conclusion and outlook

HMGBI, a key DAMP, significantly influences the onset,
progression, and treatment resistance of urological cancers. It
fosters chemoresistance and radioresistance by promoting
autophagy, enhancing DNA repair, activating survival pathways,
and altering the tumor immune microenvironment. In prostate and
bladder cancers, HMGBI released during chemotherapy boosts
autophagy via Beclin-1, reducing drug toxicity and aiding tumor
survival. It also engages RAGE and TLR4 receptors to activate NF-
kB and PI3K/Akt pathways, driving EMT and resistance. In
radiotherapy, HMGBI1 both activates anti-tumor immunity and
aids DNA repair, interacting with Ku70 in nasopharyngeal
carcinoma and modulating the TLR4/NF-xB axis in lung cancer.
These findings highlight the central role of HMGBI in orchestrating
tumor cell survival in the face of cytotoxic therapies.

Despite these advancements, several critical challenges persist.
Firstly, the tumor-type specificity of HMGB1-mediated resistance
mechanisms remains inadequately elucidated, particularly within
the diverse immunological and metabolic microenvironments.
Secondly, the dualistic nature of HMGBI, functioning both as a
tumor promoter and an immune activator, highlights the
complexity of its role across various stages of tumor progression
and therapeutic intervention. Thirdly, although preclinical studies
suggest the potential of targeting HMGBI1 or its downstream
pathways to enhance therapeutic efficacy, there is a notable
absence of clinically approved HMGBL1 inhibitors, and the safety
and specificity of these approaches necessitate further validation.

In conclusion, HMGBI functions as a pivotal nexus connecting
inflammation, immune modulation, and treatment resistance in
urologic and other malignancies. A more thorough understanding
of its signaling pathways and cellular interactions could reveal novel
therapeutic opportunities. Future research should aim to elucidate
the context-specific roles of HMGB1 within the tumor

References

1. Goodwin GH, Sanders C, Johns EW. A new group of chromatin-associated
proteins with a high content of acidic and basic amino acids. Eur ] Biochem. (1973)
38:14-9. doi: 10.1111/j.1432-1033.1973.tb03026.x

2. RuH, Chambers MG, Fu T-M, Tong AB, Liao M, Wu H. Molecular mechanism of
V(D)J recombination from synaptic RAG1-RAG2 complex structures. Cell. (2015)
163:1138-52. doi: 10.1016/j.cell.2015.10.055

Frontiers in Oncology

10.3389/fonc.2025.1593157

microenvironment and to develop safe and effective HMGBI-
targeted agents. These agents could potentially be used in
conjunction with existing chemotherapy, radiotherapy, or
immunotherapy strategies to enhance patient outcomes.

Author contributions

DL: Writing — original draft, Writing — review & editing. XL:
Writing — review & editing, Conceptualization. LZ: Data curation,
Writing - review & editing. QF: Formal analysis, Writing - review
& editing. YC: Writing - review & editing, Formal analysis. XY:
Writing - review & editing, Investigation, Software.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

3. Zhang Y, Yuan F, Presnell SR, Tian K, Gao Y, Tomkinson AE, et al.
Reconstitution of 5'-directed human mismatch repair in a purified system. Cell.
(2005) 122:693-705. doi: 10.1016/j.cell.2005.06.027

4. Zhao M, Yang M, Yang L, Yu Y, Xie M, Zhu S, et al. HMGBI regulates autophagy
through increasing transcriptional activities of JNK and ERK in human myeloid
leukemia cells. BMB Rep. (2011) 44:601-6. doi: 10.5483/BMBRep.2011.44.9.601

frontiersin.org


https://doi.org/10.1111/j.1432-1033.1973.tb03026.x
https://doi.org/10.1016/j.cell.2015.10.055
https://doi.org/10.1016/j.cell.2005.06.027
https://doi.org/10.5483/BMBRep.2011.44.9.601
https://doi.org/10.3389/fonc.2025.1593157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

5. Andersson U, Yang H, Harris H. High-mobility group box 1 protein (HMGB1)
operates as an alarmin outside as well as inside cells. Semin Immunol. (2018) 38:40-8.
doi: 10.1016/j.smim.2018.02.011

6. Huttunen HJ, Fages C, Kuja-Panula J, Ridley AJ, Rauvala H. Receptor for
advanced glycation end products-binding COOH-terminal motif of amphoterin
inhibits invasive migration and metastasis. Cancer Res. (2002) 62(16):4805-11.

7. Diener KR, Al-Dasooqi N, Lousberg EL, Hayball JD. The multifunctional alarmin
HMGBI with roles in the pathophysiology of sepsis and cancer. Immunol Cell Biol.
(2013) 91:443-50. doi: 10.1038/icb.2013.25

8. LiJ, Kokkola R, Tabibzadeh S, Yang R, Ochani M, Qiang X, et al. Structural basis
for the proinflammatory cytokine activity of high mobility group box 1. Mol Med.
(2003) 9:37-45. doi: 10.1007/BF03402105

9. Ellerman JE, Brown CK, de Vera M, Zeh HJ, Billiar T, Rubartelli A, et al.
Masquerader: high mobility group box-1 and cancer. Clin Cancer Res. (2007) 13:2836-
48. doi: 10.1158/1078-0432.CCR-06-1953

10. Gong W, Zheng Y, Chao F, Li Y, Xu Z, Huang G, et al. The anti-inflammatory
activity of HMGBI A box is enhanced when fused with C-terminal acidic tail. ] Biomed
Biotechnol. (2010) 2010:1-6. doi: 10.1155/2010/915234

11. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. (2011)
144:646-74. doi: 10.1016/j.cell.2011.02.013

12. Chen R, Kang R, Tang D. The mechanism of HMGBI secretion and release. Exp
Mol Med. (2022) 54:91-102. doi: 10.1038/s12276-022-00736-w

13. Sessa L, Bianchi ME. The evolution of High Mobility Group Box (HMGB)
chromatin proteins in multicellular animals. Gene. (2007) 387:133-40. doi: 10.1016/
j.gene.2006.08.034

14. Ferrari S, Finelli P, Rocchi M, Bianchi ME. The active gene that encodes human
high mobility group 1 protein (HMG1) contains introns and maps to chromosome 13.
Genomics. (1996) 35:367-71. doi: 10.1006/geno0.1996.0369

15. Stros M, Dixon GH. A retropseudogene for non-histone chromosomal protein
HMG - 1. Biochim Biophys Acta (BBA) - Gene Struct Expression. (1993) 1172:231-5.
doi: 10.1016/0167-4781(93)90303-U

16. Lum HK, Lee K-LD. The human HMGB1 promoter is modulated by a silencer
and an enhancer-containing intron. Biochim Biophys Acta (BBA) - Gene Struct
Expression. (2001) 1520:79-84. doi: 10.1016/S0167-4781(01)00243-3

17. Uramoto H, Izumi H, Nagatani G, Ohmori H, Nagasue N, Ise T, et al. Physical
interaction of tumour suppressor p53/p73 with CCAAT-binding transcription factor 2
(CTF2) and differential regulation of human high-mobility group 1 (HMG1) gene
expression. Biochem J. (2003) 371:301-10. doi: 10.1042/bj20021646

18. Jayaraman L, Moorthy NC, Murthy KGK, Manley JL, Bustin M, Prives C. High
mobility group protein-1 (HMG - 1) is a unique activator of p53. Genes Dev. (1998)
12:462-72. doi: 10.1101/gad.12.4.462

19. Tang D, Kang R, Zeh HJ, Lotze MT. The multifunctional protein HMGBI1: 50
years of discovery. Nat Rev Immunol. (2023) 23:824-41. doi: 10.1038/s41577-023-
00894-6

20. Stros M. HMGB proteins: Interactions with DNA and chromatin. Biochim
Biophys Acta (BBA) - Gene Regul Mech. (2010) 1799:101-13. doi: 10.1016/
j.bbagrm.2009.09.008

21. Assenberg R, Webb M, Connolly E, Stott K, Watson M, Hobbs J, et al. A critical
role in structure-specific DNA binding for the acetylatable lysine residues in HMGBI.
Biochem J. (2008) 411:553-61. doi: 10.1042/BJ20071613

22. Stros M, Cherny D, Jovin TM. HMGI protein stimulates DNA end joining by
promoting association of DNA molecules via their ends. Eur J Biochem. (2000)
267:4088-97. doi: 10.1046/j.1432-1327.2000.01450.x

23. Yumoto Y, Shirakawa H, Yoshida M, Suwa A, Watanabe F, Teraoka H. High
mobility group proteins 1 and 2 can function as DNA-binding regulatory components
for DNA-dependent protein kinase In Vitro. ] Biochem. (1998) 124:519-27.
doi: 10.1093/oxfordjournals.jbchem.a022143

24. Li G, Tang D, Lotze MT. Ménage a Trois in stress: DAMPs, redox and
autophagy. Semin Cancer Biol. (2013) 23:380-90. doi: 10.1016/j.semcancer.2013.08.002

25. Lopez-Diez R, Rastrojo A, Villate O, Aguado B. Complex tissue-specific patterns
and distribution of multiple RAGE splice variants in different mammals. Genome Biol
Evol. (2013) 5:2420-35. doi: 10.1093/gbe/evt188

26. Hori O, Brett ], Slattery T, Cao R, Zhang J, Chen JX, et al. The receptor for
advanced glycation end products (RAGE) is a cellular binding site for amphoterin. J
Biol Chem. (1995) 270:25752-61. doi: 10.1074/jbc.270.43.25752

27. Tang D, Kang R, Zeh HJIII, Lotze MT. High-mobility group box 1 and cancer.
Biochim Biophys Acta (BBA) - Gene Regul Mech. (2010) 1799:131-40. doi: 10.1016/
j.bbagrm.2009.11.014

28. Grasso D, Garcia MN, Iovanna JL. Autophagy in pancreatic cancer. Int ] Cell
Biol. (2012) 2012:1-7. doi: 10.1155/2012/760498

29. Leclerc E, Vetter SW. The role of S100 proteins and their receptor RAGE in
pancreatic cancer. Biochim Biophys Acta (BBA) - Mol Basis Dis. (2015) 1852:2706-11.
doi: 10.1016/j.bbadis.2015.09.022

30. Belvin MP, Anderson KV. A CONSERVED SIGNALING PATHWAY: the
drosophila toll-dorsal pathway. Annu Rev Cell Dev Biol. (1996) 12:393-416.
doi: 10.1146/annurev.cellbio.12.1.393

Frontiers in Oncology

11

10.3389/fonc.2025.1593157

31. Jung AR, Kim GE, Kim MY, Ha U-S, Hong S-H, Lee JY, et al. HMGBI promotes
tumor progression and invasion through HMGB1/TNFR1/NF-KB axis in castration-
resistant prostate cancer. Am ] Cancer Res. (2021) 11:2215-27. doi: 10.1097/
JU.0000000000002042.04

32. Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol. (2004) 4:499—-
511. doi: 10.1038/nri1391

33. Velegraki M, Papakonstanti E, Mavroudi I, Psyllaki M, Tsatsanis C, Oulas A,
et al. Impaired clearance of apoptotic cells leads to HMGBI release in the bone marrow
of patients with myelodysplastic syndromes and induces TLR4-mediated cytokine
production. Haematologica. (2013) 98:1206-15. doi: 10.3324/haematol.2012.064642

34. Mittal D, Saccheri F, Vénéreau E, Pusterla T, Bianchi ME, Rescigno M. TLR4-
mediated skin carcinogenesis is dependent on immune and radioresistant cells. EMBO
J. (2010) 29:2242-52. doi: 10.1038/emboj.2010.94

35. Chen X, Zhao F, Zhang H, Zhu Y, Wu K, Tan G. Significance of TLR4/MyD88
expression in breast cancer. Int J Clin Exp Pathol. (2015) 8(6):7034-9.

36. Bianchi ME, Crippa MP, Manfredi AA, Mezzapelle R, Rovere Querini P,
Venereau E. High-mobility group box 1 protein orchestrates responses to tissue
damage via inflammation, innate and adaptive immunity, and tissue repair. Immunol
Rev. (2017) 280:74-82. doi: 10.1111/imr.12601

37. Li X, Yue Y, Zhu Y, Xiong S. Extracellular, but not intracellular HMGBI,
facilitates self-DNA induced macrophage activation via promoting DNA accumulation
in endosomes and contributes to the pathogenesis of lupus nephritis. Mol Immunol.
(2015) 65:177-88. doi: 10.1016/j.molimm.2015.01.023

38. Lu]J, Yue Y, Xiong S. Extracellular HMGB1 augments macrophage inflammation
by facilitating the endosomal accumulation of ALD-DNA via TLR2/4-mediated
endocytosis. Biochim Biophys Acta (BBA) - Mol Basis Dis. (2021) 1867:166184.
doi: 10.1016/j.bbadis.2021.166184

39. Monney L, Sabatos CA, Gaglia JL, Ryu A, Waldner H, Chernova T, et al. Thl-
specific cell surface protein Tim-3 regulates macrophage activation and severity of an
autoimmune disease. Nature. (2002) 415:536-41. doi: 10.1038/415536a

40. Anderson AC, Anderson DE, Bregoli L, Hastings WD, Kassam N, Lei C, et al.
Promotion of tissue inflammation by the immune receptor tim-3 expressed on innate
immune cells. Science. (2007) 318:1141-3. doi: 10.1126/science.1148536

41. Hastings WD, Anderson DE, Kassam N, Koguchi K, Greenfield EA, Kent SC,
et al. TIM - 3 is expressed on activated human CD4+ T cells and regulates Thl and
Th17 cytokines. Eur ] Immunol. (2009) 39:2492-501. doi: 10.1002/€ji.200939274

42. Yan W, Liu X, Ma H, Zhang H, Song X, Gao L, et al. Tim-3 fosters HCC
development by enhancing TGF-f-mediated alternative activation of macrophages.
Gut. (2015) 64:1593-604. doi: 10.1136/gutjnl-2014-307671

43. Wolf Y, Anderson AC, Kuchroo VK. TIM3 comes of age as an inhibitory
receptor. Nat Rev Immunol. (2020) 20:173-85. doi: 10.1038/s41577-019-0224-6

44. Yuan S, Liu Z, Xu Z, Liu ], Zhang J. High mobility group box 1 (HMGBI): a
pivotal regulator of hematopoietic Malignancies. ] Hematol Oncol. (2020) 13:91.
doi: 10.1186/s13045-020-00920-3

45. Liu Y, Prasad R, Wilson SH. HMGBI: Roles in base excision repair and related
function. Biochim Biophys Acta (BBA) - Gene Regul Mech. (2010) 1799:119-30.
doi: 10.1016/j.bbagrm.2009.11.008

46. Cheng K], Alshawsh MA, Mejia Mohamed EH, Thavagnanam S, Sinniah A,
Ibrahim ZA. HMGBI: an overview of its versatile roles in the pathogenesis of colorectal
cancer. Cell Oncol. (2020) 43:177-93. doi: 10.1007/s13402-019-00477-5

47. Kang R, Tang D. The dual role of HMGBI in pancreatic cancer. ] Pancreatol.
(2018) 1:19-24. doi: 10.1097/JP9.0000000000000002

48. Liu P-L, Tsai J-R, Hwang J-J, Chou S-H, Cheng Y-J, Lin F-Y, et al. High-mobility
group box 1-mediated matrix metalloproteinase-9 expression in non-small cell lung
cancer contributes to tumor cell invasiveness. Am J Respir Cell Mol Biol. (2010) 43:530—
8. doi: 10.1165/rcmb.2009-02690C

49. Huber R, Meier B, Otsuka A, Fenini G, Satoh T, Gehrke S, et al. Tumour hypoxia
promotes melanoma growth and metastasis via High Mobility Group Box-1 and M2-
like macrophages. Sci Rep. (2016) 6:29914. doi: 10.1038/srep29914

50. Zhang W, Tian J, Hao Q. HMGBI1 combining with tumor-associated
macrophages enhanced lymphangiogenesis in human epithelial ovarian cancer.
Tumor Biol. (2014) 35:2175-86. doi: 10.1007/s13277-013-1288-8

51. Shanping Sun Y, Zhang W, Cui Z, Chen Q, Xie P, Zhou C, et al. High mobility
group box-1 and its clinical value in breast cancer. OTT. (2015) 8:413. doi: 10.2147/
OTT.S73366

52. Zhang L, Han J, Wu H, Liang X, Zhang J, Li J, et al. The association of HMGB1
expression with clinicopathological significance and prognosis in hepatocellular
carcinoma: A meta-analysis and literature review. PloS One. (2014) 9:e110626.
doi: 10.1371/journal.pone.0110626

53. Wang Z, Wang X, Li ], Yang C, Xing Z, Chen R, et al. HMGB1 knockdown
effectively inhibits the progression of rectal cancer by suppressing HMGB1 expression
and promoting apoptosis of rectal cancer cells. Mol Med Rep. (2016) 14:1026-32.
doi: 10.3892/mmr.2016.5340

54. Venereau E, Casalgrandi M, Schiraldi M, Antoine DJ, Cattaneo A, De Marchis F,
et al. Mutually exclusive redox forms of HMGBI1 promote cell recruitment or
proinflammatory cytokine release. J Exp Med. (2012) 209:1519-28. doi: 10.1084/
jem.20120189

frontiersin.org


https://doi.org/10.1016/j.smim.2018.02.011
https://doi.org/10.1038/icb.2013.25
https://doi.org/10.1007/BF03402105
https://doi.org/10.1158/1078-0432.CCR-06-1953
https://doi.org/10.1155/2010/915234
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1038/s12276-022-00736-w
https://doi.org/10.1016/j.gene.2006.08.034
https://doi.org/10.1016/j.gene.2006.08.034
https://doi.org/10.1006/geno.1996.0369
https://doi.org/10.1016/0167-4781(93)90303-U
https://doi.org/10.1016/S0167-4781(01)00243-3
https://doi.org/10.1042/bj20021646
https://doi.org/10.1101/gad.12.4.462
https://doi.org/10.1038/s41577-023-00894-6
https://doi.org/10.1038/s41577-023-00894-6
https://doi.org/10.1016/j.bbagrm.2009.09.008
https://doi.org/10.1016/j.bbagrm.2009.09.008
https://doi.org/10.1042/BJ20071613
https://doi.org/10.1046/j.1432-1327.2000.01450.x
https://doi.org/10.1093/oxfordjournals.jbchem.a022143
https://doi.org/10.1016/j.semcancer.2013.08.002
https://doi.org/10.1093/gbe/evt188
https://doi.org/10.1074/jbc.270.43.25752
https://doi.org/10.1016/j.bbagrm.2009.11.014
https://doi.org/10.1016/j.bbagrm.2009.11.014
https://doi.org/10.1155/2012/760498
https://doi.org/10.1016/j.bbadis.2015.09.022
https://doi.org/10.1146/annurev.cellbio.12.1.393
https://doi.org/10.1097/JU.0000000000002042.04
https://doi.org/10.1097/JU.0000000000002042.04
https://doi.org/10.1038/nri1391
https://doi.org/10.3324/haematol.2012.064642
https://doi.org/10.1038/emboj.2010.94
https://doi.org/10.1111/imr.12601
https://doi.org/10.1016/j.molimm.2015.01.023
https://doi.org/10.1016/j.bbadis.2021.166184
https://doi.org/10.1038/415536a
https://doi.org/10.1126/science.1148536
https://doi.org/10.1002/eji.200939274
https://doi.org/10.1136/gutjnl-2014-307671
https://doi.org/10.1038/s41577-019-0224-6
https://doi.org/10.1186/s13045-020-00920-3
https://doi.org/10.1016/j.bbagrm.2009.11.008
https://doi.org/10.1007/s13402-019-00477-5
https://doi.org/10.1097/JP9.0000000000000002
https://doi.org/10.1165/rcmb.2009-0269OC
https://doi.org/10.1038/srep29914
https://doi.org/10.1007/s13277-013-1288-8
https://doi.org/10.2147/OTT.S73366
https://doi.org/10.2147/OTT.S73366
https://doi.org/10.1371/journal.pone.0110626
https://doi.org/10.3892/mmr.2016.5340
https://doi.org/10.1084/jem.20120189
https://doi.org/10.1084/jem.20120189
https://doi.org/10.3389/fonc.2025.1593157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

55. Kang R, Zhang Q, Zeh HJ, Lotze MT, Tang D. HMGBI in cancer: good, bad, or
both? Clin Cancer Res. (2013) 19:4046-57. doi: 10.1158/1078-0432.CCR-13-0495

56. Teo Hansen Selng A, Schlichtner S, Yasinska IM, Sakhnevych SS, Fiedler W,
Wellbrock J, et al. High mobility group box 1 (HMGBI) induces toll-like receptor 4-
mediated production of the immunosuppressive protein galectin-9 in human cancer
cells. Front Immunol. (2021) 12:675731. doi: 10.3389/fimmu.2021.675731

57. Chen R, Zhu S, Fan X, Wang H, Lotze MT, Zeh H]J, et al. High mobility group
protein Bl controls liver cancer initiation through yes-associated protein -dependent
aerobic glycolysis. Hepatology. (2018) 67:1823-41. doi: 10.1002/hep.29663

58. Hernandez C, Huebener P, Pradere J-P, Antoine DJ, Friedman RA, Schwabe RF.
HMGBI links chronic liver injury to progenitor responses and hepatocarcinogenesis. J
Clin Invest. (2019) 129:1803-3. doi: 10.1172/JCI128261

59. Gebhardt C, Riehl A, Durchdewald M, Németh J, Fiirstenberger G, Miiller-
Decker K, et al. RAGE signaling sustains inflammation and promotes tumor
development. ] Exp Med. (2008) 205:275-85. doi: 10.1084/jem.20070679

60. Finger EC, Giaccia AJ. Hypoxia, inflammation, and the tumor
microenvironment in metastatic disease. Cancer Metastasis Rev. (2010) 29:285-93.
doi: 10.1007/s10555-010-9224-5

61. Yan W, Chang Y, Liang X, Cardinal JS, Huang H, Thorne SH, et al. High-
mobility group box 1 activates caspase-1 and promotes hepatocellular carcinoma
invasiveness and metastases. Hepatology. (2012) 55:1863-75. doi: 10.1002/hep.25572

62. XuZ, Ma W, Wang J, Chen H, Li H, Yin Z, et al. Nuclear HMGBI is critical for
CD8 T cell IFN-y production and anti-tumor immunity. Cell Rep. (2024) 43:114886.
doi: 10.1016/j.celrep.2024.114886

63. Liao Y, Liu S, Fu S, Wu J. &lt;p<HMGBI in radiotherapy: A two headed signal
regulating tumor radiosensitivity and immunity&lt;/p<. OTT. (2020) 13:6859-71.
doi: 10.2147/OTT.S253772

64. Huang B, Sikorski R, Kirn DH, Thorne SH. Synergistic anti-tumor effects
between oncolytic vaccinia virus and paclitaxel are mediated by the IFN response
and HMGBI. Gene Ther. (2011) 18:164-72. doi: 10.1038/gt.2010.121

65. Jiao Y, Wang H, Fan S. Growth suppression and radiosensitivity increase by
HMGBI in breast cancer. Acta Pharmacol Sin. (2007) 28:1957-67. doi: 10.1111/j.1745-
7254.2007.00669.x

66. Liu L, Yang M, Kang R, Wang Z, Zhao Y, Yu Y, et al. HMGBI-induced
autophagy promotes chemotherapy resistance in leukemia cells. Leukemia. (2011)
25:23-31. doi: 10.1038/1eu.2010.225

67. Gao Q, Wang S, Chen X, Cheng S, Zhang Z, Li F, et al. Cancer-cell-secreted
CXCLI11 promoted CD8+ T cells infiltration through docetaxel-induced-release of
HMGBI in NSCLC. ] Immunother Cancer. (2019) 7:42. doi: 10.1186/s40425-019-0511-
6

68. Huang H, Nace GW, McDonald K-A, Tai S, Klune JR, Rosborough BR, et al.
Hepatocyte-specific high-mobility group box 1 deletion worsens the injury in liver
ischemia/reperfusion: A role for intracellular high-mobility group box 1 in cellular
protection. Hepatology. (2014) 59:1984-97. doi: 10.1002/hep.26976

69. Kang R, Zhang Q, Hou W, Yan Z, Chen R, Bonaroti J, et al. Intracellular hmgb1
inhibits inflammatory nucleosome release and limits acute pancreatitis in mice.
Gastroenterology. (2014) 146:1097-1107.e8. doi: 10.1053/j.gastro.2013.12.015

70. Lange SS, Vasquez KM. HMGBI1: The jack-of-all-trades protein is a master DNA
repair mechanic. Mol Carcinogene. (2009) 48:571-80. doi: 10.1002/mc.20544

71. Lv D, Song X, Huang B, Yu Y-Z, Shu F, Wang C, et al. HMGBI promotes
prostate cancer development and metastasis by interacting with brahma-related gene 1
and activating the akt signaling pathway. Theranostics. (2019) 9:5166-82. doi: 10.7150/
thno.33972

72. Zhang ], Shao S, Han D, Xu Y, Jiao D, Wu J, et al. High mobility group box 1
promotes the epithelial-to-mesenchymal transition in prostate cancer PC3 cells via the
RAGE/NF-«B signaling pathway. Int ] Oncol. (2018) 53:659-71. doi: 10.3892/
ijo.2018.4420

73. Liao H, Xiao Y, Hu Y, Xiao Y, Yin Z, Liu L. Suppression of cellular proliferation
and invasion by HMGB1 knockdown in bladder urothelial carcinoma cells. Oncol Res.
(2015) 22:235-45. doi: 10.3727/096504015X14267282610858

74. Qie G-Q, Wang C-T, Chu Y-F, Wang R. Expression of HMGB1/RAGE protein
in renal carcinoma and its clinical significance. Int J Clin Exp Pathol. (2015) 8(6):6262—-
8.

75. Zhang Y, Yuan Y, Zhang X, Huang D, Wei Y, Yang J. HMGB1-mediated
autophagy confers resistance to gemcitabine in hormone—independent prostate cancer
cells. Oncol Lett. (2017) 14:6285-90. doi: 10.3892/01.2017.6965

76. Lei X, Hu X, Zhang T, Zhang J, Wu C, Hong W, et al. HMGBI release promotes
paclitaxel resistance in castration-resistant prostate cancer cells via activating c-Myc
expression. Cell Signalling. (2020) 72:109631. doi: 10.1016/j.cellsig.2020.109631

77. Zhou X, Han ], Zuo A, Ba Y, Liu S, Xu H, et al. Correction: THBS2 + cancer-
associated fibroblasts promote EMT leading to oxaliplatin resistance via COL8A1-
mediated PI3K/AKT activation in colorectal cancer. Mol Cancer. (2025) 24:184.
doi: 10.1186/512943-025-02388-6

78. Nishiguchi Y, Oue N, Fujiwara-Tani R, Sasaki T, Ohmori H, Kishi S, et al. Role of
metastasis-related genes in cisplatin chemoresistance in gastric cancer. IJMS. (2019)
21:254. doi: 10.3390/ijms21010254

Frontiers in Oncology

10.3389/fonc.2025.1593157

79. Krombach J, Hennel R, Brix N, Orth M, Schoetz U, Ernst A, et al. Priming anti-
tumor immunity by radiotherapy: Dying tumor cell-derived DAMPs trigger endothelial
cell activation and recruitment of myeloid cells. Oncolmmunology. (2019) 8:21523097.
doi: 10.1080/2162402X.2018.1523097

80. Zhu X, Cong J, Lin Z, Sun J, Yang B, Li A. &lt;p<Inhibition of HMGBI1
overcomes resistance to radiation and chemotherapy in nasopharyngeal
carcinoma&lt;/p<. OTT. (2020) 13:4189-99. doi: 10.2147/OTT.S239243

81. BaiL, ZhangJ, Gao D, Liu C, Li W, Li Q. Downregulation of high mobility group
box 1 enhances the radiosensitivity of non—small cell lung cancer by acting as a crucial
target of microRNA—-107. Exp Ther Med. (2021) 22:679. doi: 10.3892/etm.2021.10111

82. Chen J, Xu D, Wang T, Yang Z, Yang Y, He K, et al. HMGBI1 promotes the
development of castration—resistant prostate cancer by regulating androgen receptor
activation. Oncol Rep. (2022) 48:197. doi: 10.3892/0r.2022.8412

83. Kuniyasu H, Chihara Y, Kondo H, Ohmori H, Ukai R. Amphoterin induction in
prostatic stromal cells by androgen deprivation is associated with metastatic prostate
cancer. Oncol Rep. (2003) 10:1863-8. doi: 10.3892/0r.10.6.1863

84. Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA A Cancer ] Clin. (2021) 71:209-49.
doi: 10.3322/caac.21660

85. LiJ, Sun J, Rong R, Li L, Shang W, Song D, et al. HMGB1 promotes myeloid-
derived suppressor cells and renal cell carcinoma immune escape. Oncotarget. (2017)
8:63290-8. doi: 10.18632/oncotarget.18796

86. Makino T, Izumi K, Mizokami A. Undesirable status of prostate cancer cells after
intensive inhibition of AR signaling: post-AR era of CRPC treatment. Biomedicines.
(2021) 9:414. doi: 10.3390/biomedicines9040414

87. Chang H-Y, Chen S-Y, Wu C-H, Lu C-C, Yen G-C. Glycyrrhizin attenuates the
process of epithelial-to-mesenchymal transition by modulating HMGBI initiated novel
signaling pathway in prostate cancer cells. ] Agric Food Chem. (2019) 67:3323-32.
doi: 10.1021/acs.jafc.9b00251

88. Wu C, Chen C, Hsieh P, Lee Y, Kuo WW, Wu RC, et al. Verbascoside inhibits
the epithelial-mesenchymal transition of prostate cancer cells through high-mobility
group box 1/receptor for advanced glycation end-products/TGF-B pathway. Environ
Toxicol. (2021) 36:1080-9. doi: 10.1002/tox.23107

89. Peng G, Wang C, Wang H, Qu M, Dong K, Yu Y, et al. Gankyrin-mediated
interaction between cancer cells and tumor-associated macrophages facilitates prostate
cancer progression and androgen deprivation therapy resistance. Oncolmmunology.
(2023) 12:2173422. doi: 10.1080/2162402X.2023.2173422

90. Zhou J, Chen X, Gilvary DL, Tejera MM, Eksioglu EA, Wei S, et al. HMGBI1
induction of clusterin creates a chemoresistant niche in human prostate tumor cells. Sci
Rep. (2015) 5:15085. doi: 10.1038/srep15085

91. Wang C, Peng G, Huang H, Liu F, Kong D-P, Dong K-Q, et al. Blocking the
feedback loop between neuroendocrine differentiation and macrophages improves the
therapeutic effects of enzalutamide (MDV3100) on prostate cancer. Clin Cancer Res.
(2018) 24:708-23. doi: 10.1158/1078-0432.CCR-17-2446

92. Chou Y-E, Yang P-J, Lin C-Y, Chen Y-Y, Chiang W-L, Lin P-X; et al. The impact
of HMGBI1 polymorphisms on prostate cancer progression and clinicopathological
characteristics. IJERPH. (2020) 17:7247. doi: 10.3390/ijerph17197247

93. Li T, Gui Y, Yuan T, Liao G, Bian C, Jiang Q, et al. Overexpression of high
mobility group box 1 with poor prognosis in patients after radical prostatectomy. BJU
Int. (2012) 110:E1125-1130. doi: 10.1111/j.1464-410X.2012.11277.x

94. van Hoogstraten LMC, Vrieling A, van der Heijden AG, Kogevinas M, Richters
A, Kiemeney LA. Global trends in the epidemiology of bladder cancer: challenges for
public health and clinical practice. Nat Rev Clin Oncol. (2023) 20:287-304.
doi: 10.1038/s41571-023-00744-3

95. Yang G, Zhang L, Bo J, Huo X, Chen H, Cao M, et al. Increased expression of
HMGBI is associated with poor prognosis in human bladder cancer. J Surg Oncol.
(2012) 106:57-61. doi: 10.1002/js0.23040

96. Zhu H, Chen Q, Zhang Y, Zhao L. Glutathione S-transferase zeta 1 alters the
HMGB1/GPX4 axis to drive ferroptosis in bladder cancer cells. Hum Exp Toxicol.
(2023) 42:9603271231161606. doi: 10.1177/09603271231161606

97. Rose M, Gaisa NT, Antony P, Fiedler D, Heidenreich A, Otto W, et al. Epigenetic
inactivation of ITTH5 promotes bladder cancer progression and predicts early relapse of pT1
high-grade urothelial tumours. Carcinogenesis. (2014) 35:727-36. doi: 10.1093/carcin/bgt375

98. Merseburger AS, Kuczyk MA. The value of bladder-conserving strategies in
muscle-invasive bladder carcinoma compared with radical surgery. Curr Opin Urol.
(2007) 17:358-62. doi: 10.1097/MOU.0b013e3282c4afa0

99. Shrivastava S, Mansure JJ, Almajed W, Cury F, Ferbeyre G, Popovic M, et al. The
role of HMGBI in radioresistance of bladder cancer. Mol Cancer Ther. (2016) 15:471-9.
doi: 10.1158/1535-7163.MCT-15-0581

100. Benlier N, Solakhan M, Yildirim Z, Kaya V, Yildirim OA, Orhan N, et al. A
novel diagnostic tool for the detection of bladder cancer: Measurement of urinary high
mobility group box-1. Urol Oncol. (2020) 38:685.e11-685.e16. doi: 10.1016/
j.urolonc.2020.03.025

101. Mao WS, Ma QY, Zeng LH, Lin XH, Chen YZ, Cao XY, et al. Points that merit
consideration in the diagnosis of retinoblastoma. Yan Ke Xue Bao. (1989) 5(1-2):3-6.

frontiersin.org


https://doi.org/10.1158/1078-0432.CCR-13-0495
https://doi.org/10.3389/fimmu.2021.675731
https://doi.org/10.1002/hep.29663
https://doi.org/10.1172/JCI128261
https://doi.org/10.1084/jem.20070679
https://doi.org/10.1007/s10555-010-9224-5
https://doi.org/10.1002/hep.25572
https://doi.org/10.1016/j.celrep.2024.114886
https://doi.org/10.2147/OTT.S253772
https://doi.org/10.1038/gt.2010.121
https://doi.org/10.1111/j.1745-7254.2007.00669.x
https://doi.org/10.1111/j.1745-7254.2007.00669.x
https://doi.org/10.1038/leu.2010.225
https://doi.org/10.1186/s40425-019-0511-6
https://doi.org/10.1186/s40425-019-0511-6
https://doi.org/10.1002/hep.26976
https://doi.org/10.1053/j.gastro.2013.12.015
https://doi.org/10.1002/mc.20544
https://doi.org/10.7150/thno.33972
https://doi.org/10.7150/thno.33972
https://doi.org/10.3892/ijo.2018.4420
https://doi.org/10.3892/ijo.2018.4420
https://doi.org/10.3727/096504015X14267282610858
https://doi.org/10.3892/ol.2017.6965
https://doi.org/10.1016/j.cellsig.2020.109631
https://doi.org/10.1186/s12943-025-02388-6
https://doi.org/10.3390/ijms21010254
https://doi.org/10.1080/2162402X.2018.1523097
https://doi.org/10.2147/OTT.S239243
https://doi.org/10.3892/etm.2021.10111
https://doi.org/10.3892/or.2022.8412
https://doi.org/10.3892/or.10.6.1863
https://doi.org/10.3322/caac.21660
https://doi.org/10.18632/oncotarget.18796
https://doi.org/10.3390/biomedicines9040414
https://doi.org/10.1021/acs.jafc.9b00251
https://doi.org/10.1002/tox.23107
https://doi.org/10.1080/2162402X.2023.2173422
https://doi.org/10.1038/srep15085
https://doi.org/10.1158/1078-0432.CCR-17-2446
https://doi.org/10.3390/ijerph17197247
https://doi.org/10.1111/j.1464-410X.2012.11277.x
https://doi.org/10.1038/s41571-023-00744-3
https://doi.org/10.1002/jso.23040
https://doi.org/10.1177/09603271231161606
https://doi.org/10.1093/carcin/bgt375
https://doi.org/10.1097/MOU.0b013e3282c4afa0
https://doi.org/10.1158/1535-7163.MCT-15-0581
https://doi.org/10.1016/j.urolonc.2020.03.025
https://doi.org/10.1016/j.urolonc.2020.03.025
https://doi.org/10.3389/fonc.2025.1593157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al. 10.3389/fonc.2025.1593157

102. Kargt A, Demirpenge O, Giindiiz §, Goktas S, Alikanoglu AS, Yildirim M. 103. Zhong B, Qin Z, Zhou H, Yang F, Wei K, Jiang X, et al. microRNA-505
Serum levels of HMGBI have a diagnostic role in metastatic renal cell cancer. CBM. negatively regulates HMGBI to suppress cell proliferation in renal cell carcinoma. J Cell
(2016) 17:17-20. doi: 10.3233/CBM-160611 Physiol. (2019) 234:15025-34. doi: 10.1002/jcp.28142

Frontiers in Oncology 13 frontiersin.org


https://doi.org/10.3233/CBM-160611
https://doi.org/10.1002/jcp.28142
https://doi.org/10.3389/fonc.2025.1593157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Mechanism of action of HMGB1 in urologic malignancies
	1 Introduction
	2 Overview of HMGB1
	2.1 Biological properties of HMGB1
	2.1.1 Main structure of HMGB1
	2.1.2 Mechanisms of HMGB1 release
	2.1.3 HMGB1 gene and regulation

	2.2 Receptors and signaling pathways of HMGB1
	2.2.1 RAGE
	2.2.2 TLRs
	2.2.3 TIM3


	3 Role of HMGB1 in cancer
	3.1 Role of HMGB1 in tumorigenesis and progression
	3.2 Anti-tumor effects of HMGB1
	3.3 Correlation between HMGB1 and resistance to chemotherapy and radiotherapy

	4 Role of HMGB1 in urologic malignancies
	4.1 HMGB1 and prostate cancer
	4.2 HMGB1 and bladder cancer
	4.3 HMGB1 and renal cell carcinoma

	5 Conclusion and outlook
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


