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Abstract: Vitiligo is a chronic depigmenting disorder of the skin and mucosa caused by the destruction of epidermal melanocytes.
Although the exact mechanism has not been elucidated, studies have shown that oxidative stress plays an important role in the
pathogenesis of vitiligo. High mobility group box protein Bl (HMGBI1) is a major nonhistone protein and an extracellular
proinflammatory or chemotactic molecule that is actively secreted or passively released by necrotic cells. Recent data showed that
HMGBI is overexpressed in both blood and lesional specimens from vitiligo patients. Moreover, oxidative stress triggers the release of
HMGBI from keratinocytes and melanocytes, indicating that HMGB1 may participate in the pathological process of vitiligo. Overall,
this review mainly focuses on the role of HMGBI in the potential mechanisms underlying vitiligo depigmentation under oxidative
stress. In this review, we hope to provide new insights into vitiligo pathogenesis and treatment strategies.
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Introduction

Vitiligo is a cutaneous depigmentation disorder characterized by the selective loss of melanocytes. Vitiligo affects 0.5%
to 2% of the worldwide population, and its incidence continues to increase.' Since vitiligo usually affects children and
teenagers (with almost 50% of the patients developing the disease before the age of 20) and the lesions of chalk-white
macules and patches may involve exposed parts such as the face, vitiligo negatively influences patients’ quality of life by
decreasing their self-esteem and causing significant psychological distress.” Although multiple mechanisms, including
genetic predisposition, oxidative stress, autoimmune and inflammatory responses and melanocyte detachment, have been
implicated in the loss of functional melanocytes in vitiligo, the overall pathogenesis of vitiligo is still far from clear, thus
rendering the development of effective treatments difficult.*

High mobility group box protein Bl (HMGB1) normally localizes in the nucleus to maintain genomic stabilization
and regulate gene transcription.” Importantly, HMGBI1 can be released extracellularly upon exposure to stressful factors
such as oxidative stress and function as a damage-associated molecular pattern (DAMP) protein with strong proin-
flammatory effects. Recent data showed that HMGBI1 is overexpressed in both blood and lesional specimens from
vitiligo patients. Moreover, oxidative stress triggers the release of HMGBI1 from keratinocytes and melanocytes,
indicating that HMGB1 may participate and play a crucial role in the pathological process of vitiligo.® Following this,
this review aims to summarize the pathogenic function of HMGBI1 in the development of vitiligo, especially in regard to
the molecular mechanisms associated with oxidative stress, and to discuss the potential of HMGBI as a therapeutic target
for vitiligo (Figure 1).

Oxidative Stress-Mediated Destruction of Melanocytes in Vitiligo
Skin is one of the organs that suffers most from oxidative stress due to its direct contact with external environment.’
Among the different types of cutaneous cells, melanocytes especially contain massive amounts of reactive oxygen
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Figure | The possible pathogenic function of HMGBI in the development of vitiligo associated with oxidative stress.

species (ROS), which are a major source of oxidative stress, because the production of melanin is accompanied by the
active production of ROS and melanin itself absorbs ultraviolet that triggers oxidative stress.® Although ROS act as
important secondary messengers, high concentrations of ROS induce the death of melanocytes in various ways and thus
lead to the formation of vitiligo.

It is widely known that ROS directly induce cell death by triggering caspase-dependent apoptosis. However, ROS
causes melanocyte damage in vitiligo via multiple mechanisms. First, ROS undermine various macromolecules,
including lipids, proteins, nucleic acids and carbohydrates, in melanocytes,9 which accelerates the loss of functional
melanocytes in vitiligo. Furthermore, chronic exposure to oxidative stress exposes melanocytes to persistent DNA
damage, thus leading to senescence and the irreversible stagnation of melanocyte proliferation. Additionally, ROS
compromise the function of remaining melanocytes in vitiligo by interfering with the metabolism and differentiation of
melanocytes.'’

Autophagy is involved in the response to oxidative stress and plays an essential role in protecting cells against
oxidative damage. Under oxidative stress, ROS produced in melanocytes prompt autophagy and further inactivate the
antioxidant nuclear factor erythroid 2—related factor 2 (Nrf2) pathway, which removes toxic molecules and maintains the
redox homeostasis of melanocytes."' However, the autophagy pathway is impaired in melanocytes in vitiligo, which
results in inadequate activation of the Nrf2 pathway in melanocytes exposed to ROS and finally causes premature
senescence, decreased proliferation and impaired pigment synthesis in melanocytes.'?

Mitochondria are not only the origins of ROS but also victims of oxidative stress, and mitochondrial impairment
undoubtedly affects melanocyte survival. ROS-related mitochondrial dysfunction is characterized by mitochondrial outer
membrane permeabilization, loss of mitochondrial membrane potential and subsequent melanocyte apoptosis.'® The
abnormal lipid composition and compromised intactness of the respiratory chain in melanocyte mitochondria result from
ROS-induced mitochondrial impairment.'* Intriguingly, defects in respiratory chain complexes, especially complex I,'
caused by oxidative stress during assembly further induce ROS production, thus forming a vicious feedback loop to
destroy melanocytes.

Oxidative stress is a vital factor underlying endoplasmic reticulum (ER) dysfunction in vitiligo. Numerous studies
have confirmed that ER subversion by ROS induces melanocyte apoptosis. ER stress is characterized by aberrantly
folded proteins in the ER lumen, which elicit the unfolded protein response (UPR),'® and excessive and long-term UPR
causes cell death. It has been confirmed that homocysteine (Hcy) induces melanocyte apoptosis by activating ROS-
dependent ER stress and UPR activation in vitiligo.'” Moreover, the ROS-induced increase in the expression of
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chemokine (C-X-C motif) ligand 16 (CXCL16), a chemokine crucial for the migration of cytotoxic T cells (CTLs) in
vitiligo, is also due to the activation of the UPR.'®

It is worth noting that oxidative stress-mediated melanocyte destruction in vitiligo is affected by the functions of other
cutaneous cells. Epidermal keratinocytes secrete cytokines and chemokines under oxidative stress to activate and recruit
autoreactive T cells that undermine melanocytes. ROS elevate the Ca®" levels in vitiligo keratinocytes and then induce
the increased release of acetylcholine and the allosteric inhibition of thioredoxin reductase, which eventually leads to the
destruction of melanocyte defense and the inhibition of melanogenesis. Langerhans cells (LCs) are activated by inducible
heat shock protein 70 (HSP70i), which induces melanocytes under oxidative stress and acts as a warning signal to drive
the autoimmune response in vitiligo.'” Dendritic cells (DCs) sense membranal calreticulin (CRT), which is redistributed
from the ER lumen to the surface of melanocytes under oxidative stress and then activates a downstream immune
response in vitiligo. Moreover, the ROS-induced overexpression of CRT increases the sensitivity of melanocytes to DC-
induced immunogenic apoptosis.*

General Profile of HMGBI

HMGBI has been discovered for four decades and is one of the most abundant and highly conserved proteins in
eukaryotic cells. HMGBI is expressed in almost all eukaryotic cells and is extremely conserved, displaying a homology
of 99% between rodents and humans.”' Human HMGBI consists of 215 amino acid residues and is composed of two
DNA-binding domains (A box and B box) and a C-terminal acid tail. HMGBI1 is normally distributed in the nucleus but
can translocate into the cytoplasm under certain stresses and can even be secreted into the extracellular space in an active
or passive manner.”” In the extracellular environment, HMGBI serves as a proinflammatory DAMP and interacts with
downstream receptors, including advanced glycation end products (RAGE), toll-like receptor 2 (TLR2), toll-like receptor
4 (TLR4), toll-like receptor 9 (TLRY), integrin, CD24, chemokine receptor 4 (CXCR4) and N-methyl-D-aspartate
receptor.23

HMGBI is expressed in all types of cells, including keratinocytes and melanocytes, and overexpression of extra-
cellular HMGBI has been observed in several inflammatory skin conditions, such as psoriasis,”* atopic dermatitis,*
lichen planus,*® cutaneous T-cell lymphoma,?’ cutaneous vasculitis,?® systemic lupus,”” Henoch-Schonlein purpura®® and
systemic sclerosis.>’ Previous studies have reported higher levels of HMGBI in lesions and plasma samples from
patients with vitiligo in the active progressive phase compared with those in the slow progressive phase and healthy
people.®>? Further mechanistic studies indicate that HMGBI is not only directly involved in ROS-triggered melanocyte
apoptosis but also closely associated with the immune disorder caused by oxidative stress in vitiligo.*?

Role of HMGBI in the Oxidative Stress-Mediated Development of Vitiligo
HMGBI Directly Induces Melanocyte Apoptosis

A previous study claimed that stimulation with ROS or ultraviolet B (UVB) in vitro significantly increased the release of
HMGBI from keratinocytes, which inhibited the expression of melanogenesis-related molecules such as microphthalmia-
associated transcription factor (MITF), tyrosinase-related proteins and the gpl00 protein in a paracrine manner and
finally activate caspase-3 to trigger melanocyte apoptosis.® More recently, some studies have reported that HMGBI is
also released from lesional melanocytes under oxidative stress in vitiligo and further causes the apoptosis of melanocytes
themselves in an autocrine manner.>

HMGBI is Responsible for Autophagy Damage in Melanocytes Under Oxidative Stress
in Vitiligo

As described previously, autophagy defects play a vital role in ROS-induced oxidative damage to melanocytes in
vitiligo.** Defects in autophagy-related protein 7 (ATG7)-dependent autophagy under oxidative stress are accompanied
by a decreased growth rate, decreased melanin content, dysfunction of melanogenesis, premature senescence and
increased apoptosis of melanocytes, indicating that ATG7-dependent autophagy plays an important role in maintaining
the normal biological functions of human melanocytes under oxidative stress.>> Moreover, ATG7-dependent autophagy
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participates in the dynamic redox balance by regulating the production of ROS as well as the activity of the antioxidant
Nrf2 signaling pathway and several antioxidant enzymes.*> Inhibiting the release of HMGBI1 can reduce the number of
autolysosomes and autophagic flux in human and mouse cells, and HMGBI acts as an important autophagic sensor in the
cellular response to oxidative stress.*® For instance, Petrovicetal found that HMGBI in hepatocytes is transferred from
the nucleus to the extracellular space upon the induction of liver autophagy defects under oxidative stress. The molecular
pathway connecting autophagy deficiency and the release of HMGBI1 has been shown to be mediated by Nrf2 and
inflammasomes. The activation of Nrf2 subsequently leads to the upregulation and activation of caspase-1 and caspase-
11, which results in the cleavage of gasdermin D and the formation of gasdermin D pores for the release of HMGB1 from
hepatocytes.’” Another study showed that the serum level of HMGBI in liver-specific Atg7 knockout (L-ATG7KO) mice
was increased, and increased HMGB1 expression was observed in ATG7-deficient renal proximal tubules, indicating that
the release of HMGBI is a general event in autophagy-deficient cells regardless of tissue specificity.*® Taken together,
these data suggest that dysregulation of ATG7-dependent autophagy could increase the release of HMGB1, which might
promote the injury and apoptosis of cells, such as melanocytes, in vitiligo.

The nuclear factor erythroid 2-related factor 2-antioxidant response element (Nrf2-ARE) pathway protects cells from
various pro-oxidative stimuli by inducing autophagy.*® Nrf2-p62 is an important mechanism protecting melanocytes from
oxidative damage induced by hydrogen peroxide (H,0,).>* During autophagy, intracellular proteins and organelles can
bind to autophagosomes by the adaptor protein p62. At the same time, p62/SQSTMI1 is the target gene of Nrf2/Keapl
and produces a positive feedback loop between autophagy and Nrf2/Kelch-like ECH-associated protein 1 (Keapl).*
Impairment of the Nrf2/Keapl pathway suppresses autophagy in melanocytes extracted from perilesional skin from
subjects with vitiligo,>* thereby disrupting redox homeostasis and causing premature senescence, decreased proliferation
and melanogenesis in melanocytes.”> ROS trigger the release of HMGBI release from melanocytes in an autocrine
manner, leading to the suppression of Nrf2 and downstream antioxidant genes.>* Moreover, knockout of the HMGBI
gene suppresses the expression of the autophagosome marker light chain 3 (LC3) and enhances p62 expression in
melanocytes, and the competitive interaction between p62 and Keapl could promote the activation of Nrf2.** Therefore,
HMGBI1 may participate in the ROS-induced destruction of melanocytes in vitiligo by inhibiting both the activation of
the Nrf2-p62 pathway and autophagy.

IL-17 is a proinflammatory cytokine that accelerates autophagy. On the one hand, IL-17 induces Bcl-2 phosphoryla-
tion and its dissociation from Beclin-1, which activates autophagy.*' On the other hand, interleukin-17 (IL-17) promotes
the expression of a number of autophagy-related proteins, such as Beclin-1, LC3-1I and ATGS5, and enhances the level of
autophagy by inhibiting the PI3K signaling pathway.*? Intriguingly, ROS trigger IL-17-mediated autophagic cell
apoptosis as a downstream event of autophagy, and IL-17-mediated cell apoptosis is decreased by the inhibition of
autophagy via pretreatment with N-acetyl-L-cysteine (NAC).** The levels of HMGBI and IL-17 are reported to be
increased during liver I/R injury, and HMGBI can stimulate the production of IL-17 by ydT cells in a TLR4-dependent
manner.*> In addition, HMGB1 promotes IL-17 expression, triggers myocardial cell H/R injury and aggravates myo-
cardial apoptosis and autophagy.** Given that IL-17 is also increased in vitiligo, HMGB1 may cause the autophagic cell
apoptosis of melanocytes with the help of IL-17 in subjects with vitiligo.

Role of HMGBI in ER Stress Induction in Vitiligo

The change in ER homeostasis leads to ER stress, which is characterized by the accumulation of unfolded or misfolded
proteins in the ER lumen, and ER stress induces the UPR.'® Compared with healthy melanocytes, melanocytes in
vitiligo are reported to have more dilated ERs.* In addition, melanocytes from vitiligo patients have intrinsic defects,
which reduce their ability to manage cellular stress, leading to an increase in ROS production and induction of the UPR,
which in turn activates congenital inflammation.****® X-box-binding protein 1 (XBP-1) is an important regulator of ER
stress.*” Genome-wide association studies have shown that XBP1 polymorphisms are associated with an increased risk
of suffering from vitiligo. XBP1 regulates plasma cell differentiation and mediates the inflammatory response to ER
stress by activating the expression of major histocompatibility complex II (MHC-II) genes.*® In addition, XBP1
increases the expression of immune mediators such as IL-6 and IL-8 as a result of ER stress in melanocytes;*’
meanwhile, recent study revealed that XBP1 is involved in the differentiation of Th17 cells and elevated the level of
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IL-17A in vitiligo.”® Activation of the protein kinase R-like endoplasmic reticulum kinase-eukaryotic translation
initiation factor 2a (PERK-elF2a) and inositol-requiring enzyme 1 alpha-X-box-binding protein 1 (IREla-XBP1)
pathways is of great importance for the production of CXCL16 induced by H,O, in keratinocytes.'® Previous studies
suggest that HMGB1 promotes the secretion of CXCL16 from keratinocytes by binding to RAGE and activating the
endoplasmic reticulum kinase (ERK) and nuclear factor-xB (NF-kB) signaling pathways.*> The increased expression
and release of CXCL16 from keratinocytes in response to oxidative stress play a critical role in skin infiltration of
CDS8+ T cells and dendritic cells in vitiligo.>* As a key regulatory molecule of ER stress, XBP-1 plays an important role
in the HMGBI -induced maturation and activation of DCs and upregulation of RAGE on DC surfaces.*” HMGB1 may
play an important role in CXCL16 expression in stressed keratinocytes by inducing endoplasmic reticulum stress in
vitiligo.

An increased level of Hcy, an amino acid metabolite, has been identified as a circulatory marker of oxidative stress
and considered a risk factor for vitiligo.”' Hcy can induce melanocyte apoptosis by activating the ROS and ER stress-
associated PERK-eIF20-CHOP (C/EBP homologous protein) pathways and thereby inhibit melanogenesis.'” HMGBI
induces ER stress in human endothelial progenitor cells (EPCs) and triggers EPC apoptosis via RAGE-mediated
activation of the PERK/eIF2a pathway.’' In addition, HMGBI participates in the UPR system and induces the
degradation of proteins and apoptosis associated with Huntington’s disease (HD).>> HMGBI induces ER stress in
endothelial cells in a dose-dependent manner and promotes the apoptosis of macrophages induced by oxLDL through
the ERS/CHOP pathway.”® Therefore, HMGB1 may be responsible for the formation of ER stress in vitiligo and needs to
be studied further.

HMGBI Intensifies Oxidative Stress-Induced Mitochondrial Dysfunction, Which

Potentiates Vitiligo

Studies have confirmed the ultrastructural disorder of mitochondria in melanocytes in vitiligo,>* especially the disap-
pearance of cristac, which may hamper the assembly of respiratory chain complexes and enhance the production of
ROS.* Therefore, mitochondrial dysfunction is closely related to the vulnerability of melanocytes to oxidative stress.
Sirtuin 3 (SIRT3) has been described as a versatile molecule in regulating mitochondrial function and mitochondrial
dynamics.’® Excessive oxidative stress could significantly dampen SIRT3 activity and expression,”’ and SIRT3 defi-
ciency leads to melanocyte apoptosis by inducing severe mitochondrial dysfunction and the release of cytochrome c into
the cytoplasm.®® In addition, excessive carbonylation of SIRT3 dampens PGCla activation and transcriptional function,
leading to decreased expression and functional deficiency of SIRT3 in vitiligo.> Overexpression of SIRT3 reduces the
release of layered double hydroxide (LDH) and HMGBI and alleviates mitochondrial apoptosis.®® Furthermore, SIRT3
plays a key role in regulating mitochondrial bioenergy, ROS formation and proinflammatory responses in macrophages in
acute lung injury (ALI), another disease characterized by exuberant proinflammatory responses and mitochondrial
dysfunction. SIRT3 stimulated by vinblastine reduces the severity of ALI induced by lipopolysaccharide (LPS), as
shown by decreased neutrophil influx, pulmonary permeability, HMGBI1 release and nuclear-binding domain-like
receptor 3 (NLRP3) activation.®’ Recent studies indicate that the upregulation of SIRT3 expression inhibits the activation
of NF-kB, HMGB1, NLRP3 and caspase-1.°" High levels of SIRT3 and superoxide dismutase 2 (SOD2) induced by
mesenchymal stem cells (MSCs) suppress the NF-kB/HMGB1/NLRP3/caspase-1 signaling pathway, thereby inhibiting
the apoptosis of lung tissue cells. Collectively, these data suggest that SIRT3 deficiency mediates melanocyte apoptosis
by aggravating mitochondrial damage in vitiligo, which may be related to suppression of the NF-kB/HMGB1/NLRP3/
Caspase-1 pathway.

HMGBI is closely related to oxidative stress and mitochondrial apoptosis.®” Inhibition of HMGBI1 maintains the
balance of mitochondrial membrane potential and mitochondrial fusion/division, decreases the levels of mitochondrial
ROS and reduces the apoptosis of bone marrow mesenchymal stem cells.®> Mechanical stretching induces excessive
release of HMGB1 from mouse pulmonary vascular endothelial cells, which causes mitochondrial oxidative damage and
leads to increased mitochondrial ROS generation, decreased mitochondrial membrane potential, decreased intracellular
ATP levels and impaired respiratory chain complex activities.** In addition, HMGBI leads to increased mitochondrial
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fission through dynamin-related protein 1 (DRP1) phosphorylation.®> Therefore, HMGB1 may be closely related to
mitochondrial dysfunction induced by oxidative stress in melanocytes in vitiligo.

HMGBI Promotes Keratinocyte-Mediated Melanocyte Loss in Vitiligo

HMGBI can be released from keratinocytes after exposure to ROS or UVB.®® Constant HMGBI stimulation of
keratinocytes can impair natural barrier formation, and HMGBI1 heavily impacts the gene products of pivotal skin
barrier differentiation genes, such as filaggrin, involucrin and loricrin. Consequently, HMGBI1 has deleterious effects on
skin barrier protein expression and epidermal growth.®’

Keratinocytes are a vital nexus in the pathomechanism of vitiligo, as they mediate oxidative stress, secrete cytokines
to recruit autoreactive T cells and interfere with signal transduction in melanocytes, consequently inducing melanocyte
destruction.®® The ROS-induced release of ATP from keratinocytes might not only stimulate neighboring keratinocytes to
generate CXCL9 to chemoattract CD8+ T cells but also trigger Caspase-3-mediated melanocyte apoptosis. Treatment
with monosodium urate (MSU) crystals induces the release of ATP and HMGBI1 from peritoneal macrophages and THP-
1 cells. Upon entry of MSU, the cells release ATP, which acts in an autocrine manner on the P2X7 receptor. The cells
then release HMGB1 in a manner dependent on Panx-1 and the P2X7 receptor. This DAMP mediates cellular
inflammation by activating transcription factors via TLR-4 activation. The activation of the P2X7 receptor induced by
extracellular ATP induces the secretion of proinflammatory molecules such as IL-1B and the release of HMGBI in
hepatocytes, which further enhances the inflammatory response mediated by IL-1B.° ATP also induces the nuclear and
cytoplasmic transport and release of HMGBI in vascular smooth muscle cells. The serum level of IL-1f in patients with
vitiligo is increased and related to the activity and severity of the disease. Taken together, these results indicate the
involvement of HMGB1 in ATP-mediated melanocyte apoptosis under oxidative stress. Studies have confirmed that UVB
irradiation promotes the release of HMGBI1 by keratinocytes, and NAC significantly inhibits the release of HMGBI1 from
UVB-irradiated keratinocytes. Application of recombinant HMGBI to keratinocytes was shown to reduce the expression
of E-cadherin,®® ultimately weakening melanocyte—keratinocyte adhesion and enhancing melanocyte detachment.’”®
Furthermore, detachment disrupts fibronectin adhesion-mediated apoptosis suppression, which intensifies melanocyte
apoptosis and necrosis.

In keratinocytes, transient receptor potential melastatin 2 (TRPM?2) activates the NLRP3 inflammasome by inducing
calcium influx into cells and mitochondria, and the NLRP3 inflammasome enhances the functions of CD8" and CD4+
T cells in vitiligo through the IL-1B/IL-1R pathway.”' In a pathophysiological study of Kawasaki disease, researchers
proved that HMGBI released by immune cells promotes the HMGB1/RAGE/cathepsin B signaling pathway in endothe-
lial cells and subsequently activates endothelial cell pyroptosis via the NLRP3 inflammasome.”* NLRP3 inflammasome
activation facilitates the transport of HMGBI1 from the nucleus to the cytoplasm and its further secretion from
macrophage. The release of HMGBI1 from macrophages induced by LPS is dependent on the activation of the NLRP3
inflammasome. Chen et al reported that an adipokine (visfatin) could activate the NLRP3 inflammasome in endothelial
cells and promote the production of HMGB1, damaging the intercellular connections in the vascular endothelium.®® HBx
increases the secretion of HMGBI1 from hepatocytes under H,O, stimulation, while NAC decreases the secretion of
HMGBI by inhibiting the activation of the NLRP3 inflammasome.”® Therefore, HMGBI1 could play an important role in
melanocyte destruction mediated by the NLRP3/IL-1f pathway in vitiligo.

To conclude, oxidative stress triggers autocrine-mediated HMGBI translocation and release by keratinocytes and may
promote keratinocyte-potentiated melanocyte loss in vitiligo.

Conclusion and Future Perspectives

We summarized the role of HMGBI in vitiligo, focusing on its interaction with oxidative stress in the pathogenesis of the
disease. Generally, HMGBI plays a role in not only the direct damage of oxidative stress on melanocytes but also further
triggers the autoimmune T-cell response in vitiligo. Given that HMGBI levels are increased in the sera of patients with
vitiligo, especially those in the active progressive stage, the serum HMGBI level could be a promising biomarker for
distinguishing vitiligo from other noninflammatory depigmentation diseases (such as nevus anemicus and amelanotic
nevus) and for monitoring vitiligo activity.
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The pathogenic role of HMGBI1 in the occurrence and development of vitiligo may not be limited to oxidative stress-
associated mechanisms. T regulatory cells (Tregs) constitute a key mechanism in maintaining peripheral self-tolerance
through the control of autoreactive lymphocyte activation and the prevention of harmful effects of such activation.”*
Local Treg deficiency has been observed in the skin of subjects with vitiligo within lesional, nonlesional and perilesional
sections, triggering the destruction of melanocytes and the development of vitiligo, and supplementing peripheral skin
Tregs can provide protection against depigmentation.”>"’® Extracellular HMGBI exacerbates autoimmune progression
and the recurrence of type 1 diabetes by impairing Treg stability and function via regulating RAGE/TLR4-dependent
PI3K—Akt-mTOR signaling.”” HMGB1 may play a critical role in immunological self-tolerance breakdown, which leads
to aberrant immune responses to melanocytes.

Autoreactive CD8+ T cells are the major suspects considered to be responsible for the destruction of melanocytes.
MSCs suppress the proliferation of CD8+ T cells via the natural killer group 2D (NKG2D) pathway to induce T-cell
apoptosis. MSC therapy has also been shown to stimulate the mobilization of healthy melanocytes, leading to the
successful repigmentation of skin lesions in patients with vitiligo.”* HMGBI not only induces the RAGE-dependent
recruitment of monocytes and immature dendritic cells, directing cellular responses toward inflammation and an immune
response, but also inhibits the hepatocyte growth factor (HGF)-driven migration of MSCs, thereby possibly preventing
their immunosuppressive influence at sites of tissue damage when both apoptotic and necrotic cell deaths coincide. Thus,
HMGBI1 may also be involved in different stages of the autoimmune response to vitiligo, from recognizing autoantigens
to adapting to and regulating the immune response.

HMGBI may be the forefront and an important target for the treatment of vitiligo, bringing new hope for the
treatment of vitiligo.

Studies have found that inhibiting the secretion and expression of HMGBI1 has protective effects on diabetes and
stroke. Blocking the expression, release and translocation of HMGBI1 can downregulate the neuroinflammatory response
and improve the permeability of the blood-brain barrier, thus alleviating the early brain injury (EBI) induced by
subarachnoid hemorrhage (SAH).”® Systemic application of an anti-HMGB1 monoclonal antibody was shown to have
a neuroprotective effect on elderly rats undergoing major surgery to prevent memory impairment and anxiety after the
operation.*” HMGBI antagonists and anti-RAGE monoclonal antibodies have also made good progress in the treatment
of sepsis. Recent studies have shown that blockade of HMGB1 attenuates disease severity in animal models of skin
diseases.®?’ Meanwhile, the number of HMGB -oriented pharmacological agents is rapidly expanding, and many of these
agents are currently in advanced stages of preclinical and clinical trials and are promising experimental therapeutics.
Moreover, these agents have acceptable toxicity and topical application prospects.®* Based on the important role of
HMGBI in the pathogenesis of vitiligo, drugs targeting HMGBI1 for the treatment of vitiligo need to be identified.
Investigating the various effects of HMGB1 on melanocytes can be extremely valuable for enhancing our understanding
of vitiligo and developing new therapeutics.
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