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ABSTRACT

High-mobility group box 1 protein (HMGBI1) is a multifunctional protein originally identified as a nuclear
transcription modifier. Two pathways are leading to HMGBT release to the extracellular space i.e. active secretion
triggered by noxious stimulation and passive leakage due to necrotic membrane damage. Binding with receptors
for advanced glycation end products (RAGE) as well as Toll-like receptor 2 (TLR2) and TLR4 leads to nuclear
factor kB (NF-xB) activation and proinflammatory reaction in target cells. Secretion of cytokines, upregulation
of adhesion molecules and chemoattraction are triggered by the extracellular HMGB1. Such ubiquitous and
numerous protein plays a role in pathogenesis of many common diseases like sepsis, rheumatoid arthritis and
pneumonia. Central nervous system (CNS) disorders are also mediated by HMGB1. Multiple studies highlight
pivotal role of HMGBT in acute pathologies of CNS like cerebral ischemia, aneurysmal subarachnoid hemorrhage
as well as chronic degenerative disorders such as Alzheimer’s disease and multiple sclerosis. Wide range of HVIGB1
antagonists are currently investigated as novel therapeutic agents in sepsis, colitis and stroke. This review article
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provides basic information about HMGBT protein and its role in the pathogenesis of CNS diseases.
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Introduction

High-mobility group box 1 (HMGBT) is a multifunc-
tional protein and a promising target for new thera-
pies. Novel discoveries in this field are gradually trans-
lated into clinically useful tools. At Poznan University
of Medical Sciences Department of Neurosurgery,
HMGBT protein levels and its prognostic potential in
subarachnoid hemorrhage patients is currently investi-
gated. Dynamic development of proteomics and mini-
mally invasive brain monitoring will allow us in the
future to routinely identify entire proteome (set of pro-
teins) of cerebrospinal fluid in order to accurately pre-
dict treatment outcome [1]. Every cell nucleus in our
body consists of 5x10° copies of HMGB1 [2]. Loosely
bound to the chromatin, HMGBT1 is modifying tran-
scription of various genes i.e. for steroid hormones, p53
and nuclear factor kB (NF-xB) [3]. Knock-out rats die
shortly after the birth because of massive organ failure
and hypoglycemia [4]. HMIGB1 as a damage-associat-
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ed molecular pattern (DAMP) leak out to extracellular
space during necrosis to initiate immune response as
well as repair processes. It was found that HMGBT work
as a chemoattractant and mitogen [5]. Second release
pathway was found in the stimulated immunological
cells (macrophages, monocytes), which are capable of
active secretion of HMGB1 [6]. Discovery of HMGBI1
involvement in pathogenesis of such common diseases
like rheumatoid arthritis, sepsis, pneumonia and isch-
emic stroke demonstrates plurality of functions carried
out by this protein [7].

Material and methods

A systematic review of PubMed and Scopus databases
was carried out according to keywords: HMGBI1, high
mobility group box 1, central nervous system inflam-
mation diseases. Articles were selected based on their
accuracy and informative character.



The history of HMGBT

HMGBT was first identified in 1973 as a nuclear pro-
tein by Johns and colleagues [8,9]. This most numer-
ous protein in the nucleus was firstly named HMGT,
because of its affiliation to high mobility group (HMG)
protein family. All its members have in common rap-
id migration in electrophoretic polyacrylamide gel
[10]. HMGBT coding gene is located on chromosome
13 [11]. Nomenclature revision was carried out in
2001 and new name (HMGBT) was established [12].
In 1991 Heikki Rauvala and colleagues have discov-
ered membrane-bound protein form involved in neu-
rite out growth promotion during fetal central nervous
system (CNS) development [13]. Wang and colleagues
carried out another significant research in 1991 iden-
tifying HMGB1 as a late cytokine mediator of sepsis.
Moreover, administration of neutralizing anti-HMGBI1
antibodies significantly improved survival in mice [6].
These discoveries triggered great interest to further
investigate HMGB]1 protein.

The structure of HMGB1

HMGBT is a 25 kDa protein of 215 amino acids (Figure
1). It consists of 2 homologous, helical and positively
charged, DNA-binding domains, namely A box and B
box. Both of them are partially covered by a negatively
charged acidic tail composed exclusively of glutamic
and aspartic acids [7]. In the extracellular space B-box
is essential to initiate inflammatory mediator produc-
tion [14]. On the other hand, A-box is an antagonist
of B-box [15]. Both domains appeared early in phylog-
enies, probably even before animalia and plantae king-
doms split, which means HMGBT1 is an evolutionary old
invention [16]. Numerous acetylation and phosphory-
lation sites were identified in HMGB1. Some of them
are located in nuclear localization signals (NLS), amino
acids sequences responsible for nuclear localization of
protein [17]. During programmed cell death - apopto-
sis HMGB1 is also released, but oxidation of cysteine

NLS1(27-43aa)

NH,

1 7989 Cys106

in position 106 prevents it from receptors binding and
unnecessary immune system activation [16].

HMGBT1 is released during sudden or programmed

cell death

Thanks to Wang and colleagues we know that extra-
cellular HMGBT can initiate immunological response
in surrounding cells [6]. There are two major pathways
leading to HMGBT1 release (Figure 2). First, common
for all nucleated cells, is a passive leakage of protein
caused by cell membrane damage during necrosis. This
pathway is characteristic for endogenous damage-asso-
ciated molecular pattern molecules (DAMPs) and can
initiate sterile inflammation around necrotic tissues i.e.
in ischemic stroke [18]. Second pathway of HMGBI
release is an active secretion from immunological cells
(macrophages, neutrophils, microglia) but also from
other types of cells (endothelium, astrocytes). This path-
way is activated in infectious inflammation i.e. sepsis,
where HMGB1 release is triggered by LPS stimulation
[19]. It turned out that HMGB1 released passively and
actively vary in structure, the actively secreted protein
undergoes acetylation and phosphorylation prior to
release, while the passively leaked out protein is non-
modified [20]. LPS stimulation is activating cytosolic
enzymes responsible for these modifications. Constant
circulation of HMGB1 between nucleus and cysto-
sol (with strong nuclear predominance) is interrupted
and HMGBT is redirected to the extracellular space.
Modified by activated enzymes, HMGBT is secreted in
unique fashion by secretory lysosomes [17]. Extracellu-
lar HMIGB1 binds with the three main types of recep-
tors i.e. receptor for advanced glycation end products
(RAGE), Toll-like receptor 2 (TLR2) and Toll-like recep-
tor 4 (TLR4) [21]. RAGE receptor is expressed on sur-
face of macrophages, monocytes, microglia, neural and
endothelial cells [22]. These types of cells are numer-
ously represented in CNS. Binding of HMGB1 and other
ligands to RAGE receptor, like S100 protein family mem-
bers, results in chemoattraction, growth stimulation,
immune cell differentiation and increased expression of
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Figure 1. The structure of HMGBI. HMGBT is a protein of 215 amino acids organized in two positively charged
DNA binding domains (the A and B boxes) and a negatively charged acidic C-terminal tail composed of the aspartic
and glutamic acids. The two nuclear localization signals susceptible to posttranslational modifications are also
depicted. HMGBI receptors binding affinity depends on oxidation of cysteine in position 106. Abbreviations: aa,

amino acid; NLS, nuclear localization signal
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Active secretion

Proinflammatory reaction

Figure 2. Major HMGBI release pathways, target receptors and triggered reactions. Active secretion of HMGBI
from immunological (macrophages, neutrophils, microglia) and other types of cells (endothelium, astrocytes) is
triggered by infectious as well as sterile stimulants (DAMP). Passive leakage of protein is caused by cell membrane
damage during necrosis. Binding with three main receptors (RAGE, TLR2 and TLR4) leads to secretion of proinflam-
matory cytokines (Il = 1B; TNFa), upregulation of adhesion molecules, metalloproteinases (MMP-9) and nitric
oxide synthase. All those reactions are mediated by activated nuclear factor xB. Abbreviations: DAMP, damage-
associated molecular patterns; RAGE, receptor for advanced glycation end products; TLR, Toll-like receptor; I,
interleukin; TNF, tumor necrosis factor; MMP, matrix metalloproteinase; NF-«B, nuclear factor kappa B; iNOS,

inducible nitric oxide synthase

RAGE and TLR2 receptors [23]. Toll-like receptors are
pivotal for innate immunity. They recognize pathogens
associated molecular pattern molecules (PAMPs). Their
activation leads through NF — «B pathway to cytokine
production and cell activation [24]. Inside nucleus
HMGBT carry out structural functions. Along with his-
tone H1, HMGB1 regulates access to the genetic mate-
rial and expression patterns of proteins [25, 26].

HMGBT1 in central nervous system

HMGB1 is mainly investigated for its damaging impact
on CNS, but this protein also mediates physiologi-
cal processes in brain tissue. HMGB1 was found to
be essential for proper forebrain development in rats.
Interactions between HMGB1 and RAGE receptors are
crucial for axonal sprouting and neurite out growth
[13]. On the other hand, intraventricular injection of
HMGBI in rats causes general sickness syndrome mani-
fested by fever, allodynia, change in animal behavior
and weight loss due to anorexia [27]. Increase of inter-
leukin — 1B (II-1B) and tumor necrosis factor o (TNF-o.)
concentration in brain tissue is another consequence
of HMGB1 administration [28, 29]. HMGBT takes part
in pathogenesis of many neurological disorders. Most
common of all CNS pathology, ischemic stroke is exten-
sively investigated for HMIGB1 involvement. In primary
cultures of mouse neurons and glia cells, HMGB1 was
found to promote chronic neuroinflammation mediated
by NF — kB pathway. Same cell cultures under glucose
and oxygen deprivation release HMGBT to the extracel-
lular space [30]. Increased level of HMGBT, leaked out
form dying cells, was found in rats cerebrospinal fluid
and plasma as well as in stroke patients plasma [31,
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32]. Also, HMGB1 promotes glutamic acid (excitatory
neurotransmitter) release from gliosomes as well as
sensitizes neurons to the glutamate mediated injury in
vitro [30, 33]. Glutamate in high concentration causes
uncontrolled calcium influx to neurons and protease,
nuclease and phospholipase activation. This process
called excitotoxicity is crucial for ischemic stroke patho-
genesis [34]. Immune residual cells of CNS — microglia
are considered to be the main source of proinflamma-
tory cytokines released during ischemia. HMGB1 was
found to trigger synthesis of matrix metalloproteinases
(MMPs) and nitric oxide [35, 36]. Also astrocytes, acti-
vated by HMGBI, secrete inflammatory mediators i. e.
TNF-a [32, 37, 38]. CNS is supplied by a dense system
of blood vessels. Endothelial cells respond to HMGBI1
stimulation by enhanced expression of intracellular
adhesion molecule 1 (ICAM-1), vascular cell adhesion
molecule 1 (VCAM-1) and E-selectin. This process pro-
motes transendothelial migration of inflammatory cells
and blood-brain barrier leakage [39]. Macrophages
located around vessels and inside meninges respond
to HMGB1 stimulation in the same fashion as micro-
glia cells i.e. by producing proinflammatory cytokines,
proteolytic enzymes and migration towards increas-
ing HVIGB1 concentration [40]. HMGBT is involved in
pathogenesis of chronic diseases like Alzheimer’s dis-
ease (AD). High concentration of this protein was found
in hippocampus in AD animal model. Combination of
HMGB1 with B-amyloid prolongs lysis of beta amyloid
[27]. Elevated HMGBT1 levels in serum and cerebro-
spinal fluid were found among patient suffering from
meningitis [41], subarachnoid hemorrhage [42, 43] or
CNS trauma [44].



HMGBT1 in therapy

There are two main directions in therapy targeting
HMGBI, prevention of protein release from cell or block-
ade of HMGBT1 binding with receptors. According to those
two pathways, therapeutic agents may be divided into
two groups. Inhibition of active secretion is characteristic
for ethyl pyruvate, epigallocatechin gallate (EGCG) and
oxaliplatin [45, 46]. Second and more numerous group
of binding inhibitors include one of HMGB1 domains
(A box), which is antagonistic to proinflammatory B box.
Other members of this group are the soluble version of
RAGE receptor (sSRAGE), glycyrrhizic acid, simvastatin
and atorvastatin [23]. Apart from CNS diseases, HMGBT1
targeting therapies are already investigated in treatment
of septic shock. Main advantage of anti-HMGB1 agents
in treatment of this condition is their delayed administra-
tion [47]. Also recombinant A box, anti-RAGE antibod-
ies as well as EGCG were proposed as effective agents
in combating this lethal disease in animal model [48].
Ethyl pyruvate administration ameliorated colitis in mice
and reduced intestinal cytokine production [49]. Single
injection of cisplatine prevented HMGBT1 secretion and
caused transient symptom amelioration in collagen type
Il inducted arthritis (@animal model of human rheumatoid
arthritis) [45]. CNS diseases therapy is mainly focused on
ischemic stroke. After inhibition of HMIGB1 expression or
by HMGBT1 neutralization with antibodies, reduction of
stroke tissue area was achieved in rats brain [50]. Also
atrovastatin administration was found to be efficient in
necrosis prevention [51]. Therapy with anti-HMGB1 anti-
bodies was investigated in traumatic brain injuries [52].
The same agent was used efficiently in experimental
treatment of multiple sclerosis in animal models. Ame-
lioration of symptoms and slower progression of disease
was achieved [53].

Conclusion

HMGBT is an abundant and multifunctional protein
strongly involved in both acute and chronic inflam-
mation. Location and posttranslational modifications
of this protein determine its function. HMIGB1 may be
a structural nuclear protein or extracellular mediator
of sterile and infectious inflammation. Hopefully, the
knowledge we are now gathering will help us in the
future to design new therapies.
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