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Abstract:

Antimicrobial peptides (AMPs) are small proteins that protect against bacterial and fungal infections. Various
organisms, including plants, animals, and bacteria, produce them. The HMGB-1 (HMGB-1) protein is produced by
both immune cells and bacteria, and its main role is to facilitate the recognition of foreign agents, such as bacteria,
by the immune system. AMP can protect against infections by interacting with HMGB-1. This enhances their

protective capabilities and reduces inflammation associated with bacterial infections.
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1. INTRODUCTION

Bacterial infections have a significant impact on the
health of the general population. Infections can cause
severe illness and even death, so it's crucial to identify and
treat harmful bacteria promptly and efficiently [1]. Cells or
tissue secrete a molecule called an antimicrobial peptide
(AMP) that plays a crucial role in the immune system.
Previous research has identified AMPs for their
antimicrobial properties, with some even demonstrating
antiparasitic or antiviral effects [2]. There are three known
classes of AMP in humans: defensin, histatin and
cathelicidin. Only one type of cathelicidin exists, and
multiple defensins have been identified [3, 4].

It is essential to mention that previous studies have
proven the significance of antimicrobial peptides in
fighting bacterial infections. Previous research has shown
that increasing the level of cathelicidin in the body can
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successfully treat the symptoms of cystic fibrosis, notably
the inability to eliminate microbes in the airway surface
fluid. Further research has revealed that this approach
may also be utilized to treat lung infections caused by
Pseudomonas aeruginosa in mice [5]. Current studies and
trials have reported using exogenous AMP for ocular
treatment [6]. Furthermore, a study was done on

mice genetically modified to produce porcine cathelicidin.
The study showed that these mice were more resistant to
skin infections caused by group A Streptococcus [7].

High Mobility Group Box-1 (HMGB-1) is a nuclear
DNA-binding protein. HMGB-1 is one of the Damage
Associated Molecular Patterns (DAMPs) that activates the
innate immune system and is part of the High Mobility
Group family [8]. This molecule plays a crucial role in
inflammation, immunity, cell growth, proliferation, and
cell death. HMGB-1 molecule activates cytokines and
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chemokines via RAGE (Receptor for Advanced Glycation
End product) and toll-like receptors, including Toll-like
Receptor 2 (TLR2), Toll-like Receptor 4 (TLR4), and Toll-
like Receptor 9 (TLR9). It subsequently triggers late
signaling pathways such as nuclear factor kappa p (NFkp),
interferon regulatory factor-3 (IRF3), and phosphatidy-
linositol 3-kinase, which induce the production of proin-
flammatory cytokines by macrophages, including Tumor
necrosis factor a (TNF «), interleukin 1 (IL-1), and inter-
leukin 6 (IL-6) [9].

AMPs not only protect against bacterial infections, but
they also could reduce inflammation by interacting with
other molecules, such as HMGB-1. Previous research
showed that upon stimulation with lipopolysaccharides
(LPS), HMGB-1 is released from cells. However, this
process can be suppressed by CAPl1 (cationic
antimicrobial polypeptide with 11-kDa), a member of
cathelicidin. CAP11 has been found to inhibit the binding
of LPS to target cells, which prevents the release of
HMGB-1 and necrotic cell death [10, 11]. The study
reviewed the biological features, immunological roles, and
experimental reports of HMGB-1 and AMPs on bacterial
infection using electronic databases, including PubMed,
Google Scholar, and Scopus, from years 2000 to 2023.

2. ANTIMICROBIAL PEPTIDE (AMPs)

Antimicrobial Peptide (AMP), also known as Host
Defense Protein, can directly kill bacteria, viruses, fungi,
and parasites, making it a vital part of the body's defense
mechanism against microbes [2, 12].

2.1. Types of AMPs and their Functions

AMPs are key components of the innate immune
system. They are categorized into three groups: Defensins
(alpha, beta, and theta types), Histatins (mostly found in
saliva), and Cathelicidin [3, 4, 13]. The types of AMPs dan
their roles in the immune system are shown in Table 1.

Defensins are antimicrobial peptides expressed by
human epithelial and blood cells. They have broad
antimicrobial activity and are categorized into two
families: a and B-defensins based on cysteine location and
disulfide-bridge pattern. o-defensins are prominently
expressed by Paneth cells in the small intestine and
neutrophils, while pB-defensins are more abundantly
expressed by various blood and epithelial cells [14].
Histatins are small peptides in human saliva that are rich
in histidine. They adopt a random coil conformation in
aqueous solvents and an a-helix conformation in non-
aqueous solvents [15]. Cathelicidin is a molecule that
takes a random coil shape in a hydrophilic environment
and forms an alpha-helix structure in a hydrophobic
environment. It is derived from the C-terminal end of the
human CAP18 protein through a proteolytic process [16].

2.2. Mechanisms of Action of AMPs Against Bacterial
Pathogens
Cathelicidin or LL-37 promotes neutrophil recruitment

and the chemotaxis of other cells, notably monocytes/
macrophages, to the site of infection by releasing
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numerous cytokines/ chemokines. Keratinocytes secrete
cathelicidin, which promotes wound healing. Cathelicidin
also contributes to direct and indirect killing by activating
autophagy and boosting monocyte /macrophage matu-
ration. Meanwhile, defensins have both direct and indirect
lethal effects, interacting with various target cells and
tissues to affect inflammation, immune cell recruitment,
and the activation and maturation of various immune cells
[33]. Antimicrobial peptides function by changing the
permeability of the bacterial cell membrane. This process
is a crucial step in the antimicrobial action and
cytotoxicity caused by antimicrobial proteins. This
mechanism inhibits bacteria’ RNA, DNA, and protein
production, decreasing bacterial viability [34].

Cathelicidin or LL-37 promotes neutrophil recruitment
and the chemotaxis of other cells, notably monocytes/
macrophages, to the site of infection by releasing
numerous cytokines/chemokines. Keratinocytes secrete
cathelicidin, which promotes wound healing. Cathelicidin
also contributes to direct and indirect killing by activating
autophagy and boosting monocyte/macrophage
maturation. Meanwhile, defensins have both direct and
indirect lethal effects, interacting with various target cells
and tissues to affect inflammation, immune cell
recruitment, and the activation and maturation of various
immune cells [33]. Antimicrobial peptides function by
changing the permeability of the bacterial cell membrane.
This process is a crucial step in the antimicrobial action
and cytotoxicity caused by antimicrobial proteins. This
mechanism inhibits bacteria’ RNA, DNA, and protein
production, decreasing bacterial viability [34].

3. HIGH MOTILITY GROUP BOX-1

3.1. Overview of HMGB-1 and its Roles in the
Immune Response

HMG, High Mobility Group proteins bind to
chromosomes and play a critical role in transcription,
replication, recombination, and DNA repair. They are
divided into three families based on their functional
domains: HMGA, which has an adenine-thymine domain;
HMGB, which has an HMG-box domain; and HMGN, which
has a nucleosomal binding domain [35]. HMGB protein
plays a crucial role in all DNA-related processes in
humans. There are three families of HMGB, namely
HMGB-1, HMGB-2, and HMGB-3. HMGB-1 is typically
found in the nucleus and is excreted into maturity. In
contrast, HMGB-2 and HMGB-3 are only excreted during
embryogenesis. HMGB-2 mainly focuses on the lymphoid
organs and testes during embryogenesis, while HMGB-3 is
evenly distributed throughout the body [8, 36].

HMGB-1 is a protein that binds to nuclear DNA and is
known as a part of the Damage Associated Molecular
Pattern (DAMP). It has been identified as a critical signal
that contributes to necrotic-related inflammation. This
protein regulates inflammation, particularly in response to
microbial infections [37]. HMGB-1 has three nuclear
forms: cytosol/cytoplasm and extracellular. The nuclear
form of HMGB-1 plays a crucial role in various DNA
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Table 1. Antimicrobial peptides’ roles in the immune system.

Antimicrobial Peptides

Roles in the Immune System/Refs.

o Defensin

* Degranulate mast cells [17]
¢ Antimicrobial [18]

* Block LPS binding [19]

* Chemotactic activity [20]

* Immunoadjuvant [21]

B Defensin

* Antimicrobial [18]
* Degranulate mast cells [22]
* Chemotactic activity [23]

* Immunoadjuvant [24]

Theta Defensin ¢ Antimicrobial [25]

* Suppression proinflammatory signals [26]

Histatin ¢ Antimicrobial [27]
* Antifungal [28]

Cathelicidin ¢ Antimicrobial [29]

* Chemotactic activity [30]

* Degranulate mast cells [30]

* Activation of reepithelization [31]

* Regulation of dendritic cell differentiation [32]

Table 2. HMGB-1’s roles in the immune system.

HMGB-1’s Roles in the Immune System Refs.

¢ Inducing VEFG, MMPs and PDGF [40]

* Promoting cell proliferation [41]

¢ Inducing lymphangiogenesis angiogenesis [42]

* Inducing secretion of cytokines [43, 44]
* Regulating autophagy and apoptosis [45, 46]
* Antibacterial [47]

activities, including replication, repair, recombination,
transcription, and genomic stability [8]. HMGB-1 is a DNA-
binding protein found in most cell types. It has a positively
charged HMG box and a negatively charged chain of
aspartic and glutamic acid residues. HMGB1 stabilizes
nucleosome structure and regulates gene expression in
the nucleus [38].

HMGB-1 gene on chromosome 13ql2 has six
polymorphic loci. HMGB-1 protein has a molecular weight
of 25-30 kDa. It comprises 250 amino acids in three
structural domains containing 2 DNA-binding domains
(box A and box B) and an acid C-terminal end. Box A
induces anti-inflammatory effects, while box B facilitates a
proinflammatory response and has two binding sites for
TLR4 and RAGE [39]. HMGB-1 protein has two domains, A
and B. The domain A helps HMGB-1 bind to damaged DNA
and acts as an antagonist, providing anti-inflammatory
effects. The heparin-binding domain and thrombin
mediated cleavage site also have similar effects. The box
domain B is associated with cytokine activity and is
stimulated by the release of TNF a and other
proinflammatory cytokines in macrophages. It also helps
the DNA binding. The TLR4 and RAGE binding sites are
crucial for activating cytokine release in macrophages.
Meanwhile, the acidic tail acts for antibacterial activity
[39] (Table 2).

3.2. HMGB-1 as a Damage-associated Molecular
Pattern (DAMP)

HMGB-1 is signaling cellular damage or stress to the
immune system. Its release triggers immune responses,
such as inflammation and recruitment of immune cells,
vital for combating threats and initiating tissue repair
processes [48]. DAMPs, also known as alarmins or
endogenous molecules, are signals of alarm and danger
released by cells in response to danger or stress and have
a main role in the nucleus [49]. HMGB-1 is involved in
tissue regeneration and inflammation, dependent on
necrotic cells that release it as a chemotactic stimulus for
cells expressing receptors activated in the inflammatory
response [50]. It also induces the secretion of proinflam-
matory cytokines by immune cells [51].

3.3. HMGB-1 Release in Response to Bacterial
Infection

HMGB-1 is secreted via active or passive mechanisms.
Active secretion occurs when immunocompetent cells
undergo post-translational modifications such as
acetylation, phosphorylation, methylation, and redox
changes. Passive secretion is mediated by necrotic and
apoptotic cell death. HMGB-1 secretion leads to
inflammation [39]. HMGB-1 activates NF-xp by interacting
with RAGE, TLR2, TLR4, and TLR9 [52]. Its interaction
with LPS, LTA, and CpG enhances TLR-mediated
signaling, producing proinflammatory cytokines. It also
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induces chemotaxis and inflammatory cell recruitment by
interacting with CXCL12, which binds to CXCR4 [39].
Additionally, HMGB1-RAGE interaction contributes to the
activation of ERK1/2 and JNK caused by viral infection
[53].

The interaction of HMGB-1 with LPS from bacteria
activates various proinflammatory genes. HMGB-1 is
produced by living and dead cells in various tissues, and
its secretion induces various proinflammatory cytokines,
promoting the chronic inflammatory process. HMGB-1
secretion is also a late-phase mediator of inflammation
induced by early proinflammatory cytokines and triggers
immunosuppressive and pathological effects that follow
the subsequent release of cytokines during infection [44,
54].

Several researchers have examined HMGB-1 levels in
infection. HMGB1 was previously identified as a late
mediator of sepsis in animal models of systemic
endotoxemia [55]. Previous clinical studies have found
higher levels of HMGB-1 in infected patients, especially
those with pneumonia and peritonitis, compared to healthy
individuals. HMGB-1 levels were also higher at the site of
infection and even higher in patients with severe sepsis
[56, 57]. Meanwhile, another study found no correlation
between HMGB-1 and the progression or inflammation
status of non-tuberculous mycobacterial (NTM) lung
disease and reported lower levels of HMGB-1 in
pulmonary TB patients [54].

4. EXPERIMENTAL STUDIES AND FINDINGS: AMP-
HMGB-1 INTERACTION IN THE CONTEXT OF
BACTERIAL INFECTION

A previous in vitro study showed that Lipopoly-
saccharide (LPS) induces caspase 3 activation and the
release of lactate dehydrogenase (LDH) and HMGB-1 from
murine macrophage cells. This study also indicated that
CAP11 (a cationic antibacterial polypeptide) can inhibit
LPS binding to target cells, suppressing the release of
HMGB-1 and necrotic cell death [10]. Furthermore, CAP11
may protect against endotoxin shock by suppressing septic
mediators produced and released by CD14-positive cells
by inhibiting LPS binding to targets [11].

Previous in vivo reports provided interactions between
AMP and HMGB-1 in infection from a study using a mouse
model treated with LL-37 and HMGB-1. The study findings
indicated a relationship between LL-37 and HMGB1. Both
were associated with increased chemokine levels in lung
tissue homogenates in both mice, resulting in reduced
lung tissue regeneration. In a sepsis model, mice
administration of LL-37 inhibited the increase of HMGB-1
levels both in peritoneal fluids and plasma. Another study
reported an interaction between LL-37 and HMGB-1 using
cystitis model mice. This study suggested that LL-37
induces cystitis, and HMGB1, a common RAGE ligand, is
involved in this inflammatory process [58-60].

Meanwhile, in clinical studies, LL-37 and HMGB-1 are
known ligands of the RAGE receptor. It was demonstrated
in a study with patients with COPD that reported elevated
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both LL-37 and HMGB-1 levels in serum during
exacerbation. Another previous study found higher levels
of HMGB-1 and Human-beta defensin 3 (HBD3) in acute
sepsis patients. Recently, a study showed that severe
COVID-19 patients have higher levels of circulating NE-
DNA, HMGB1-DNA, and LL-37-DNA complexes. HMGB-1
aids in the secretion of inflammatory cytokines, and LL-37
contributes to cytokine storm induction in COVID-19.
These findings suggested that HMGB-1 and LL-37
circulating complexes could exacerbate inflammatory
responses in severe cases of COVID-19 [55, 61, 62].

5. FUTURE DIRECTIONS AND CHALLENGES

Antimicrobial peptide and HMGB-1 pathways play
significant roles in inflammation. AMPs are involved in
regulating levels of chemokines. They can suppress the
release of HMGB-1 from cells stimulated by
Lipopolysaccharide (LPS), highlighting its potential use in
managing conditions where HMGB-1 is overexpressed,
such as in cases of inflammation or infection. In the
context of antimicrobial strategies, exploring the AMPs
and HMGB-1 pathways could be useful as potential targets
for drug development.

CONCLUSION

The interaction between AMPs and HMGB-1 is an
important factor to fight against bacterial infection. By
binding to HMGB-1, AMPs can enhance their protective
capabilities and reduce inflammation associated with a
bacterial infection. This interaction is essential to fight
against bacterial infections and will continue to be studied
in the future.

LIST OF ABBREVIATIONS

AMP = Anti-Microbial Peptide

HMGB-1 = High Mobility Group Box-1

DAMP = Damage Associated Molecular Patterns

RAGE = Receptor for advanced glycation end
product

TLR2 = Toll-like Receptor 2

TLR4 = Toll-like Receptor 4

TLR9 = Toll-like Receptor 9

IRF3 = Interferon regulatory factor 3

TNF-a = Tumor necrosis factor o

IL-1 = Interleukin 1

IL-6 = Interleukin 6

NFkB = Nuclear factor kappa p

LPS = Lipopolysaccharides

CAP11 = Cationic antimicrobial polypeptide with 11-
kDa

LTA = Lipoteichoic acid

LDH = Lactate dehydrogenase

CXCL12 = C-X-C motif chemokine ligand 12
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CXCR4 = C-X-C motif chemokine receptor 4
COPD = Chronic Obstructive Pulmonary Disease
HBD3 = Human-beta defensin 3
COVID-19 = Coronavirus Disease 2019
VEFG = Vascular endothelial growth factor
MMPs = Matrix metalloproteinases
PDGF = Platelet derived growth factor
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