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Abstract  

High Motility Group Box 1 (HMGB1) is a protein that is expressed constitutively in almost all 

cell types. In response to microbial infection, HMGB1 is secreted from activated immune cells to 

regulate inflammation.  

Background and aim: Here we review different mechanisms by which some herbal components 

inhibit the action or secretion of HMGB1 such as by modulating inflammatory activation, 

autophagic degradation, or endocytic uptake. Given the reciprocal interactions between these 

cellular processes, we can develop effective herbal therapies for clinical management of 

inflammatory diseases, one of which is typhoid fever caused by typhoid salmonella. The 

formation of HMGB1 as a mediator of various inflammatory diseases has prompted the search 

for inhibitors that can reduce HMGB1 secretion. In this study, researchers will side with the 

effects of sapodilla extract (Achras zapota L) in inhibiting HMGB1 secretion and action and 

hope to develop a new HMGB1 therapeutic strategy for the treatment of typhoid fever. HMGB1 

will bind to various microbial products (eg CpG-DNA or LPS), thereby facilitating them to 

signal inflammation in case of infection or cell damage. HMGB1 specific antibodies are 

protective against ischemia / reperfusion, chemical toxicity, atherosclerosis, gastric ulcers, and 

hyperoxia. While the mechanism is different by which some herbal therapies effectively inhibit 

the active secretion of HMGB1 in hopes of increasing the inflammatory response.  

Conclusion: HMGB1 has an important role in the inflammatory process where HMGB1 will be 

interpreted by all cells damaged due to infection which are then passed on to TLR 4/2 which then 

activates inflammatory cytokines in inflation mediators to kill bacteria such as Salmonella typhi. 
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Introduction 
High Motility Group Box 1 (HMGB1) is a protein that is expressed constitutively in almost all 

cell types. In response to microbial infection, HMGB1 is secreted from activated immune cells to 

regulate inflammation. Here we review different mechanisms by which some herbal components 

inhibit the action or secretion of HMGB1 such as by modulating inflammatory activation, 

autophagic degradation, or endocytic uptake[1]. Given the reciprocal interactions between these 
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cellular processes, we can develop effective herbal therapies for the clinical management of 

inflammatory diseases, one of which is typhoid fever caused by typhoid salmonella. HMGB1 

Extracellular Role as Alarmin Once released, HMGB1 functions as an alarmin signal to alert, 

recruit, and activate immune cells. For example, it binds to various microbial products (eg, CpG-

DNA or LPS), then passes it to MyD88 and so on so as to make it easier for cell receptors to 

increase the inflammatory response[2]. 

HMGB1 (High Motility Group Box 1), evolutionarily using 30 kDa DNA binding protein, was 

then expressed in almost all cell types. The sequence (NLS), HMGB1 is transported into the 

nucleus by a nuclear import complex, which then retains it in the preformed protein. This carries 

two internal loops of positively charged domains ("HMG box 1" known as "HMGB 1" and 

"HMGB 2") at the N end and which has a continuous chain of negatively charged (aspartic and 

glutamic acid) residues at the C-terminus. This HHG box allows HMGB1 to bind to 

chromosomal DNA and fulfill nuclear functions in stabilizing the nucleosome structure and 

regulating mRNA expression[3]. Testing for local expression of HMGB1 makes animals 

susceptible to infection. Strengthens the beneficial role of intracellular HMGB1 in immunity 

against infection and injury. In response to infection and injury, however, HMGB1 is secreted 

from immune cells that are activated or released passively from injured cells. Excessive secretion 

or release of HMGB1 contributes negatively to the pathogenesis of infectious and painful 

inflammatory diseases.For example, in animal models of endotoxin or sepsis (induced by cecal 

ligation and prickling, CLP), HMGB1-neutralizing antibody increases survival and survival of 

mice from lethal sepsis even if given 24 hours after CLP[4]. 
The formation of HMGB1 as a mediator of various inflammatory diseases has prompted the 

search for inhibitors that can reduce HMGB1 secretion. In this study, researchers will side with 

the effects of sapodilla extract (Achras zapota L) in inhibiting HMGB1 secretion and action and 

hope to develop a new HMGB1 therapeutic strategy for the treatment of typhoid fever[5]. In 

response to microbial products (eg, ds-RNA, CpG-DNA, and endotoxins), macrophages / 

monocytes are secreted HMGB1 into the extracellular environment in a delayed manner[6]. 

Because it lacks a leader peptide sequence, HMGB1 cannot be actively secreted via the classical 

endoplasmic reticulum - the Golgi exocytotic pathway. Instead, these are first delivered 

cytoplasmic vesicles ("nucleus-to-cytoplasmic translocation") and then secreted into the 

extracellular environment[7]. 

Nucleus-to-cytoplasmic transcription is regulated by posttranslational modification (eg, 

acetylation or phosphorylation) of the NLS. For example bacterial endotoxins or 

proinflammatory cytokines (e.g., IFN) can activate the JAK / STAT1 signaling pathway and 

acetyl lysine residue within the NLS site, causing uptake of HMGB1 to become cytoplasmic 

vesicles[8]. Subsequently, the HMGB1 cytoplasm is secreted into the extracellular space partly 

via 1-mediated pyroftosis, a proinflammatory cell that is programmed to die in which activated 

macrophages rapidly release large amounts of cellular contents (including HMGB1 and 

cytokines such as IL-1β) extracellularly[9]. Indeed, the genetic pharmacological inhibition of 

caspase 1 disorders evenly reduced HMGB1 secretion[10]. 

Specifically, procaspase-1 forms a protein complex heteromer with adapter proteins (called 

apoptosis-associated proteins), NOD-like receptors (NLR, for example NLRP1, NLRP3, and 

NLRC4)[11]. The resulting proteincomplex, called the "inflammasome", is responsible for 
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cleaving procaspase-1 to produce caspase-1, which triggers inflammasome activation as well as 

pyroptosis. Inflammasome activation occupies an important role in the regulation of HMGB1 

secretion, because disruption of the genetic components of the inflammasome (eg, caspase 1 or 

Nalp3) completely blocks LPS / ATP-induced HMGB1 secretion. Recently, the double-bound 

RNA protein kinase (PKR) has been established as a major regulator of inflammasome activation 

and HMGB1 secretion[12]. 

Locating the three cysteine residues (C23, C45, and C106) that are redox-sensitive, HMGB1 can 

be modified into three isoforms called "HMGB1" (all-thiol form), "disulfide HMGB1" (partially 

oxidized), and oxidized HMGB1. HMGB1 "all-thiol" binds to other chemokines (eg, CXCL12) 

and stimulates leukocyte recruitment via the CXCR4 receptor. The "disulfide" HMGB1 can 

activate immune cells to produce cytokines / chemokines via TLR4 or other receptors such as 

RAGE, TLR2, TLR4, TLR9, differentiation group 24 (CD24) / Siglec-10, Mac-1, 

thrombomodulin, or a single transmembrane protein domain. Once fully oxidized, HMGB1 has 

no chemokine or cytokine activity[13]. Thus, HMGB1 could function either as a chemokine to 

stimulate leukocyte migration or as a cytokine for activating macrophages and endothelial cells 

producing more cytokines, chemokines, and adhesion molecules[14]. 

1. The Role Intracellular of Hmgb1 

HMGB1 is actually a small protein that locks the nucleosome making it easier for them to move 

around in the cell[15]. HMGB1 is the most mobile nuclear protein collection of HMGB1 which 

will easily explore the cell nucleus. Each nucleosome of each individual will be visited by 

HMGB1 on average every 2 seconds, and the HMGB1 protein will stay there for a fraction of a 

second[16]. This move ensures that HMGB1 will just 'wander' for a reasonable amount of time, 

do its job, and then leave. In a sense, HMGB1 can be considered a general lubricant for 

chromatin, or a 'chromatin chaperone' that uses no energy other than Brownian motion[17]. 

HMGB1 is characterized by an L-shaped fold, which is formed by three helical segments. 

HMGB1 will bind DNA exclusively through minor strands. HMGB1 produces specific changes 

in the structure of the target DNA. Amino acid sequencing in the helical region of the L-shaped 

HMGB1 will provide specificity in DNA binding, whereas the type of amino acid intercalation 

and the L-shaped fold angle will affect the rate at which DNA is released and bent[18]. The 

interaction between HMGB1 and its target is highly specific and is influenced by single point 

mutations[19]. 

 

 

 

 

 

 

 

Figure1. Role of intacellular and extracellular HMGB1[19] 
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Additional factors determining the binding specificity of this motif are the amino acid sequence 

adjacent to HMGB1 and the number of domains in the protein. The ability of HMGB1 to induce 

site-specific deformation of DNA is an important aspect of its biological function[20]. Properties 

of HMGB1's ability to recognize and bind to modified DNA conformations. All these 

characteristics allow HMGB1 to act within cells and bind to DNA, regulate transcription and 

determine chromosome architecture[21]. 

2. The Role of Hmgb1 in The Extracesslular 

One of the nuclear macromolecules, HMGB1, can move locations to the extracellular space, 

where they can activate immunity. HMGB1 acts as a strong cytokine and a signal in case of 

tissue damage, and therefore its release from HMGB1 must be tightly controlled. From this point 

of view, it is clear that apoptotic cells should not release HMGB1, because if apoptotic cells also 

release HMGB1 it can activate the same inflammatory response from necrotic cells, and if it does 

then the amount of HMGB1 is not. controlled instead will trigger inflammation[22]. 

 

 

                                     Figure 2. HMGB1 in bacterial inflammation[22] 

Therefore, secondary necrotic cells also do not broadcast HMGB1, so inflammation can be 

controlled. Some proteins are cleaved by caspases in apoptotic cells, but HMGB1 is not cleaved, 

HMGB1 also does not undergo other posttranslational modifications[23][24]. In contrast, 

HMGB1 binds tightly to the condensed chromatin of apoptotic cells. The analysis showed that 

the mobility of HMGB1 in apoptotic cells is essentially zero, that HMGB1 cannot diffuse from 

the remains of dead cells[25]. The apoptotic nucleus represents a sink for extracellular HMGB1: 

incubation of permeabilizing apoptotic cells with soluble recombinant HMGB1 results in 
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efficient binding of HMGB1 to chromatin[26]. Because HMGB1 is not chemically altered during 

apoptosis, it is the chromatin itself that is modified[27]. 

 

 

 

 

 

 

 

 

 

 

Figure 3. The Role of extracellular HMGB1[27] 

Extracellular HMGB1 is a proinflammatory cytokine / chemokine, where the immunological 

activity of HMGB1 is modulated by redox status in different ways, thereby facilitating the 

activation of leukocytes and producing a sustained inflammatory response. The role of 

extracellular HMGB1 is to serve as an alarm signal to alert, recruit, and activate immune cells. 

HMGB1 will bind to various microbial products (eg CpG-DNA or LPS), thereby facilitating 

them to signal inflammation in case of infection or cell damage[11][7]. HMGB1 specific 

antibodies are protective against ischemia / reperfusion, chemical toxicity, atherosclerosis, 

gastric ulcers, and hyperoxia. While the mechanism is different by which some herbal therapies 

effectively inhibit the active secretion of HMGB1 in hopes of increasing the inflammatory 

response[28]. 

3. Mechanism of Hmgb1 Immunity Response to Salmonella Thypii 
The immune response that occurs due to the invasion of Salmonella thypii bacteria as an antigen 

when it enters the body will be eliminated by neutrophils and macrophages as their role in the 

innate immune system. Macrophages can also act as antigen presenting cells (APC). Bacteria 

will be phagocytosed in macrophages and then recognized by major histocompatibility complex 

II (MHC II) and then presented in the form of peptide antigen. MHC II will then bind to T 
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lymphocytes. T lymphocytes have several surface molecules or clusters of differentiation (CD). 

The peptide antigen that has been presented by MHC II will bind to T helper lymphocytes (CD4) 

in the T Cell Receptor (TCR)[12]. The main mechanism of cellular immunity response of 

Salmonella thypii bacteria is local invasion resulting in intestinal toxicity. The general defense 

against the host is by opsonization by immunoglobulins and killed by phagocytes[29]. 

Macrophages are the main source of inflammatory cytokines which are responsible for the 

occurrence of gram-negative infections such as Salmonella thypii which are able to produce a 

systemic cytokine response[30]. 

 

        

 

 

 

 

 

 

Figure 4. Mechanisms for intracellular bacterial immune response[30] 

Dendritic cells and phagocytes that are activated by microbes secrete cytokines, which cause 

leukocyte infiltration to the site of infection so that the leukocytes engulf and destroy the 

bacteria[31]. In the early stages of infection, peptidoglycan as a component of Salmonella thypii 

bacteria causes the release of cytokines such as HMGB1, IL-6, and IL-1 as the main mediators of 

septic shock[32]. IFN-γ and IL-12 can also contribute to the development of infection. 

Macrophage stimulation by HMGB1, TNF-α, Interleukin, LPS and peptidoglycan will stimulate 

gene transcription which causes increased levels of NOS and Nitric OxydeSynthase (NOS). If 

NOS increases, NO secretion also increases[10]. The nonspecific immune response to 

intracellular bacteria consists primarily of phagocytosis and NK cells. Intracellular bacteria 

activate NK cells by stimulating the production of macrophages from IL-12[7]. 

Broke cells produce HMGB1which also activates macrophages and triggers bacterial 

phagocytosis. This nonspecific immune response can limit bacterial growth up to the seventh 

day. To overcome the infection requires an immune response that is mediated by the specific 

immune response after the seventh day[33]. 
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Figure 5. Specific immune response after exposure to antigens[33] 

The flavonoid compounds found in Sawo manila (Achras zapota L) can increase IL-2 activity 

and lymphocyte proliferation, which affects CD4 + cells and then causes Th1 cells to be 

activated[9]. Activated Th1 cells will affect HMGB1activating macrophages, thus experiencing 

increased metabolic, motility and phagocytic activity quickly and efficiently in killing 

pathogenic microbes[34]. Flavonoids as antioxidants directly by donating hydrogen ions so that 

free radical ions turn stable. The stable ionic state causes a decrease in the oxidative stress state 

in the tissue[35]. The mechanism of reducing oxidative stress in tissues is an anti-inflammatory 

mechanism of flavonoid compounds. This situation is responded to by the immune system by 

reducing Toll Like Receptor (TLR) signal transduction, so that it can reduce the stimulus of 

proinflammatory cytokines such as HMGB1[36]. 

Tumor necrosis factor alpha HMGB1is the main cytokine in the acute inflammatory response to 

Gram-negative bacteria and other microbes. Severe infections can trigger the production of large 

amounts of HMGB1 causing a systemic reaction[4]. HMGB1on historical grounds and to 

differentiate it from TNF-β and HMGB1main source lymphotoxins - which are mononuclear 

phagocytes and antigen-activated T cells, NK cells, and mast cells[37]. Lipopolysaccharide is a 

potent stimulation against macrophages to secrete HMGB1. HMGB1_ produced by T cells and 

NK cells also stimulates macrophages, among others, to increase HMGB1[38]. 

HMGB1 has several functions in the inflammatory process, which can increase the pro 

thrombotic role and stimulate adhesion molecules from leukocyte cells and induce endothelial 
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cells, play a role in regulating macrophage activity and immune response in tissues by 

stimulating growth factors and other cytokines, functioning as a regulator of hematopoietic and 

commitogen for T cells and B cells as well as neutrophil and macrophage cell activity[39]. 

HMGB1 also has additional beneficial functions including its role in the immune response 

against bacteria, viruses, fungi, and parasite invasion[7]. 

Almost all inflammatory processes result in activation of tissue macrophages and infiltration of 

blood monocytes. This activation causes many changes in cells, including the production of  

HMGB1, IL-1, and IL-6, which are cytokines that cause multiple effects on the host[40]. These 

effects include: 1) fever induction; 2) hepatic acute phase response accompanied by leucocytosis 

and production of acute phase proteins such as C-Reactive Protein (CRP); and 3) differentiation 

or activation of T cells, B cells and macrophages[7]. 

Conclusion 
High Motility Group Box 1 (HMGB-1) has an important role in the inflammatory process where 

if there is a bacterial infection that enters the host, HMGB1 will be interpreted by all cells 

damaged by the infection which are then forwarded to TLR 4/2 which will then be activating 

inflammatory cytokines on inflammatory mediators to kill infecting bacteria such as Salmonella 

typhi. 
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