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ABSTRACT 

        The aim of this study was to verify and compare RAGE and HMGB1 in healthy 

and inflamed human dental pulp tissues. 30 pulp samples were obtained from teeth 

having a clinical diagnosis of irreversible pulpitis (Inflamed pulp, N=15) and of 

impacted teeth or non-occluded teeth (Healthy pulp, N=15). Immunohistochemistry 

technique was used to detect expression of RAGE. Western blot analysis was used to 

detect both RAGE and HMGB1. Measurement of HMGB1 was by ELISA technique.    

        Immunostaining of specimens from inflamed pulp tissue showed that strong 

RAGE was primarily overexpressed and confined to the capillary endothelial cells, 

cell periphery of odontoblast, fibroblast, with occasional cytoplasmic staining from all 

subjects.  In contrast, healthy pulp tissue showed only faint RAGE expression in the 

capillary endothelial cells and fibroblast-like cells but not in the odontoblast cell layer. 

By western blot analysis, RAGE and HMGB1 is significantly increased in the pulp 

inflammatory tissues compared to the healthy tissues. By ELISA technique, the 

concentration of HMGB1 in the inflamed group was significantly higher than the 

healthy group (p<0.001).  

        The findings imply that continued expression of RAGE and HMGB1 following 

inflammation can act, at least in part, as an important amplification signal for 

progressive tooth destruction. 
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บทคัดยอ 
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CHAPTER I 

INTRODUCTION 

        Pain experience, normally conceived as a consequence of the disorders of the 

human body organs or systems, is considered a major public health problem (1). From 

an oral health perspective, untreated dental caries usually lead to a specific kind of 

pain, dental pain (2). It is known that such a phenomenon can affect people's daily 

lives (3), leading to sleep disorders, decreased work effectiveness, school absence, and 

avoidance of certain types of food (4, 5, 2). A large study was conducted to determine 

the reported incidence of orofacial pain. In Thailand, a cross sectional study of 12-

year-old children, found that experience of pain during the previous 12 mo was 

reported by 53% of 12-year-old of children (6). An estimated prevalence and 

distribution reported of orofacial pain in the United States (7) found that 21.8% of 

adults in the United States experienced orofacial  pain symptoms within 6 months 

before the study. The most common pain was toothache, which was estimated to occur 

in 12.3% of the population. In young male adults from southern Brazil, dental pain 

prevalence within 12 mo before the study was 21.2% (8). Similar results were found in 

Toronto, Canada, where dental pain prevalence reported in the previous four weeks 

was 18.0% among 14-20-year-olds of both sexes (9). The primary reason for avoiding 

dental treatment is fear, assessing by the need for anesthesia and sedation in the 

general population (10). Root canal treatment, in particular, is one of the most anxiety-

producing procedures in dentistry (11).  

        The dental pulp is endowed with a rich neurovascular supply that promotes the 

effects of inflammation and may lead to rapid degeneration and necrosis. Pain is the 

evoked potential in the tooth that initiate signals to the brain. The tooth is innervated 

by a large number of myelinated and unmyelinated nerve fibers. Regardless of the 

nature of the sensory stimulus such as thermal change, almost all afferent impulses 

from the pulp results in the sensory of pain. Painful pulpitis is likely to be associated 

with nociceptive C fiber activity. Pain associated with an inflamed or degenerated pulp 

may be either provoked or spontaneous. The hyperalgesic pulp may respond to stimuli 

that usually do not evoke pain, or the pain may be exaggerated and persist longer (12). 
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Converging evidence indicated that movement of fluid in the dentinal tubules is the 

basic event in the arousal of pain (13).  The severity of the clinical symptoms of acute 

pulpitis will vary as the inflammatory response increases. The degree of intensity of 

pain depends on the intensity of the intrapulpal pressure and the viability of peripheral 

sensory units. Unlike the pain of reversible pulpitis, this pain lingers after the external 

(primary) irritant has been removed. The pain of acute pulpitis is continuous or 

intermittent has periods. It is spontaneous pain because of the presence of necrotic 

tissue (the internal or secondary irritant), which further provokes and serves as a nidus 

for inflammation and the resultant ‘suprathreshold’ intrapulpal pressure increase. In 

the last few decades, studies have shown that numerous molecular mediators may act 

in synchrony to initiate, promote, or modulate the inflammatory response in the dental 

pulp. Many of these mediators tend to reduce the pain threshold, either directly by 

acting on peripheral nerve cells or through promoting the inflammatory process. 

Inflammatory mediators, such as histamines, bradykinin, prostaglandins, serotonins, 

substance P (SP), calcitonin gene-related peptides (CGRP), and leukotrienes can cause 

pain directly by activating or sensitizing pulpal  nociceptors (14,15). They also cause 

pain indirectly by initiating a series of inflammation events that increase vascular 

permeability, edema and increase intrapulpal pressure (16). Prostaglandin (17), the 

vasoactive amine bradykinin (18), neuropeptides such as substance P (19) were shown 

to be elevated in pulp diagnosed with painful pulpitis.  

        High mobility group box 1 (HMGB1) is an abundant and conserved nuclear 

protein that is released by necrotic cells and acts in the extracellular environment as a 

primary proinflammatory signal. Human microvascular endothelial cells also 

responded with up-regulation of adhesion molecules and production of 

proinflammatory cytokines upon HMGB1-stimulation (20).  HMGB1 itself induces 

the production of inflammatory mediators by macrophages and neutrophils. HMGB1 

is potent in stimulating the release of multiple proinflammatory cytokines, including 

tumor necrosis factor (TNF), interleukin-1alpha (IL-1α) , IL-1β, IL-6, IL-8, 

Macrophage Inflammatory Protein -1 alpha  (MIP-1 α), and MIP-1β (21). In response 

to HMGB1 stimulation, human microvascular endothelial cells increase expression of 

adhesion molecules (such as RAGE, intercellular adhesion molecule-1 [ICAM-1] and 

vascular adhesion molecule [VCAM-1]) (20), suggesting that  HMGB1 can propagate 
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an inflammatory response in the endothelium during infection or injury. Focal 

administration of HMGB1 in the region of the sciatic nerve induces dose-dependent 

unilateral and bilateral low threshold mechanical allodynia (22), suggesting a role in 

causing pathological pain during inflammation.   

        RAGE is a member of the immunoglobulin superfamily, and is expressed on 

mononuclear phagocyte, vascular smooth muscle cells and neurons (23, 24). RAGE 

interacts with a range of ligands, including advanced glycation end products (AGEs), 

HMGB1 and S100/calgranulins (25-27). RAGE converts acute cellular activation into 

a sustained cellular response. Activation of nuclear factor-kappaB (NF-κB)  by a 

variety of stimuli results in increased gene expression of NF-κB regulated genes. The 

RAGE promoter itself is controlled by NF-κB, and upregulation of the receptor 

provides an increasing number of binding sites for RAGE ligands such as AGEs, 

HMGB1, and S100/calgranulins. Ligand binding results in RAGE-dependent sustained 

NF-κB activation, which perpetuates the cellular inflammatory response (28). RAGE 

is a counter-receptor for leukocyte integrins (29) and plays a key role in the 

inflammatory process. RAGE is expressed at low levels in normal tissues and in the 

vasculature and becomes up-regulated in the diabetic vasculature or at other sites 

where its ligands accumulate (24). Increased RAGE expression has been shown in 

both endothelium and vascular smooth muscle cells from diabetic patients (30,31) and 

in macrophages from patients with renal failure and dialysis-related amyloidosis (32).  

Although RAGE and HMGB1 have been located in other human inflamed tissues, the 

existence of RAGE and HMGB1 in human inflamed dental pulp tissue has not been 

elucidated.  Thus, we investigated the expression of RAGE and HMGB1 associated 

with inflammation of human dental pulp tissues. 

 

 

 

 

 

 



Nuttavun Vechvongvan                                                                                                         Objectives  / 4 
 

 

CHAPTER II 

OBJECIVES 

 

        Although RAGE and HMGB1 have been located in other human inflamed tissue, 

the existence of RAGE and HMGB1 in human inflamed dental pulp tissue have not 

been elucidated.  The objectives of this study are: 

 

1. To verify RAGE and HMGB1 expression in dental pulp tissue. 

2. To compare RAGE and HMGB1 expression levels between healthy and    

     inflamed dental pulp tissues. 
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CHAPTER III 

LITERATURE REVIEW 

PART I 

PULPAL INFLAMMATION 
 

        The dental pulp is a loose connective tissue, and when injured, it responds with 

an inflammatory reaction. Inflammation is the protective response of tissues to injury.  

The purpose of an inflammatory response is generally to neutralize, dilute, destroy, or 

wall off the injurious agent, to prepare the area for the reparative process.  

 

Morphologic zones of the pulp (33) 

Odontoblast Layer 

         The outermost stratum of cells of the healthy pulp is the  odontoblast layer. This 

layer is located immediately subjacent to the predentin; the odontoblast process, 

however, passes through the predentin into the dentin. Consequently, the odontoblast 

layer is actually composed of the cell bodies of odontoblasts. In addition, capillaries, 

nerve fibers, and dendritic cells may be found among the odontoblasts. 

 

Cell-Poor Zone 

        Immediately subjacent to the odontoblast layer in the coronal pulp is often a 

narrow zone approximately 40 µm in width relatively free of cells and is called the 

cell-free layer of Weil. It is traversed by blood capillaries, unmyelinated nerve fibers, 

and the slender cytoplasmic processes of fibroblasts. It may not be apparent in young 

pulps, where dentin forms rapidly, where reparative dentin is being produced. 

 

Cell-Rich Zone 

        Usually conspicuous in the subodontoblastic area is a stratum containing a 

relatively high proportion of fibroblasts compared with the more central region of the 

pulp. It is much more prominent in the coronal pulp than in the radicular pulp. Besides 
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fibroblasts, the cell-rich zone may include a variable number of macrophages, 

dendritic cells, and undifferentiated mesenchymal or stem cells. 

 

Pulp Proper 

        The pulp proper is the central mass of the pulp. It contains the larger blood 

vessels and nerves. The connective tissue cells in this zone consist of fibroblasts or 

pulpal cells. 

 

Cells of the pulp (33,34) 

Odontoblasts 

        Because it is responsible for dentinogenesis both during tooth development and in 

the mature tooth, the odontoblast is the most characteristic cell of the dentin-pulp 

complex. During dentinogenesis, the odontoblasts form the dentinal tubules, and their 

presence within the tubules makes dentin a living responsive tissue. 

        The odontoblasts are columnar cells that form a clearly defined layer adjacent  

to the dentin. Their appearance varies according to the rate of dentinogenesis. In  

 

general, odontoblast nuclei are placed basally in the cell but lie at different levels 

within the layer, giving a false appearance of stratification  (pseudostratification). This 

arrangement is probably the result of crowding (as dentin formation continually 

decreases the pulpal surface area). It is much less evident in radicular pulp, where 

dentin formation is less extensive.   

        Once primary dentin has been formed, odontoblasts continue to produce dentin at 

a very slow rate throughout the life of the tooth. The ultrastructure of the odontoblast 

reflects this reduced level of activity in that the organelles responsible for protein 

synthesis (Golgi apparatus, rough endoplasmic reticulum and  mitochondria) are still 

present in the supranuclear region but in relatively small amounts. One large process 

extends into the dentin but several smaller processes link odontoblasts to adjacent 

odontoblasts and to pulpal fibroblasts. 
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Pulp fibroblasts 

        Fibroblasts are the most numerous cells of the pulp. They appear to be tissue-

specific cells that are capable of giving rise to cells that are committed to 

differentiation if given the proper signal. These cells synthesize types I and III 

collagen, as well as proteoglycans and glycosaminoglycans. Thus they produce and 

maintain the matrix proteins of extracellular matrix. Because they are also able to 

phagocytose and digest collagen, fibroblasts are responsible for collagen turnover in 

the pulp. 

        Most of the cells in the dental pulp have the appearance of the ubiquitous 

fibroblast. In its quiescent state, it is essentially ovoid in shape (with processes 

extending to connect with other cells), and it has relatively little cytoplasm around the  

nucleus. Consequently, few organelles exist and it is probably more accurate to 

describe the pulpal fibroblast as a fibrocyte. When activated, pulpal fibroblasts 

become markedly basophilic, their cytoplasm enlarges and a significant increase in 

organelles associated with protein synthesis is found. They then secret the precursors 

of both pulpal collagen and ground substance. 

        In the sub-odontoblastic region are cells that seem to retain much of their 

embryonic potential and can, when stimulated, differentiate into odontoblasts and 

produce dentine. At rest, these mesenchymal-type cells are indistinguishable from 

fibroblast. 

 

Macrophages 

        Macrophages are monocytes that have left the bloodstream, entered the tissues, 

and differentiated into various subpopulations. Many are found in close proximity to 

blood vessels. A major subpopulation of macrophages is quite active in endocytosis 

and phagocytosis. Because of their mobility and phagocytic activity they are able to 

act as scavengers, removing extravasated red blood cells, dead cells, and foreign 

bodies from the tissue. Ingested material is destroyed by the action of lysosomal 

enzymes. When activated by the appropriate inflammatory stimuli, macrophages are 

capable of producing a large variety of soluble factors, including interleukin-1, tumor 

necrosis factor, growth factors, and other cytokines. 
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Dendritic Cells 

        Dendritic cells are accessory cells of the immune system. These cells are termed 

antigen-presenting cells and are characterized by dendritic cytoplasmic processes and 

the presence of cell surface class II antigens. Dendritic cells play a central role in the 

induction of T cell-dependent immunity. Like antigen-presenting macrophages, they 

engulf protein antigens and then present an assembly of peptide fragments of the 

antigens and class II molecules. Then the assembly binds to T cell receptor, and T cell 

activation occurs. 

 

Mast Cells  

        Mast cells are widely distributed in connective tissues, where they occur in small 

groups in relation to blood vessels. The granules of mast cells contain heparin, 

anticoagulant, histamine and important inflammatory mediators as well as many other 

chemical factors.  

 

Lymphocytes 

        A lymphocyte is a type of white blood cell in the vertebrate immune system. 

Lymphocytes play an important and integral role in the body's defenses. T cells are 

involved in cell-mediated immunity whereas B cells are primarily responsible for 

humoral immunity (relating to antibodies). T and B lymphocytes were observed in 

normal pulpal tissues with T8 lymphocytes being predominant (35).  

 

Primary factors that initiate the acute inflammatory response (36) 

The two primary factors responsible for pulpal and periapical inflammation are the 

nerve and the tissue injury factors. Both vascular and humoral responses are mediated 

by these two phenomena.  

        The nerve factor is the activation of neurologic responses by environmental 

irritants that injure the odontoblasts. Such primary irritants may cause the following: 

1. Immediate and transitory pain perception as a result of pulpal intratubular pain     

    fiber excitation (due to A-δ fiber activity); 

2. Vasodilatation that persists (prolonged) if the injury is severe enough, leading  

    to increased capillary (and small venule) permeability, fluid exudation   
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           (edema), and leukocyte infiltration; This reaction marks the beginning of the      

           exudative (acute) phase of inflammation; 

3. Increased intrapulpal pressure in the affected pulpal region as a result of the  

    increased blood volume (hyperemia) and tissue exudates; 

4. Secondary (spontaneous) pain response if the intrapulpal pressure from the   

    exudative (acute) response surpasses the threshold limits of the C nerve fibers   

    in the affected area. The presence of necrotic tissue (secondary irritant)  

    maintains the exudative response and allows the pain to persist. 

        The tissue injury factor is due to the release of mediators by the injured 

odontoblasts, the chemical substances, which set into motion the process of 

inflammation locally. These mediators produce the same local effects described for the 

nerve factor. 

 

Pupal diseases 

        The diagnosis and classification of pulpal diseases are based on clinical signs and 

symptoms rather than on histologic findings. Pulpal conditions can be classified as 

reversible and irreversible pulpitis, hyperplastic pulpitis, and necrosis. Hard tissue 

responses include calcifications and resorption. In this study we focused on acute 

irreversible pulpitis. 

 

Acute pulpitis (37) 

        This is a severely painful and irreversible acute inflammatory response 

characterized by exudative hyperactivity. The histopathologic features include 

vasodilation, fluid exudation (inflammatory edema), leukocyte infiltration, and 

ultimately, a pulpal abscess. 

 

Etiology 

        Acute pulpitis may develop as an acute exacerbation of a previously existing, 

nonpainful, chronically inflamed pulp in which the exudative (acute) zones becomes 

hyperactive, as in the following situations: 

1. Food impactions in a carious cavity with an exposed pulp may either block the  
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drainage from the exudative zones subjacent to the caries or force carious 

contaminants deeper into mobilized granulomatous tissue; The resultant pulpal 

pressure build up will produce painful symptoms. Indiscriminate excavation of 

caries may have the same effect; 

2. A tooth that has become chronically inflamed either initially or as a sequela of  

acute inflammation may remain in an non-painful state for  months or years; The 

stimulus of additional operative procedures may activate or intensify the 

exudative response. The intrapulpal pressure increases and pain  results. 

 

Histopathology  

• The odontoblast layer was disrupted or destroyed. 

• The predentin may be reduced in width or absent. 

• The regional tissue cells die, producing small zones of necrosis. 

• Neutrophilic leukocytes, released from the injured and dead cells,  

pass through the endothelial gaps of capillary walls to the area of 

injury and engulf bacteria and tissue agents. 

• As the acute inflammation persists, blood-borne and tissue-borne 

macrophages make their appearance. 

 

Chemical mediators (38) 

        Chemical mediators such as histamines, serotonin, plasma proteases and 

prostaglandins play a specific role in the inflammation process. Inflammation is 

controlled by the presence of a group of substances called chemical mediators. These 

mediators may be exogenous or endogenous in origin. In order to be immediately 

effective, this mediator is already present in the tissues before the damage occurs. 

 

Histamines 

        The vasoactive amine histamine is important in the initiation of the early phases 

of acute inflammation as it mediates the monophasic response of increased vascular 

permeability. It is stored in the granules of mast cells and basophils as a heparin-

protein-histamine complex. Mast cells are widely distributed in connective tissue and 
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are strategically located near venules and cutaneous and mucosal surfaces. Histamines 

are released when the mast cells degranulate. 

 

Serotonins 

        Like histamines, serotonins (5-hydroxytryptamine, or 5HT) is a vasoactive amine, 

and it plays the same role as histamines. It is released from platelets by platelet 

activating factor (PAF), a minor component of platelets. 

 

Plasma proteases 

        There are three interrelated enzyme systems from which chemical mediators of 

inflammation originate. These plasma protease systems are involved in the formation 

of peptides, which mediate vascular permeability. The systems are the kinin, 

fibrinolytic, and complement systems. Both the kinin and fibrinolytic systems are 

triggered by the activation of Hageman factor (factor XII). 

 

The kinin system 

        Bradykinin is capable of 1) inducing arteriolar dilatation, 2) increasing the 

permeability of venules, and 3) causing pain. Like histamines, bradykinin increases 

gaps between endothelial cells and causes transient increase in venular permeability.  

 

The fibrinolytic system 

        Following the formation of thrombus, the fibrinolytic system is activated to 

dissolve the fibrin deposit. When fibrin is degraded, fibrin ‘split products’ are formed, 

and these fibrinopeptides can induce increased vascular permeability. 

 

The complement system 

        Once activated, the complement system is a potent effector mechanism for: 

        1. Mediating vascular responses  

        2. Recruiting phagocytic leukocytes 

3. Opsonizing targets of phagocytic cells 

4. Directly damaging target cells (or tissues). 
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Eicosanoids (arachidonic acid metabolites) 

        Eicosanoids are 20-carbon oxygenation products derived from arachidonic acid. 

Those involved in inflammation are generated by two major classes of intracellular 

enzymes: 

        1. Prostaglandins  

        2. Leukotrienes 

        Prostaglandins and leukotrienes are important in a number of physiologic and  

pathologic processes, and some play significant roles in inflammation. They are not 

stored in the tissues, but are synthesized within seconds in response to a variety of 

stimuli. Most cells can produce these compounds, but in the inflammatory process, 

neutrophils and macrophages, are particularly important sources.  

 

Platelet activating factor (PAF) 

        PAF is generated by activated inflammatory endothelial and injured tissue cells. 

In addition to the induction of platelet aggregation and degranulation at the sites of 

tissue injury, PAF enhances the release of serotonin by platelets. PAF is a potent 

vasodilator and also increases vascular permeability. The action of PAF on phagocytes 

(neutrophils, monocytes/macrophages) is to enhance arachidonic acid metabolism, 

leading to increased motility, degranulation, and free radical formation. 

 

Nitric oxide 

        Nitric oxide (NO), a short-lived, free radical gas produced by endothelial cells, 

relaxes vascular smooth muscle. Macrophages and other cells also produce nitric 

oxide. Vascular endothelial cells contain an enzyme nitric oxide synthase, that 

generates NO. NO promotes vasodilation. 

 

Neuropeptides 

        The nerve fibers that contain the neuropeptides calcitonin gene-related peptide 

(CGRP) and substance P (SP) are capsaicin-sensitive, afferent, unmyelinated, C fibers. 

CGRP causes vasodilation, and SP is responsible for increased vascular permeability. 

These neuropeptides act directly on arterioles and venules and indirectly by 
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stimulating the release of histamines and eicosanoid production by mast cells. They 

also enhance neutrophil adhesion and chemotaxis and are involved in wound healing. 
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Part II 

RECEPTOR FOR ADVANCED GLYCATION END PRODUCTS 

(RAGE) 
 

        Advanced glycation end products (AGEs) are a result of nonenzymatic protein 

glycation (glucosylation or glycosylation) by glucose or fructose. Glycation is the 

result of a sugar molecule, such as fructose or glucose, bonding to a protein or lipid 

molecule without the controlling action of an enzyme. Enzyme-controlled addition of 

sugars to protein or lipid molecules is termed glycosylation. Glycation is an accidental 

process that damages the functioning of biomolecules, while glycosylation occurs at 

defined sites on target molecules and is required for molecule to function. 

        The receptor for AGEs (RAGE) is a member of the immunoglobulin superfamilly 

(IgSF). IgSF is a large group of cell surface and soluble proteins that are involved in 

the recognition, binding, or adhesion processes of cells. Members of the IgSF include 

cell surface antigen receptors, co-receptors and co-stimulatory molecules of the 

immune system, molecules involved in antigen presentation to lymphocytes, cell 

adhesion molecules and certain cytokine receptors. They are commonly associated 

with roles in the immune system. 

 

Structure and ligand recognition 

        The receptor for advanced glycation end products (RAGE) is localized on 

chromosome 6 near the human leukocyte antigen (HLA) locus in the vicinity of the 

major histocompatibility complex III (MHC III) in humans and mice, in close 

proximity to the homeobox gene HOX12 and the human counterpart of the mouse  

mammary tumor gene int-3 (39). The receptor is composed of three immunoglobulin-

like regions; one “V”-type domain and two “C”-type domain, and a 43-amino acid 

cytoplasmic tail (25, 40,41).  V-type domain is critical for ligand binding and the 

cytosolic tail is essential for RAGE-mediated intracellular signaling. A truncated form 

of RAGE, which lacks the cytosolic tail, remains firmly embedded in the membrane. 

Although this form (termed “DN-RAGE) of the receptor is capable of binding the 

complement of RAGE ligands, it not transmit RAGE-mediated cellular activation (27, 

42).    RAGE interacts with a range of ligands (Figure 1.), including advanced 
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glycation end products (AGEs), HMGB1 and S100/calgranulins  (25-27). Structural 

analysis of RAGE and ligands interaction showed the receptor recognized three 

dimensional structures, such as β-sheets and fibrils, rather than specific amino acid 

sequences (43, 24).   

 

 
Figure 1. RAGE binds to ligand at the cell membrane. 

 

RAGE and cellular response 

        Activation of mitogen-activated protein kinase (MAP kinases) is typically an 

early event in cellular activation. RAGE-AGEs interaction on smooth muscle cell is 

necessary for MAP kinase activation. RAGE-mediated induction of cellular oxidant 

stress triggers a cascade of intracellular signals involving p21ras and MAP kinase, 

culminating in transcription factor activation. The molecular mechanism that triggers 

this pathway likely involves oxidant modification and activation of  p21ras (44).   

        Leukocyte recruitment is an integral part of inflammatory processes or vascular 

remodeling and requires multistep adhesive and signaling events, including selectin-

mediated rolling, leukocyte activation, and integrin-mediated firm adhesion and 

diapedesis (45). The receptor for advanced glycation end products (RAGE) is a 

counter-receptor for leukocyte integrins that contributes to the recruitment of 

inflammatory cells, particularly under stress or pathological conditions such as in 

diabetes. RAGE can directly modulate leukocyte recruitment as it acts as an 

endothelial cell adhesive receptor attracting leukocytes (29).  
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        Activation of the transcription factor NF-κB has been suggested to participate in 

chronic disorders. In resting cells, NF-κB resides in the cytoplasm in its inactive form 

bound to the inhibitor molecule nuclear factor of kappa light polypeptide gene 

enhancer in B-cells inhibitor, alpha (IκBα). Upon activation, IκBα is rapidly 

phosphorylated and degraded, resulting in release and translocation of NF-κB into the 

nucleus (46). To understand factors underlying RAGE expression, researchers cloned 

the 5 -flanking region of the RAGE gene and characterized putative regulatory motifs. 

Analysis of the putative promoter region revealed the presence of three potential NF-  

B-like and two SP1 binding sites. Transient transfection of vascular endothelial and 

smooth muscle cells using chimeric 5 -deletion constructs linked to luciferase reporter 

revealed that the region 1543/ 587 contributed importantly to both basal and 

stimulated expression of the RAGE gene. This region of the RAGE gene contained 

three putative NF- B-like binding sites and was responsible for increased luciferase 

activity observed when endothelial or smooth muscle cells were stimulated with 

lipopolysaccharide. DNase I footprinting assays and electrophoretic mobility shift 

assay revealed that two of the three NF- B-like binding sites (1 and 2) were likely 

functional and responsive to stimuli. Upon simultaneous mutation of NF- B-like sites 

1 and 2, both basal promoter expression and response to stimulation with 

lipopolysaccharide (LPS), as measured by relative luciferase activity, were 

significantly diminished. These results point to NF- B-dependent mechanisms 

regulating cellular expression of RAGE and suggest a means of linking RAGE to the 

inflammatory response (47).  

        RAGE-ligand interaction results in intracellular signaling, leading to activation of 

the proinflammatory transcription factor NF-κB, the last rapidly activated as part of 

the first line of cellular defense (48).  RAGE changes acute cellular activation into a 

maintained cellular response. Activation of NF-κB by a variety of stimuli results in 

increased gene expression of NF-κB regulated genes. The RAGE promoter itself is 

controlled by NF-κB, and upregulation of the receptor provides an increasing number 

of binding sites for RAGE ligands such as AGEs, HMGB1, and S100/calgranulins. 

Ligand binding results in RAGE-dependent maintained NF-κB activation, which 

perpetuates the cellular inflammatory response (Figure 1)  (28). 
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Figure 2. RAGE converts acute cellular activation into a sustained cellular response. 

Activation of NF-κB by a variety of stimuli results in increased gene expression of 

NF-κB regulated genes and this NF-κB induced RAGE expression. HMGB1, released 

from the inflammatory cell, can bind to RAGE receptor and induced NF-κB activation. 

 

RAGE expression 

Brain 

        Amyloid-beta peptide is central to the pathology of Alzheimer's Disease, because 

it is directly neurotoxic by inducing oxidant stress, and indirectly by activating 

microglia. A specific cell-surface acceptor site that could focus its effects on target 

cells has been postulated but not identified. Researchers have presented evidence that 

the 'receptor for advanced glycation end products' (RAGE) is such a receptor, and that 

it mediates effects of the peptide on neurons and microglia. Increased expression  of  

RAGE  in   Alzheimer's Disease  indicates that it  is  relevant to the pathogenesis of 

neuronal dysfunction and death. RAGE has been studied in relation to amyloid-beta 

peptide neurotoxicity in Alzheimer's Disease (49).  

 

Heart 

        Expression of the AGE-receptor 3 (AGE-R3) and the receptor for AGEs (RAGE) 

was compared on the mRNA and protein level in the aging human heart. Western Blot 
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and Reverse Transcription Polymerase Chain Reaction (RT-PCR) analysis of the AGE 

receptors from the cardiac auricles and adult patients was performed and compared 

with young controls. Whereas the expressions of AGE-R3 as well as RAGE protein 

were significantly upregulated in the senescent population, only the upregulation of 

RAGE is associated with reduced heart function (50).   

 

Skin 

         RAGE is highly expressed in skin and upregulated in sun-exposed skin. RAGE-

positive cells are mainly keratinocytes, skin fibroblasts, dermal dendrocytes, and 

endothelial cells, but some expression was also observed in lymphocytes (51).  

 

Labial salivary gland 

         Receptor for advanced glycation end product (RAGE) is a cell-surface receptor 

with ligands capable of inducing proinflammatory responses in autoimmunity. RAGE 

is present in the labial salivary glands of  both normal  and  Sjögren's  Syndrome  (SS) 

patients, with preliminary data suggesting over-expression in SS tissues (52).  

 

RAGE and diseases 

        RAGE is a multiligand receptor on vascular cells playing a key role in the 

inflammatory process. RAGE is expressed at low levels in normal tissues and in the 

vasculature and becomes up-regulated in the diabetic vasculature or at other sites 

where its ligands accumulate (24). Increased RAGE expression has been shown in 

both endothelium and vascular smooth muscle cells from diabetic patients (30,31) and 

in macrophages from patients with renal failure and dialysis-related amyloidosis (32).  

        RAGE modulates hepatic ischemia/reperfusion (I/R) injury, at least in part by 

activation of key signaling pathways linked to proinflammatory and cell death-

promoting responses (53).  

        Advance glycation end products (AGEs) accumulate in the plasma and tissues of 

diabetic subjects. Evidence for the role of receptors of AGE (RAGE) in periodontal 

disease was verified in a murine model for type 2 diabetes. RAGE accelerated 

periodontal inflammation and alveolar bone loss in diabetic rodents. (54). 
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        Some researchers demonstrated positive staining of RAGE in the endothelium 

and the basal and spinous layers of the inflamed gingival epithelium in chronic 

periodontitis patients with and without type 2 diabetes (55). Based on data from a 

variety of sources, including studies of RAGE-deficient mice, it appears that RAGE 

plays a central role in oral infection and exaggerated inflammatory host responses 

(55).  

 

Antagonism of  RAGE 

        Soluble RAGE (sRAGE), the extracellular ligand binding domain of RAGE that 

serves as a decoy, thereby suppressing ligand-induced stimulation of cell surface 

receptors (Figure 3)  (27, 56).  The blockade of RAGE, using pharmacological 

antagonists or transgenic mice in which a signaling-deficient RAGE mutant is 

expressed in cells of mononuclear phagocyte lineage, significantly increases survival 

after massive liver resection. In the first hours after massive resection, remnants 

retrieved from RAGE-blocked mice displayed increased activated NF-kappaB, 

principally in hepatocytes, and enhanced expression of regeneration-promoting 

cytokines, TNF-alpha and IL-6, and the antiinflammatory cytokine, IL-10. Hepatocyte 

proliferation was increased by RAGE blockade, in parallel with significantly reduced 

apoptosis. RAGE blockade is a strategy to promote regeneration in the massively 

injured liver (57). Hepatic I/R injury, associated with liver transplantation and hepatic 

resection, is characterized by hepatocellular damage and a deleterious inflammatory 

response. Animals treated with soluble RAGE (sRAGE) displayed increased survival 

after total hepatic I/R compared with vehicle treatment. TUNEL assay and histologic 

analysis revealed that blockade of RAGE was highly protective against hepatocellular 

death and necrosis on I/R; in parallel, proliferating cell nuclear antigen was enhanced 

in livers of mice treated with sRAGE. Rapid activation of p38, p44/42, stress-activated 

protein kinase and c-Jun N-terminal kinase mitogen-activated protein kinases, signal 

transducer and activator of transcription-3, and nuclear translocation of activator 

protein-1 was evident at early times on I/R. In the remnants of sRAGE-treated livers; 

however, activation of each of these signaling and transcription factor pathways was 

strikingly decreased. The sRAGE-treated  remnants displayed enhanced activation of 
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nuclear factor kappaB, in parallel with increased transcripts for the proregenerative 

cytokines and tumor necrosis factor-alpha (53).   

        Blockade of RAGE results in suppression of both alveolar bone loss and markers 

of cellular activation/tissue-destructive properties in diabetic mice infected with P. 

gingivalis. sRAGE is the extracellular domain of the receptor, which binds ligand and 

blocks interaction with, and activation of, cell-surface RAGE. Blockade of RAGE 

diminished alveolar bone loss in a dose-dependent manner. Moreover, decreased 

generation of the proinflammatory cytokines TNF-  and IL-6 in gingival tissue, as 

well as decreased levels of matrix metalloproteinases was noted. Gingival AGEs were 

also reduced in mice treated with sRAGE, paralleling the observed suppression in 

alveolar bone loss. These findings link RAGE and exaggerated inflammatory 

responses to the pathogenesis of destructive periodontal disease in diabetes (54).   

 

 
Figure 3. Soluble RAGE (sRAGE) is a truncated form of the receptor comprising the 

extracellular domain and thereby functions as a decoy that prevents ligands from 

interacting with cell surface receptor.  

 

 

 

 

 



Fac. of Grad.Studies, Mahidol Univ.                                                            M.Sc.(General Dentistry) / 21 

Part III 

HIGH MOBILITY GROUP BOX 1 (HMGB1) 
 

        High mobility group box 1, a 30 kDa protein was first co-purified from nuclei 

with histones, and termed ‘high mobility group 1’ (HMG-1) protein because of its 

rapid mobility on electrophoresis gel (58). High mobility group box 1 protein 

(HMGB1; also called amphoterin) is a very abundant chromatin-binding protein 

residing in the eukaryotic cell nucleus and acting in the assembly of nucleoprotein 

complexes (59). 

 

Structure and distribution  

        The human HMGB1 gene is located on chromosome 13q12 and encodes a protein 

of 216 amino acids (60-62). HMGB1 is composed of three domains: two internal 

repeats of positively charged domains, A box and B box (HMG boxes), and a 

negatively charged  

C terminus (acidic tail) (63).   

        HMGB1 is produced by nearly all cell types, but cellular levels vary with 

development and age (64). HMGB1 can migrate between the cytoplasm and nucleus in 

a cell cycle-dependent fashion. Lymphoid cells contain HMGB1 in both cytoplasm 

and nucleus (63). The cellular localization of HMGB1 is tissue-specific with high 

levels found in the thymus, lymphoid tissues, testis, and neonatal livers. 

Intracellularly, HMGB1 is more concentrated in the cytoplasm of liver and  

brain cells, and is concentrated in the nuclei in most other tissues  (65).   

 

Nuclear HMGB1 as a DNA-binding protein 

        HMGB1 has been implicated in diverse cellular functions, including 

determination of nucleosomal structure and stability, and binding of transcription 

factors to their cognate DNA sequences (66). The two HMG boxes are 70 to 80 amino 

acid L-shaped domains formed by 3 α-helical segments that are important for DNA 

binding (67). HMGB1 binds to the minor groove of DNA through hydrophobic amino 

acids that expand the groove and facilitate the unwinding and bending of DNA, 

allowing formation of nucleoprotein complexes that enhance the activity of several 
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transcription factors (67). HMG boxes provide the structure-specific binding sites for 

DNA with secondary structures such as supercoided DNA and cruciform (21). 

HMGB1 plays a possible role in DNA recombination, repair, replication, gene  

transcription (68) and modulating the activity of steroid hormone receptors (69,70).   

 

HMGB1 and its receptor (RAGE) 

        HMGB1 can bind to receptors for advanced glycation end products (RAGE). 

Binding of HMGB1 to RAGE was specific, saturable, and of higher affinity than 

AGEs (Kd of ~ 6 nM for HMGB1 versus Kd of  ~50 nM for AGE albumin).  Domains 

in HMGB1 mediating interaction with RAGE appear to be unrelated to AGE-like 

epitopes, as enzyme-linked immunosorebent assay of HMGB1 praparations showed no 

detectable AGE antigen and anti-AGE IgG has no effect on HMGB1 binding to 

RAGE (26). A motif (amino acids 150-183) in the C-terminus of HMGB1 is 

responsible for RAGE binding (71). Engagement of RAGE and ligands (such as 

HMGB1 or AGEs), activates the NF-κB signaling pathway (72-74), and the MAPK 

pathways (75). HMGB1-mediated chemotaxis and cytokine production can be 

partially inhibited by antibodies directed against RAGE, implicating RAGE as a 

receptor mediating the HMGB1-dependent migratory responses (75,76). 

 

Extracellular roles of HMGB1 in inflammation (Figure 4.) 

        HMGB1 itself induces the production of inflammatory mediators by 

macrophages and neutrophils. HMGB1 is potent in stimulating the release of multiple 

proinflammatory cytokines, including TNF, IL-1α , IL-1β, IL-6, IL-8, MIP-1 α, and 

MIP-1β (21). HMGB1 activated mitogen-activated protein kinases (such as p38 and 

ERK 1/2)  and enhances the expression of proinflammatory cytokines in human 

neutrophils (77). Human microvascular endothelial cells also responded with up-

regulation of adhesion molecules and production of proinflammatory cytokines upon 

HMGB1-stimulation. In response to HMGB1 stimulation, human microvascular 

endothelial cells increase expression of adhesion molecules (such as RAGE, ICAM-1 

and VCAM-1), suggesting that HMGB1 can propagate an inflammatory response in 

the endothelium during infection or injury (20). HMGB1 and B box increase the 

permeability in cultured enterocytes via a nitric oxide (NO)-dependent pathway (74).  
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        HMGB1 acts as a chemotatic agent for smooth muscle cells, causing their 

migration from tunica to intima, implicating HMGB1-induced pathology in vascular  

diseases such as atherosclerosis and restenosis (75,78). 

        Focal administration of HMGB1 in the region of the sciatic nerve induces dose-

dependent unilateral and bilateral low threshold mechanical allodynia (22), suggesting 

a role in causing pathological pain during inflammation. 

 

 
Figure 4. HMGB1 is produced by macrophages in response to inflammatory stimuli 

such as Lipopolysaccharide. In enterocytes, HMGB1 increases the activity of  intrinsic 

nitric oxide synthase, leading to heightened nitric oxide  production and augmented 

permeability, resulting in enhanced bacterial translocation through the gut barrier. 

HMGB1 binds to RAGE on endothelial cells and evokes intracellular signaling 

through kinases, leading to nuclear translocation of transcription factors. In response, 

endothelial cells express RAGE, adhesion molecules (VCAM-1 and ICAM-1), TNF- , 

chemokines, PAI-1 and tissue plasminogen activator . HMGB1 may thereby contribute 

to regulation of fibrinolysis. HMGB1 is not only released in response to  

proinflammatory stimuli , but itself induces the production of inflammatory mediators 

by  macrophages and neutrophils  
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Release of HMGB1 

        High mobility group box 1 (HMGB1) is released by necrotic cells and acts in the 

extracellular environment as a primary proinflammatory signal. In response to 

stimulation  with  exogenous  bacterial  endotoxin  or   endogenous   proinflammatory  

cytokines, cultures of macrophages and monocytes actively release HMGB1 (79, 80). 

HMGB1 is time-dependently released from endotoxin-stimulated macrophage 

cultures, with significant HMGB1 accumulation first detectable 8 hours after 

stimulation (79).  

        HMGB1 is secreted by activated monocytes and macrophages, and is passively 

released by necrotic or damaged cells. Apoptotic cells do not release HMGB1 even 

after undergoing secondary necrosis and partial autolysis, and thus fail to promote 

inflammation even if not cleared promptly by phagocytic cells. In apoptotic cells, 

HMGB1 is bound firmly to chromatin because of generalized underacetylation of 

histone and is released in the extracellular medium (promoting inflammation) if 

chromatin deacetylation is prevented. Thus, cells undergoing apoptosis are 

programmed to withhold the signal that is broadcast by cells that have been damaged 

or killed by trauma (81). But another study showed by confocal microscopy that 

HMGB1 and DNA change their nuclear location in Jurkat cells undergoing apoptosis 

suggesting that the release process may vary with cell type (82).  

 

Expression 

        HMGB1 is upregulated in liver, lung and blood samples from mice tissues at 24 h 

postburn, which remained markedly elevated up to 72 h after thermal injury. Tissue 

samples from liver and lungs were collected to measure tissue endotoxin levels and 

HMGB 1 mRNA expression. In addition, blood samples were obtained to measure 

organ function parameters. Taken together, these findings indicate that thermal injury 

per se can markedly enhance HMG-1 gene expression in various organs. Up-

regulation of HMG-1 expression may be involved in the pathogenesis of endogenous 

endotoxin-mediated multiple organ damage secondary to major burns (83).  

        HMGB1 was abundantly expressed as a nuclear, cytoplasmic, and extracellular 

component in synovial tissues from rheumatoid arthritis (RA) patients and from rats 

with experimental arthritis. Immunostaining of specimens from normal rats showed 
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that HMGB-1 was primarily confined to the nucleus of synoviocytes and 

chondrocytes, with occasional cytoplasmic staining and no extracellular matrix 

deposition. In contrast, inflammatory synovial tissue from rats with experimental 

arthritis as well as from humans with RA showed a distinctly different HMGB1 

staining pattern. Nuclear HMGB1 expression was accompanied by a cytoplasmic 

staining in many mononuclear cells, with a macrophage-like appearance and an 

extracellular matrix deposition. Analysis of synovial fluid samples from RA patients 

further confirmed the extracellular presence of HMGB1 (84).  

        An altered expression of HMGB1 was observed both in the epidermis and in the 

dermal infiltrates of cutaneous lupus erythematosus (CLE) skin. In comparison with  

the unaffected skin, expression of HMGB-1 in the epidermis and dermis was increased 

and translocation to the cytoplasm as well as the extracellular presence of secreted 

HMGB1 were found. Increased levels of TNFalpha and IL-1beta were also observed 

in the dermal infiltrates of lesional skin (85).  

 

Antagonism of  HMGB1 

        Protective effects were observed with anti-HMGB1 antibody, anti-HMGB1 

treatment by A box or ethyl pyruvate, a nontoxic food additive and an experimental 

anti-inflammatory  agent  (79, 86, 87).  Passive  immunization  with  anti-HMGB1  

antibodies significantly protects against lethal endotoxemia in mice, even when 

treatment was delayed 2 h after LPS exposure (79, 86). Delayed treatment with anti-

HMGB1 antibodies or other antagonists (A box or ethyl pyruvate) dose-dependently 

rescued mice from lethal sepsis induced by cecal perforation, and treatment was 

effective even when the first dose was given at 24 h after the cecal ligation and 

puncture surgery (86, 87).  

        HMGB1-targeted intervention with either neutralizing antibodies or the 

antagonistic A box domain of HMGB1 ameliorates collagen-induced arthritis both in 

mice and rats, and inhibits the local overexpression of IL-1beta in the joints. It is thus 

conceivable that therapeutic HMGB1 blockade may contribute to future treatment of 

human chronic arthritis (88).  

        In endotoxin-induced acute lung inflammation, administration of anti-HMGB1 

Abs either before or after endotoxin exposure decreased the migration of neutrophils 
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to the lungs as well as lung edema. These protective effects of anti-HMGB1 were 

specific, because pulmonary levels of IL-1beta, TNF-alpha, or macrophage-

inflammatory protein-2 were not decreased after therapy with anti-HMGB1 (89).  

        To examine the effects of anti-high mobility group box 1 (HMGB1) neutralizing 

antibody in experimental severe acute pancreatitis (SAP), SAP was induced 

immediately after intraperitoneal injection of anti-HMGB1 neutralizing antibody. The 

severity of pancreatitis, organ injury (liver, kidney and lung), and bacterial 

translocation to pancreas was examined 12 h after induction of SAP. Anti-HMGB1 

neutralizing antibody significantly improved the elevation of the serum amylase level 

and the histological alterations of the pancreas and lung in SAP. Anti-HMGB1  

antibody   also   significantly   ameliorated   the   elevations   of   serum    

alanineaminotransferase and creatinine in SAP. Blockade of HMGB1 attenuated the 

development of SAP and associated organ dysfunction (90).  
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CHAPTER IV 

MATERIALS AND METHODS 

 
Human 

        This study was conducted with approval by the Committee on Human Rights 

Related to Human Experimentation, Mahidol University. Participants were informed 

of risks, benefits and signed an approved informed consent document prior to 

enrollment. Written informed consent was obtained from each patient. Pulp samples 

were obtained from patients < 35 years old of both sexes, who did not take antibiotics 

for three weeks, without systemic diseases, no periapical lesions and no moderate to 

severe loss of periodontal attachment. Fifteen pulp samples were collected from teeth 

having a clinical diagnosis of irreversible pulpitis. These patients were suffering 

spontaneous pain of approximately 24 h duration. Fifteen pulp samples were collected 

from teeth extracted for orthodontic reason or third molar having a clinical diagnosis 

of non-occluded teeth.  

 

Preparation of pulp tissues 

        Both groups were anesthetized and extracted. Immediately after extraction, the 

teeth were then sectioned using a cylindrical diamond bur in a high speed handpiece.  

Pulp tissues were collected using a sterile endodontic excavator. 

 

Antibody (Ab) 

        RAGE Ab was purchased from RDI division of Fitzgerald Industries Intl (MA, 

USA). HMGB1 Ab was obtained from SHINO-TEST (Tokyo, Japan).  All other 

reagents were supplied by Sigma-Aldrich Inc. (St. Louis, MO, USA). 

 

Immunohistochemistry to detect RAGE expression 

        Five healthy and five inflamed pulp tissue samples were placed into 10% buffer 

formalin overnight and kept at 4 oC. The tissues were sliced to 5 µm sections. Sections 

were embedded in paraffin.   Immunohistochemistry stainings for RAGE were 
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performed using the DAKO System, HRP (DakoCytomation).  Paraffin-embedded 

sections were deparaffinized in xylene and rehydrated though a series of decreasing 

concentrations of ethanol. After blocking endogenous peroxidase  activity with 0.3% 

H2O2. The non-specific background was reduced by treating with a blocking buffer 

containing 10% rabbit serum for 30 min and then incubating with rabbit polyclonal 

serum anti-RAGE antibody (dilution 1:1000) overnight at 4oC.  The sections were 

washed three times with Tris-buffered saline (TBS) for five minutes and incubated 

with secondary antibody at room temperature for 1 hour. After rinses in TBS, bound 

antibody was detected using the substrate diaminobenzidine tetra-hydrochloride 

(DAB; DAKO), rinsed in double-distilled water and background stained with 

hematoxylin for one min. All sections were mounted, coverslipped and examined 

under a light microscope. 

 

Western blot analysis for RAGE expression 

        Ten healthy and ten inflamed dental pulp tissues were prepared as described 

previously. Briefly, tissues lysates were obtained by adding 120 μl of SDS sample 

buffer containing 50 mM DTT, 1 mM PMSF and 0.5 mM Na2VO3. The supernatants 

and lysates were assayed for their protein concentrations using a Protein Assay Kit 

(Bio-Rad, Hercules, CA, USA) and subjected to 12% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE). Samples containing 10 µg of total 

protein and a protein size marker were electrophoresed on 12% SDS-PAGE gel and 

transferred onto nitrocellulose membranes (Schleicher & Schuell, Dassel, Germany). 

To prevent non-specific binding, the membrane was blocked in a blocking solution 

containing 5%(w/v) nonfat dry milk/1% (v/v) Tween-20 in PBS for one h at room 

temperature. The membrane was probed with the RAGE antiserum (dilute in blocking 

solution at 2 μg/ml) over night at 4oC. Unbound antiserum was removed by washing 

the membrane in 0.01 M PBS containing 0.2% Tween-20 (five min, three times). The 

membrane was subsequently incubated with the secondary antibody (diluted in 

blocking solution at 2 μg/ml) for one h at room temperature. Again the membrane was 

washed as described above. Bound antibodies were detected by detection reagent. 
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Sample preparation for HMGB1 detection 

        Ten healthy and ten inflamed pulp tissues were prepared as described previously. 

Since cytoplasmic HMGB1 acts in the extracellular environment as a primary 

proinflammatory signal. Preparation of cytoplasmic fractions by compartment protein 

extraction kit (Chemicon, USA) was performed. The cytosol proteins were assayed for 

their protein concentrations using a Protein Assay Kit.   

 

Western blot analysis for HMGB1 expression 

        Cytosol proteins were subjected to 12% SDS-PAGE. Samples containing 10 µg 

of total protein and a protein size marker were electrophoresed on 12% SDS-PAGE 

gel and transferred onto nitrocellulose membranes (Schleicher & Schuell, Dassel, 

Germany). The membrane was incubated with blocking solution and probed with the 

HMGB1 antibody.  The membrane was subsequently incubated with the secondary 

antibody and bound antibodies were detected. 

 

Measurement of HMGB1 by ELISA technique 

        Cytosol proteins were measured protein levels. Enzyme-linked immunosorbent 

assay (ELISA) for HMGB1 was performed with the use of monoclonal antibodies to 

HMGB1 and with standardization to a curve of recombinant human HMGB1. A 

polystyrene microtiter plate was coated with 100 ml of 3 mg/l anti-HMGB1 polyclonal 

antibody (Shino-TEST, Kanagawa, Japan) and incubated at 37 °C overnight. The 

unbound antibodies were removed by washing plates three times with PBS containing 

0.05% Tween 20 (washing buffer) and the remaining binding sites in the wells were 

blocked by incubating the plates for 2 h with 400 ml/well PBS containing 1% BSA. 

After washing, 50 µL of each dilution of the standards and samples was added to the 

wells. The microtiter plates were incubated for 24 h at room temperature. After 

washing, 100 µL/well of antihuman HMGB1 peroxidase-conjugated monoclonal 

antibody (Shino-TEST) was added and the plate was incubated at room temperature 

for two h after washing, 3,3’5,5’- tetramethylbenzide was added to the well. The 

enzyme reaction was allowed to proceed for 30 min at room temperature. The 
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chromogenic substrate reaction was stopped by addition of stop solution (0.35 mol/L 

Na2SO4) and the absorbance was read at 450 nm.  

 

Data analysis of HMGB1 level by ELISA technique 

        The levels of HMGB1 in cytosol proteins were analyzed using Mann-Whitney U 

test. An α-level of p< .05 was taken as an indication of statistic significance. 
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CHAPTER V 

RESULTS 

Immunohistochemistry to detect RAGE expression 

 In  pulpitis tissues, strong expression (brown stain) of RAGE is noted in the 

capillary endothelial cells around blood vessels and inflammatory cells, cell 

peripheries and odontoblast and fibroblast-like cells (Figures 5, 6 and 7). In healthy 

pulp tissue, faint RAGE expression is evident in the capillary endothelial cells around 

the blood vessels and fibroblast-like cells (Figures 8, 9). Histology of odontoblast cells 

shows no RAGE localization (Figure 7, arrow head). Control isotype Immunoglobulin 

G (IgG) was employed at the same time (Figures 10, 11).  

 

Western blot analysis for RAGE expression 

 Protein extracts from pulpitis and healthy human pulp tissue were blotted onto 

nitrocellulose membranes and incubated with anti-RAGE antibody. A strong band at 

~42 kDa was detected in pulpitis tissues and faint band at ~42 kDa was detected in 

healthy tissues (Figure 12).   

 

Western blot analysis for HMGB1 expression 

Cytosol protein extracts from inflamed and healthy dental pulp tissues were 

blotted onto nitrocellulose membranes and incubated with HMGB1 antibody.  

HMGB1, which has molecular weight ~27 kDa, has been found to be increased in 

inflamed pulp tissues compared with a healthy group (Figure 13). 

 

Measurement of HMGB1 by ELISA technique (Figures 14, 15) 

HMGB1 has been found to be increased in cytoplasm of inflamed pulp tissues 

compare with a healthy tissues.  Cytosol HMGB1 concentrations were 3.73 ± 0.69 

ng/ml in the healthy group and 12.08 ± 0.82 ng/ml in the inflamed group. The 

concentration of HMGB1 in the inflamed group was significantly higher than the 

healthy group (p<0.001).  
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Figure 5. Immunohistochemical analysis of RAGE.  In pulpitis tissues, strong 

expression of RAGE is noted in the capillary endothelial cells around blood vessels 

(arrow) and inflammatory cells.  
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Figure 6. Immunohistochemical analysis of RAGE.  In pulpitis tissues, strong 

expression of RAGE is noted in the cell peripheries and cytoplasm of odontoblast-like 

cells.  
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Figure 7. Immunohistochemical analysis of RAGE.  In pulpitis tissues, strong 

expression of RAGE is noted in the fibroblast-like cells.  
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Figure 8. Immunohistochemical analysis of RAGE.  In healthy tissues, faint 

expression of RAGE  in the capillary endothelial cells around blood vessels 

(arrow). Histology of odontoblast cells shows no RAGE localization (arrow head).  
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Figure 9. Immunohistochemical analysis of RAGE.  In healthy pulp tissues, faint 

expression of RAGE is noted in the fibroblast-like cells.  
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Figure 10. Immunohistochemical analysis of RAGE.  In pulpitis tissues, control 

isotype IgG was employed at the same time.  

 

 

 

 



Nuttavun Vechvongvan                                                                                                                                          Results / 38 
 

 

 

 

 

 

 

 

 

 

 

 

 

          X 100 

 

Figure 11. Immunohistochemical analysis of RAGE.  In healthy tissues, control 

isotype IgG was employed at the same time.  

 

 

 

 



Fac. of Grad.Studies, Mahidol Univ.                                                           M.Sc.(General Dentistry) / 39 
 

 
 

 

 

 

 

Figure 12. RAGE expression determined by Western blot analyses with RAGE Ab in 

the pulp tissue samples from three separate patients with pulpitis (left panels, lanes 1-

3) and three healthy control subjects (right panels, lanes 4-6). Abundant RAGE (42 

kDa) is present in tissues from pulpitis patients, but low signals have been found in 

control subjects.  

 

 

 

Figure 13. HMGB1 expression determined by Western blot analyses with HMGB1 Ab 

in pulp tissue samples from three separate patients with pulpitis (left panels, lane 1-3) 

and three healthy control subjects (right panels, lanes 4-6). Abundant HMGB1 (27 

kDa) is present in tissues from pulpitis patients, but low signals have been found in 

control subjects.  
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b. 

 

Figure 14. Cytosol HMGB1 levels as measured by ELISA. Each experimental group 

consisted of ten tissues.  
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Figure 15. Cytosol HMGB1 concentrations were 3.73 ± 0.69 ng/ml in the healthy  

group and 12.08 ± 0.82 ng/ml in the inflamed group. Values are shown means ± SD  

*p < 0.001 
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CHAPTER VI 

DISCUSSION 

        Advance glycation end products (AGEs) accumulate in the plasma and tissues of 

diabetic subjects. Evidence for the role of receptors of AGE (RAGE) in periodontal 

disease was verified in a murine model for type 2 diabetes (54). Some researchers 

demonstrated positive staining of RAGE in endothelium and the basal and spinous 

layer of the inflamed gingival epithelium in chronic periodontitis patients with and 

without type 2 diabetes (55). The expression of RAGE and HMGB1 was found during 

the late fetal and early postnatal stages in  rats. RT-PCR demonstrated both HMGB1 

and RAGE in human dental pulp cells in vitro, indicating that RAGE and HMGB1 

participates in tooth mineralization and an autocrine/paracrine HMGB1 signaling axis 

in odontoblasts (91). However, the presence of RAGE and HMGB1 in inflamed pulp 

tissues has not been demonstrated. On the best of our knowledge, we are the first to 

report on RAGE and HMGB1 expression in inflammatory pulp tissues from all 

patients without diabetes, corresponding to a previous study in human periodontitis 

(55).  

        The early inflammatory response to caries is characterized by the focal 

accumulation of chronic inflammatory cells. This is most likely mediated initially by 

odontoblasts and later by dendritic cells. The odontoblast is positioned to encounter 

foreign antigens first. It is likely that these cells herald the influx of foreign material 

by the elaboration of chemokines that in turn attract an array of immune effector cells 

to the infection front (92).  

        As the carious lesion progresses, the density of the chronic inflammatory 

infiltrate, as well as that of dendritic cells in the odontoblast region, increases. Pulpal 

dendritic cells are responsible for antigen presentation and stimulation of T 

lymphocytes. In the uninflamed pulp, they are scattered throughout the pulp. With 

caries progression they aggregate initially in the pulp and subodontoblastic regions, 

then extend into the odontoblast layer and eventually migrate into the entrance to 

tubules beside the odontoblast process (93).   
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        Evidence suggests that odontoblasts also play a role in humoral immune response 

to caries. Immunoglobulin G (IgG), IgM, and IgA have been localized in the 

cytoplasm and cell processes of odontoblasts in human carious dentin, suggesting that 

these cells actively transport antibodies to the infection front (94).  In the incipient 

lesion, antibodies accumulate in the odontoblast layer and with lesion progression can 

be seen in the dentinal tubules. Finally, this leads to a focal concentration of antibodies 

beneath the advancing lesion (95). In this study, inflamed pulp tissues showed strong 

expression of RAGE in the capillary endothelial cells around blood vessels and 

inflammatory cells, cell peripheries and odontoblast and fibroblast-like cells. RAGE 

expression may be involved in the pathogenesis of pulpal inflammation. 

        HMGB1 is potent in stimulating the release of multiple proinflammatory 

cytokines, including TNF, IL-1α , IL-1β, IL-6, IL-8, MIP-1 α, and MIP-1β (21). Pulpal 

diseases are characterized by inflammation. Many cytokines were found in pulpal 

inflammation such as TNF-α, IL-6 and IL-8 (96-98).   In this study, we demonstrated 

that HMGB1 is increased in  pulp inflammatory tissues compared with healthy tissues 

and may play a role in the occurrence and development of human pulpitis. 

        Classic proinflammatory cytokines (such as IL-1 and TNF) are synergistic, 

redundant, and pleiotropic molecules produced by a variety of cell types including 

phagocytic cells such as monocytes/macrophages and the central nervous system 

(CNS) cells. Bacterial lipopolysaccharide, a component of the cell wall of Gram-

negative bacteria, activates these cells to produce and secrete proinflammatory 

cytokines. Proinflammatory cytokines are involved in a variety of immune and 

inflammatory responses, most notably, the initiation of an adaptive local inflammatory 

response that helps to contain and eliminate invading pathogens. HMGB1 has been 

discovered to have many characteristics similar to classic proinflammatory cytokines. 

Phatological amounts of LPS increase levels of IL-1 and TNF in serum and peripheral 

immune tissue (such as lung and liver) and the pharmacological inhibition of any of 

the mediators significantly improves survival after a lethal dose of endotoxin (99-101). 

The finding of HMGB1 as a general proinflammatory mediator has opened up a new 

venue for anti-inflammatory intervention. In comparison with previously investigated 

TNF-α and IL-1 blocking therapy in acute inflammatory conditions, HMGB1-targeted 

therapies have a wider temporal treatment window.  It is theoretically possible that 
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HMGB1-blocking therapy may provide additional clinical benefit to TNF-α and IL-1 

blocking therapy in chronic disease (102). HMGB1-targeted intervention with either 

neutralizing antibodies or the antagonistic A box domain of HMGB1 ameliorates 

collagen-induced arthritis both in mice and rats, and inhibits the local overexpression 

of IL-1beta in the joints. It is thus conceivable that therapeutic HMGB1 blockade may 

contribute to future treatment of human chronic arthritis (103). Therefore, a continued 

expression of HMGB1 over time following inflammation can act, at least in part, as an 

important amplification signal for progressive pulpal destruction. 

        Substance P, found in tooth pulp samples, having a clinical diagnosis of acute 

irreversible pulpitis (104), exerts its biological actions by binding to neurokinin-1 

(NK1), located on most inflammatory and neuronal cells in pulp tissues (105). 

However, no evidence of the behavior of NK1 receptor expression during normal and 

inflamed stages in human dental pulp cells has been reported. In comparison with 

HMGB1 and engagement of RAGE on the pulp cells (odontoblasts and fibroblasts), 

both of these mechanisms can induce IL-8 production and activate NF-κB and p38 

MAP kinase pathways (20). HMGB1 may produce proinflammatory cytokine-like 

effects directly by activating signaling cascades utilized by NF-κB and p38 MAP 

kinase pathways or indirectly by inducing proinflammatory cytokines (21).  In this 

circumstance, a discovery of RAGE and HMGB1 in excessive inflammatory pulp may 

help to clarify the acceptably “novel mechanism” in pulp disease. In comparison with 

those previously investigated, it is possible that antagonist of RAGE and HMGB1 

might have a valuable therapeutic role for the management of irreversible pulpitis. The 

postulate signaling pathway of inflammation by HMGB1 suggests that HMGB1 binds 

to RAGE on pulp cells leading to translocation of transcription factors.  In response, 

pulp cells express RAGE and many proinflammatory cytokines lead to inflammatory 

response, transmigration of leukocytes, neutrophils recruitment and hyperalgesia 

(Figure 16.). Further experiments are underway to investigate this pathway. 

Accordingly, in vitro and in vivo studies of more subjects are required to examine the 

roles of RAGE and HMGB1 in the pulp pathology. 
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Figure 16. The postulate signaling pathway of inflammation by the binding of 

RAGE and HMGB1. 
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CHAPTER VII 

CONCLUSION 
        From this study, it can be concluded that: 

• RAGE is overexpressed in human inflammatory pulpal disease tissues  

and localized on the capillary endothelial cells, odontoblast and  

fibroblast-like cells.   

• Healthy pulp tissues show RAGE expression in capillary endothelial   

cells and fibroblast-like cells.   

• RAGE ligand, HMGB1 is also increased in  pulp inflammatory tissues 

compared with healthy tissues.  

        Our findings imply that understanding the mechanisms of pro-inflammatory 

mediator HMGB1 may lead to novel therapeutic approaches in pulpal diseases.  
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