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CHAPTER I 
 

INTRODUCTION 
 

Background and rationale 
 

Interleukin-6 (IL-6) is a highly pleiotropic cytokine that mediates the host 

response to injury and infection. It regulates various aspects of the immune response, 

acute phase reaction, hematopoiesis, and has effects on B- and T-cell growth and 

differentiation. IL-6 is produced locally in bone following stimulation by IL-1 and tumor 

necrosis factor (TNF) (Feyen et al, 1989; Kurihara et al, 1990). IL-6 and IL-6 mRNA are 

produced by numerous cells types, including macrophages, monocytes, endothelial 

cells, and smooth muscle cells (Kishimoto et al, 1995 for review). Furthermore, IL-6 can 

be secreted by dental cell such as HDP, gingival fibroblast, periodontal ligament cells 

(Hosoya et al, 1996; Belibasakis et al, 2005; Ogura et al, 1994). IL-6 is involved in the 

pathogenesis of various inflammatory diseases such as Rheumatoid arthritis, multiple 

myeloma and osteoporosis (Hirano et al., 1988, Kawano et al, 1988, Jilka et al, 1992).  

IL-6 is a proinflammatory cytokine that possesses activities that involve the 

process of osteoclastogenesis. IL-6 may enhance or suppress inflammatory bone 

destruction ((Jilka et al, 1992, Balto et al, 2001). IL-6 stimulates the formation of 

osteoclast precursors from colony-forming unit–granulocyte-macrophage and increases 

osteoclast numbers in vivo leading to systemic increases in bone resorption (Jilka et al, 

1992). IL-6 can suppress bone resorption, Balto (Balto et al, 2001) demonstrate that 

mice lacked IL-6 have significantly increased bone resorption following pulpal infection, 

compared to wild-type controls. They concluded that IL-6 suppress bone resorption due 

to the anti-inflammation effect. Gorny (Gorny et al, 2004) also suggest that IL-6 in 

particular in murine cells may have a direct inhibitory action on osteoclast forming 

hematopoietic cells in vitro.  

Osteoclast is an important cell responsible for bone resorption. The cytokines 

proximally responsible for the formation and activation of osteoclasts are RANKL 
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(receptor activator of nuclear factor kappa B ligand) and OPG (osteoprotegerin) (Suda 

et al, 1997). RANKL has been shown to both activate mature osteoclasts and mediate 

osteoclastogenesis in the presence of M-CSF (macrophage colony stimulating factor) 

(Tanaka et al, 1993). OPG acts as a decoy receptor for RANKL, preventing it from 

binding to and activating RANK. It also inhibits the development of osteoclasts and 

down regulates the RANKL signaling through RANK. 

IL-6 exerts its activity via a cell surface receptor which consists of two 

components, a ligand-binding 80-kDa glycoprotein chain (IL-6R, gp80) and a non-

ligand-binding but signal transducing 130-kDa glycoprotein chain (gp130) (Taga et al, 

1989). It was reported that the genetically engineered human and mouse soluble IL-6R 

(sIL-6R), which lacks transmembrane and cytoplasmic regions, could also mediate the 

IL-6 signal through gp130 (Taga et al, 1989). IL-6 can stimulate osteoclast-like cell 

formation in human marrow cultures in both absence and presence of sIL-6R (Lowik et 

al, 1989, Moonga et al, 2002). From the study of Tamura et al (1993) suggests that 

increased circulating or locally produced sIL-6R induces osteoclast formation in the 

presence of IL-6. This is in agreement with investigations of Palmqvist (Palmqvist et al, 

2002), where it has been shown that IL-6 does not stimulate releasing of mineral and 

bone matrix of bone explant unless sIL-6R is present. Furthermore, Irwin also suggest 

that the combination of IL-6 and sIL-6R can activated expression of MMP-1, the 

molecule responsible for degrade extracellular matrix in bone resorption process (Irwin 

et al, 2002). There are inconsistent with the study of Lowik (Lowik et al, 1989) and Ishimi 

(Ishimi et al, 1990) that IL-6 can be stimulated in vitro bone resorption in fetal mouse 

metacarpals and calvaria without adding exogenous sIL-6R. There are the studies 

showed that IL-6 can stimulate the expression RANKL in both membrane-bound and 

soluble (Nakashima et al, 2000). ELISA and RT-PCR results showed that the 

combination of IL-6 and sIL-6R can stimulate the releasing of both mineral and matrix 

from bone explants and activate expression of RANKL and OPG in calvarial bones 

(Palmqvist et al, 2002). Further more, IL-6 also enhances RANKL sensitivity of pagetic 

osteoclast precursors and so contributes to elevation of osteoclast numbers in Paget’s 

disease (Menaa et al, 2000). 
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Many studies showed dental cell can express RANKL and OPG that involved in 

bone resorption (Rani and MacDougall, 2000; Lossdorfer et al, 2002). Moreover, Teng et 

al (2000) found that Actinobacillus actinomycetem Comitan can upregulate CD4+ T 

lymphocytes to increase RANKL production and to enhance alveolar osteoclastic bone 

resorption in periodontitis murine. Kanzaki et al (2002) showed that PDL cells under 

mechanical stress increase expression of RANKL and osteoclast formation during 

orthodontic tooth movement.  

Dental pulp is a loose mesenchymal tissue enclosed in the mineralized tissue 

dentin. Dental caries is the most common cause of pulpal inflammation which allows 

pulp cells to be exposed with oral bacteria or bacterial products and may result in 

pulpitis. The inflammatory process in pulpitis is basically similar to that in connective 

tissue elsewhere in the body. When the inflammatory exudates leave the vessel because 

of an increase in hydrostatic pressure, there is a corresponding rise in the interstitial 

pressure and releasing many inflammatory cytokines such as prostaglandin, 

collagenase, Interleukin-1β (IL1β), Interleukin-6 (IL-6) and etc (Hosoya and 

Matsushima, 1996; Matsushima et al, 1998; O’Boskey and Panagakos, 1998). The 

sequelae of pulpal inflammation are varying such as pulp necrosis, external root 

resorption, internal root resorption, bone resorption and etc. IL-6 is not spontaneously 

produced by intact normal cells; in general, its secretion requires a stimulus, for 

example, following cellular activation by Peptidoglycan from Lactobacillus casei 

(Matsushima et al, 1998), Methyl mercaptan (CH3SH) (Coil et al, 2004) and etc. The 

study of Barkhordar (Barkhordar et al, 1999) also found more intense IL-6 protein in 

inflamed human pulp tissue than in healthy pulpal tissue. There are showed on the study 

above that IL-6, RANKL, OPG and M-CSF can present in the dental pulp in many 

situation. Although, several studies have also shown that IL-6 can activate expression of 

RANKL and OPG on many cells but on HDP has not been elucidated. Increased IL-6 on 

HDP cells may play important role in the kinetics of internal root resorption. Objective of 

this study are to evaluate the effect of IL-6 and combination of IL-6 and IL-6R on the 

production of RANKL, OPG and M-CSF in HDP cells and also on the osteoclast 

differentiation.  
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Research questions 
 

1. Whether IL-6 can affect RANKL, OPG, M-CSF expression in human 

dental pulp cell (HDP) cells. 

2. Whether combination of IL-6 and IL-6R can affect RANKL, OPG, M-CSF 

expression in HDP cells. 

 
Objective 
 

1. To determine the level of RANKL, OPG and M-CSF expression in HDP 

cells modulated by IL-6 

2. To determine the level of RANKL, OPG and M-CSF expression in HDP 

cells modulated by the combination of IL-6 and sIL-6R. 
 
Hypothesis 
 

IL-6 and sIL-6R could affect RANKL, OPG and M-CSF expression in HDP cells.  

 
Research design 
 

Laboratory experimental research 

• To detect mRNA level use RT-PCR analysis 

• To detect protein level use Western blot analysis and ELISA 
Keyword 
 

Human dental pulp (HDP) cells 

Interleukin-6 (IL-6) 

Interleukin-6 receptor (IL-6R) and soluble IL-6R (sIL-6R) 

Receptor activator of NF-κB (RANK) and ligand (RANKL)  

Macrophage colony-stimulating factor (M-CSF) 
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Osteoprotegerin (OPG). 

Osteoclast 
Limitation of research 
 

In vitro study  
 
Benefit 
 

 We anticipate that the results from this line of investigation would provide a 

better understanding of the internal root resorption process. With proper knowledge of 

the biological processes, manipulation of the response of the cellular network may be 

possible, thus leading us to new and specific therapies for internal root resorption in the 

future. 

 
Ethical consideration 
 
 None 
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CHAPTER II 
 

LITURATURE REVIEWS 
 

Bone is a specialized connective tissue formed by a mineralized matrix that 

confers its elastic and strength properties. Bone remodeling involves synthesis of 

organic matrix by osteoblasts, and bone resorption by osteoclasts. This equilibrium is 

tightly regulated by many physical parameters (ie, mechanical stimulations) and 

numerous polypeptides (hormones, cytokines) (Heymann and Rouesselle, 2000 for 

review). Receptor activator of NF-κB ligand (RANKL) (Suda et al, 1997) is an important 

cytokine for regulate osteoclastogenesis that acts through its osteoclastic receptor, 

receptor activator of NF-κB (RANK) in the present of M-CSF (Tanaka et al, 1993), while 

osteoprotegerin (OPG) serves as a decoy receptor that binds RANKL and prevents 

activation of RANK (Suda et al, 1997).  

IL-6, one of the important cytokines, also involve in bone resorption process. IL-6 

is an instrumental in amplification of the immune response and may directly be involved 

in tissue destruction in many diseases. IL-6 can induce osteoclast differentiation 

depends on IL-6 receptors that expressed on osteoblast (Udagawa et al, 1995). The 

background and interactions between these cytokines that responsible in 

osteoclastogenesis are presented in this review literature. 

 
Interleukin-6 (IL-6) 
 
IL-6 is a multifunctional cytokine that plays a central role in host defense due to 

its wide range of immune and hematopoietic activities and its potent ability to induce the 

acute phase response. IL-6 is a member of the family of cytokines that includes 

interleukin-11, leukemia inhibitory factor, oncostatin M, cardiotrophin-1, and ciliary 

neurotrophic factor (Heinrich et al, 1998). They activate target genes involved in 

differentiation, survival, apoptosis and proliferation. The IL-6 gene is located at 

chromosome 7p21 (Sehgal et al., 1986) and 5 (Mock et al., 1989) in the human and 
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mouse genomes, respectively. IL-6 and IL-6 mRNA are produced by numerous cells 

types, including macrophages, monocytes, fibroblast, endothelial cells, and smooth 

muscle cells. IL-6 also has a wide range of biological activities on various target cells 

(figure A). In accordance with its functional pleiotropy, IL-6 has been implicated in the 

pathology of many diseases including multiple myeloma (Kawano et al, 1988), 

rheumatoid arthritis (Hirano et al, 1988), Castleman’s disease (Yoshizaki et al., 1989), 

psoriasis (Grossman et al., 1989), and osteoporosis (Jilka et al 1992). 

 

B cell T cell Fibroblast Macrophag Monocyte 

IL-6 

B cell 

Ig production Differentiation 

osteoclas megakaryocyte 

platelet 

T cell 

Differentiation 

Hematopoietic stem cell 

differentiation, 
proliferation 

 
 
Figure A IL-6-producing cells and biological activities of IL-6. IL-6 is produced by lymphoid and 

nonlymphoid cells, such as T cells, B cells, monocytes, fibroblasts, keratinocytes, endothelial cells, 

mesangial cells, and several kinds of tumor cell (top of figure). IL-6 also has a wide range of 

biological activities on various target cells (bottom of figure). (modify from Naka et al, 2000) 
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Biological activities of IL-6 are mediated by the IL-6 receptor system, which 

comprises two membrane proteins, the ligand binding α-subunit receptor (IL-6R or 

gp80) and the signal transducing β-subunit (gp130) (Taga et al, 1989). Although the 

human IL-6 receptor (hIL-6R) shows a broad distribution (e.g. activated B cells, resting T 

cells, B lymphoblastoid cell types, hepatoma lines, myeloma and monocyte cell lines), 

some cell types lack this receptor. Normal cells usually express between 102 and 103 

receptors.  

The gp80, cytoplasmic segment of the IL-6R is relatively short (82 amino acids) 

and lacks intrinsic catalytic activity (Yamasaki et al, 1988). The cDNA of the human IL-

6R (hIL-6R) encodes a protein of 468 amino acids, including a signal peptide of 19 

amino acids, an extracellular region of 339 amino acids, a transmembrane domain of 28 

amino acids, and a short cytoplasmic domain of 82 amino acids (Yamasaki et al., 1988). 

There are six potential N-linked glycosylation sequences in the extracellular domain. 

(Figure B)  

 

Extracellular domain 

Intracellular domain 

 
Figure B Structure of IL-6R and gp130. Schematic representation of the IL-6R and gp130. The 

shaded horizontal line represents a cell membrane. (apply from Richard et al, 1997) 
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Furthermore, IL-6R has a soluble (sIL-6R) form that can act like the membrane-bound 

form. sIL-6R may be generated by a proteolytic shedding of membrane bound IL-6R or 

from an alternatively spliced of mRNA species (Lust et al, 1992; Horiuchi et al, 1994). A 

natural secreted soluble form of IL-6R that is capable of binding IL-6 has been detected 

in low abundance in human urine (Novick et al, 1989) and serum (Narazaki et al, 1993; 

Frieling et al, 1994).  

  The gp130 (130 kD protein), which does not bind directly to IL-6, is the molecule 

that responsible for signal transduction. The cDNA of human gp130 encodes a protein 

consisting of 918 amino acids, which includes a leader sequence of 22 amino acids, an 

extracellular domain of 597 amino acids, a transmembrane domain of 22 amino acids, 

and a cytoplasmic domain of 277 amino acids (Hibi et al, 1990) (figure 2). Gp 130 has 

the soluble form lik gp80 receptor (Kishimoto et al, 1995 for review). 

Binding of IL-6 to its receptor initiates cellular events including activation of JAK 

kinases and activation of ras-mediated signaling (figure C). Activated JAK kinases 

phosphorylate and activate STAT transcription factors, particularly STAT3, that move into 

the nucleus to activate transcription of genes containing STAT3 response elements. The 

ras-mediated pathway, acting through Shc, Grb-2 and Sos-1 upstream and activating 

Map kinases downstream, activates transcription factors such as ELK-1 and NF-IL-6 

(Heinrich et al, 2003 for review)  
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Figure C  The JAK–STAT signal transduction pathway and MAPK pathway were induced by IL-6 

 

IL-6 involve in the bone resorption process and osteoclastogenesis. IL-6 may 

enhance or suppress inflammatory bone destruction ((Jilka et al, 1992, Balto et al, 

2001). IL-6 stimulates the formation of osteoclast precursors from colony-forming unit–

granulocyte-macrophage and increases osteoclast numbers in vivo leading to systemic 

increases in bone resorption (Jilka et al, 1992). Littlewood (Littlewood et al, 1991) 

showed that human osteoblasts produced IL-6 in response to several external stimuli. 

This could be implied for the role of IL-6 in bone remodeling and systemic responses to 

local injury. IL-6 can suppress bone resorption, Balto (Balto et al, 2001) demonstrate 

that mice lacked IL-6 have significantly increased bone resorption following pulpal 

infection, compared to wild-type controls. They concluded that IL-6 suppress bone 

resorption due to the anti-inflammation effect. Gorny (Gorny et al, 2004) also suggest 

that IL-6 in particular in murine cells may have a direct inhibitory action on osteoclast 

forming hematopoietic cells in vitro. Moreover Huang et al show in their study that the 

lack of IL-6 enhanced periapical inflammation as evidenced by the finding that lesions 

developed faster at an earlier phase in the IL-6 knock-out mice than the lesions 

developed in the IL-6 wild-type mice. However, IL-6 depletion did not prevent bone 
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resorption; in fact, it promoted the resorption as the result of enhanced inflammation 

(Huang et al, 2001). 

 In vitro studies in various cells culture have demonstrated that the addition of 

sIL-6R in conjunction with IL-6 induced effects on bone resorption but not seen when IL-

6 was added alone. From the investigations of Palmqvist (Palmqvist et al, 2002), where it 

has been shown that IL-6 does not stimulate releasing of mineral and bone matrix of 

bone explant unless sIL-6R is present. Furthermore, Irwin also suggest that the 

combination of IL-6 and sIL-6R can activated expression of MMP-1, the molecule 

responsible for degrade extracellular matrix in bone resorption process (Irwin et al, 

2002). This is in agreement with investigations in mouse bone marrow cultures, where it 

has been shown that IL-6 does not stimulate osteoclast formation unless sIL-6R is 

present (Tamura et al, 1993). However, there are many studies show IL-6 can stimulate 

bone resorption in the absence of sIL-6R. For example Lowik and Ishimi have suggested 

that IL-6 can be stimulated in vitro bone resorption in fetal mouse metacarpals and 

calvaria without adding exogenous IL-6R (Lowik et al, 1989, Ishimi et al, 1990).  

There are some studies suggest that IL-6 may contribute to bone loss caused by 

estrogen deficiency (Jilka et al, 1992). Estrogen can decrease the levels of the IL-6 

mRNA. In addition, estrogen inhibited TNF-α, the cytokine that can induced IL-6 

production in primary bone cell cultures derived from neonatal murine calvaria (Girasole 

et al, 1992). Furthermore, Girasole et al also show in their study, TNF-stimulated 

osteoclast development was suppressed by a neutralizing monoclonal anti-IL-6 

antibody.  

Bone is a specialized connective tissue formed by a mineralized matrix that 

confers its elastic and strength properties. Bone remodeling allows to adapt bone tissue 

to mechanical constraints and to maintain phosphocalcic homeostasis through 

coordinated phases of formation and resorption. Thus, bone remodeling involves 

synthesis of organic matrix by osteoblasts, and bone resorption by osteoclasts. This 

equilibrium is tightly regulated by physical parameters (ie, mechanical stimulations) and 

numerous polypeptides (hormones, cytokines). Any disturbance between these 

effectors leads to the development of skeletal abnormalities, characterized by 
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decreased (osteoporosis) or increased (osteopetrosis) bone mass. Osteoblasts and 

osteoclasts are responsible for the maintenance of the dynamic balance between bone 

formation and resorption which is essential for the integrity of the skeleton. Osteoclast, 

the multinucleated cells that resorb bone, develops from hematopoietic cells of the 

monocyte/macrophage lineage (Greenfield et al, 1999, Yasuda et al, 1999). Mature 

osteoclasts are multinucleated giant cells that express high levels of tartrate-resistant 

acid phosphatase (TRAP), the most noticeable feature of the osteoclast. Situated on the 

endosteal bone surfaces, these cells are polarized, furnished with a ruffled border 

surrounded by the sealing zone on their base, the basolateral membrane and the apical 

functional secretory domain. The role of osteoclasts is to degrade mineralized bone 

matrix. This mechanism involves dissolution of crystalline hydroxyapatite and proteolytic 

cleavage of the organic matrix. Dissolution of mineral is achieved by secretion of HCl via 

the action of ATP-dependent vacuolar proton pumps across the ruffled border 

membrane as well as in intracellular vacuoles. Actin and theαvβ3 integrin facilitated the 

attachment of the osteoclast to bone. Carbonic anhydrase II (CAII) generates proton 

and bicarbonate from carbon dioxide and water to achieve acidification of the resorption 

lacunae and begin the process of bone demineralization. Proton is then actively 

transported through the action of ATP6i across the membrane of the ruffled border. 

Chloride channels balance the charge of ions across the membrane through coupling 

with the proton pump. Finally, excess bicarbonate is removed through the basolateral 

membrane by passive exchange with chloride. RANKL, the critical gene of osteoclast 

differentiation, activation and survival of mature osteoclasts, binds to RANK and 

activates at least five distinct signaling cascades: inhibitor of NF-kB kinase (IKK), c-Jun 

N-terminal kinase (JNK), p38, and NFAT2. (see figure D) 
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Figure D Model of a resorbing osteoclast. 

 

Osteoclastogenesis depends on several local factors secreted by pluripotent 

bone marrow stromal cells and on mature osteoblasts. It has been demonstrated that 

osteoblasts or stromal cells play a role in osteoclast differentiation, and interaction of 

these cells with osteoclast precursors is important for the osteoclastogenesis. The 

cytokines proximally responsible for the formation and activation of osteolasts have 

recently been identified. RANKL and OPG have been identified as members of a ligand-

receptor system that directly regulates osteoclast differentiation and bone resorption. 

RANKL has been shown to both activate mature osteoclasts and mediateo 

steoclastogenesis in the presence of M-CSF. The balance RANKL/OPG was 

systematically analyzed, compared to healthy controls and correlated to the severity of 

osteolysis. 
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Receptor activator of NF-κB (RANK) and ligand (RANKL)  
 

RANKL is a member of the TNF superfamily, is expressed by a variety cell types, 

including osteoblast/stromal (Horwood et al, 1998), T cell line (Horwood et al., 1999) , 

endothelial cell (Ishida et al., 2002), odontoblasts, odontoclasts,  human pulp fibroblast 

and periodontal ligament cell from both deciduous and permanent teeth (Lossdorfer et 

al., 2002, Hasegawa et al., 2002a,b). RANKL is involved in many diseases such as 

rheumatoid arthritis (Takayanagi et al, 1997), multiple myeloma (Giuliani et al, 2001), 

breast cancer (Kitazawa, 2002) and etc. RANKL gene product is a 401 amino acid 

polypeptide. The receptor of RANKL is RANK. RANK is a transmembrane protein of 616 

amino-acids which belongs to the TNF receptor (TNFR) superfamily. This natural 

receptor of RANKL is expressed primarily on the cells of the monocyte/macrophage 

lineage including osteoclastic precursors, B and T cells, dendritic cells and fibroblasts. 

Binding of RANKL to its receptor, expressed on the surface of osteoclasts and their 

precursors promote osteoclast differentiation and activation. A ligand binding of RANK 

to the receptor leads to an activation of NF-κB, c-Jun N-terminal kinase (JNK), calcium 

signaling, and induction of gene expression programs in these cells (Hofbauer and 

Heufelder, 2001 for review). RANKL exists both in a soluble and a membranous forms, 

which are differently modulated by agents such as 1,25-dihydroxyvitamin D3 and 

dexamethasone (Ikeda et al, 2001). The soluble form, which corresponds to the c-

terminal part of membranous RANKL, may be produced either directly by the cell 

through an alternative splicing followed by an excretion in the extra-cellular medium, or 

by a proteolytic cleavage of membranous RANKL. Nakashima (Nakashima et al, 2000) 

showed in the present study that IL-6 can stimulating osteoclast development via the 

expression of RANKL in both soluble and membrane-bound forms but membrane-bound 

RANKL works more efficiently than soluble RANKL in the osteoclastogenesis 

development. Jimi (Jimi et al, 1999) also found in their study that the secreted form of 

RANKL has an effect on the survival, multinucleation and pit-forming activity of murine 

osreoclasts.  
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Macrophage colony-stimulating factor (M-CSF) 
 

M-CSF has been identified both in vitro and vivo by its ability to support the 

clonal growth and differentiation of precursor cells of monocytes macrophage lineage. 

The result from many studies showed that M-CSF is indispensable for both the 

proliferative phase and the differentiation phase of osteoclast development (Kodama et 

al., 1991, Suda et al., 1999). M-CSF was also identified in extracts from a variety of 

tissues, and the supernatants from various cell and organ cultures (Das et al, 1980, 

Stanley et al, 1981). Maximum stimulation of M-CSF-mediated proliferation can be 

observed at concentrations of 250 pM, and in the case of bone-marrow colony-forming 

cells, proliferation can be detected at concentrations as low as 1 pM (Stanley et al, 

1981). The normal range for serum M-CSF concentration is between 150 and 500 U/ml 

or 3–8 ng/ ml (Barreda et al, 2004 for review). M-CSF is synthesized by a variety of cell 

types including endothelial cells, fibroblasts, bone marrow/stromal cells, osteoblasts, 

thymic epithelial cells, keratinocytes, astrocytes, myoblasts, mesothelial cells, 

endometrial gland cells, and the placentatrophoblast decidual stroma (Barreda et al, 

2004 for review). Stimulation of M-CSF production can also be achieved following 

activation of cells including monocytes, macrophages, microglial cells, endothelial cells, 

T lymphocytes, B lymphocytes, fibroblasts, chondrocytes, and mesangial cells. The 

human M-CSF gene is localized in the short arm of chromosome 1 at positions p13-p21, 

and includes 10 exons and nine introns that span an area of about 21 kb. The biological 

effects of M-CSF are mediated via the high affinity M-CSF receptor (M-CSFR, CD115). 

The c-fms receptor, which is the M-CSF receptor, a member of the class III receptor 

tyrosine kinase family (RTK), is a large integral plasma membrane glycoprotein (140–

150 kDa) with an N-terminal glycosylated extracellular portion containing five repeated 

immunoglobulin (Ig) domains, a short single transmembrane domain, a juxtamembrane 

domain, two intracellular kinase domains divided by a unique kinase insert, and a C-

terminal domain. The M-CSF receptor is expressed primarily on cells on the 

macrophage lineage and, as such, is a useful marker to discriminate between 

monocytic and granulocytic progenitor cells and their differentiated progeny. The human 
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M-CSFR is located on chromosome 5q33.3. The M-CSFR gene is 58 kb in length and is 

composed of 22 exons and 21 introns. It is interesting to note that a variety of 

inflammatory cytokines can up-regulate mononuclear phagocyte expression of M-CSF 

including GM-CSF (Horiguchi et al, 1987), IL-4, TNF-α (Besse et al, 2000), IL-1 

(Falkenburg, 1990), and IFN-γ (Horiguchi et al, 1986).  (Barreda et al, 2004 for review). 

There are many studies both in vivo and vitro revealed that M-CSF is very important in 

osteoclastogenesis (Jimi et al, 1995, Tanaka et al, 1993). Studies in the op/op 

osteopetrotic mouse, which has a point mutation in the M-CSF gene and has severe 

osteopetrosis due to an absence of osteoclast (Yoshida et al, 1990). From this study has 

clearly shown an important role for M-CSF in murine osteoclast development. 

Futhermore, Sundquist found that the injection of M-CSF into op/op mice improves the 

skeletal sclerosis in osteopetrotic mutation mice by in crease osteoclast (Sundquist et al, 

1995). M-CSF also may affect mature osteoclasts, as well as osteoclast precursors. 

There is a study also identified a role for M-CSF in maintaining the survival and 

chemotactic behavior of mature osteoclasts (Suda et al, 1999 for review). In their studies 

showed, M-CSF prevent apoptosis of osteoclasts and enhanced osteoclast motility. To 

confirm the involvement of M-CSF in osteoclast development, normal spleen cells were 

cocultured with osteoblasts derived from op/op mice (Tanaka et al, 1993). When M-CSF 

was added throughout the 6-day coculture period, osteoclasts were formed in response 

to 1α,25(OH)2D3. However, the lack of M-CSF either for the first 4 days or for the final 2 

days failed to result in osteoclast formation. These results confirm that M-CSF is 

indispensable for both the proliferative phase and the differentiation phase of osteoclast 

development. Similarly, Biskobing (Biskobing et al, 1995) showed that M-CSF plays 

important roles in proliferation and differentiation of osteoclast progenitors in mouse 

bone marrow cultures. 
 
Osteoprotegerin (OPG).  
 
OPG plays a pivotal role in bone metabolism regulation by inhibiting osteoclast 

differentiation and activation and increasing osteoclast apoptosis (Yasuda et al, 1998). 
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OPG is identified as a member of the TNF receptor family, but, unlike all other members 

of the family, it lacks a transmembrane domain and represent a secreted TNF receptor. 

OPG mRNA is detected in the calavaria, skin, liver, lung, and heart of the adult mouse, 

and peaks at days 7 and 15 in fetal tissue (Simonet et al, 1997). OPG is expressed 

primarily by bone marrow stromal cells, but can be induced in B lymphocytes, dendritic 

cells, and follicular dendritic cells. It acts as a decoy receptor for RANKL to inhibit 

osteoclastogenesis (Yasuda et al, 1998). The OPG gene product is a 401 amino acid 

polypeptide, which is signal peptidase-cleaved to 380 amino acids (44 kDa), N-linked 

glycosylated (55 kDa), and secreted as a disulfide-linked 110 kDa homodimer 

(Hofbauer and Heufelder, 2001 for review).  

In vitro, both native and recombinant OPG inhibit the formation of multinucleate 

osteoclast-like cells and decrease the expression of osteoclast markers, i.e., the 

calcitonin receptor, integrin, αvβ3, and TRAP. In vivo administration of OPG resulted in 

an increase in bone mineral density and bone volume associated with a decrease of 

active osteoclast number and blood calcium in normal and ovariectomized rats 

(Yamamoto et al, 1998, Akatsu et al, 1998). Ablation OPG by targeted gene deletion in 

mice leads to early onset osteoporosis, demonstrating for the first time a critical 

requirement for endogenous OPG in the maintenance of normal postnatal bone mass 

and skeletal architecture. Many OPG−/− mice exhibit gross skeletal abnormalities from 

shortly after birth up to 5–6 months of age (Bucay et al, 1998). Thus, OPG is an 

important factor negatively regulating osteoclastogenesis both in vivo and vitro. The 

expression of OPG is regulated by growth factors, cytokine and steroid hormones: thus, 

TGFβ, TNFα, IL-1, IL-6 (Palmqvist et al, 2002), estrogen  and BMP-2, which promote 

osteoblast differentiation, can induce OPG expression. In addition, calcium-modifying 

agents (vitamin D, prostaglandins E2, and hydrocortisone), which increase bone 

resorption, also decrease OPG expression by osteoblasts (Walsh and Choi, 2003).  
 
Modulation of RANKL, RANK, OPG and IL-6 
Based on extensive studies on RANKL and OPG in osteoclast biology, it had 

concluded that these two cytokines act as the distal effectors molecules onto which 
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many growth factors, cytokines, peptide and steroid hormones, and drugs known to 

affect bone metabolism converge. Undifferentiated (preosteoblastic) marrow stromal 

cells strongly express RANKL and secret only low levels of OPG. Increased RANKL-to-

OPG ratio is correlated with their capacity to support osteoclast formation and activation. 

Once these cells differentiate towards the mature osteoblastic phenotype, the RANKL-

to-OPG ratio declines, and their osteoclastogenetic capacity is suppressed or lost 

(Deyama et al, 2000). Regulation of RANKL and OPG gene expression as well as OPG 

secretion by human and rodent osteoblastic lineage cells has been extensively studied. 

Many known osteotropic cytokines and hormones have been found to regulate either 

RANKL or OPG, or both, and either in comparable or opposite directions. Hormones that 

regulate RANKL and OPG include steroid hormones (glucocorticoids), 1,25-

dihydroxyvitamin D3, 17β-estradiol, and peptide hormones (parathyroid hormone) 

(Walsh and Choi, 2003 for review). Other modulators include peptide growth factors, 

transforming growth factor β, bone morphogenetic protein 2, basic fibroblast growth 

factor and proinflammatory cytokines (IL-1, IL-6, and IL-11, TNF-αand TNF-β) , 

prostaglandin (Walsh and Choi, 2003 for review).  

There are many studies showed the effect of IL-6 on osteoclastogenesis via 

RANKL-OPG system. For example, Liu et al (2005) showed the effect of IL-6 and 

prostaglandin E2 signaling systems in the enhancement of osteoclastogenesis. IL-6 

increased PGE2 secretion and COX-2 in bone cell. PGE2, in turn, stimulated 

osteoclastogenesis through inhibition of OPG secretion, stimulation of RANKL 

production on osteoblasts, and up-regulation of RANK expression on osteoclasts. In 

addition, IL-6 was the mediator of PGE2-induced suppression of OPG production by 

osteoblasts. Furthermore, there are the studies showed that IL-6 can stimulate the 

expression RANKL in both membrane-bound and soluble (Nakashima et al, 2000). 

ELISA and RT-PCR results showed that the combination of IL-6 and sIL-6R can stimulate 

the releasing of both mineral and matrix from bone explants and activate expression of 

RANKL and OPG in calvarial bones (Palmqvist et al, 2002). Further more, IL-6 also 
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enhances RANKL sensitivity of pagetic osteoclast precursors and so contributes to 

elevation of osteoclast numbers in Paget’s disease (Menaa et al, 2000). 

 
IL-6, RANKL, OPG and M-CSF in human dental pulp cells 

 

Human pulp fibroblasts (HPF) are the predominant cells in pulpal tissue can be 

activated to produce IL-6 and factors which mediate inflammation. Dental caries is the 

most common cause of pulpal inflammation which allows pulp cells to be exposed with 

oral bacteria or bacterial products and may result in pulpitis. The inflammatory process 

in pulpitis is basically similar to that in connective tissue elsewhere in the body. When 

the inflammatory exudates leave the vessel because of an increase in hydrostatic 

pressure, there is a corresponding rise in the interstitial pressure and releasing many 

inflammatory cytokines such as prostaglandin, collagenase, Interleukin-1β (IL1β), 

Interleukin-6 (IL-6) and etc (Hosoya and Matsushima, 1997; Matsushima et al, 1998; 

O’Boskey and Panagakos, 1998). The sequelae of pulpal inflammation are varying such 

as pulp necrosis, external root resorption, internal root resorption, bone resorption and 

etc. IL-6 is not spontaneously produced by intact normal cells; in general, its secretion 

requires a stimulus, for example, following cellular activation by Peptidoglycan from 

Lactobacillus casei (Matsushima et al, 1998), Methyl mercaptan (CH3SH) (Coil et al, 

2004) and etc. The study of Barkhordar (Barkhordar et al, 1999) also found more intense 

IL-6 protein in inflamed human pulp tissue than in healthy pulpal tissue. The study of 

Huang et al (2001) demonstrated the effect of IL-6 depletion on the formation of 

periapical lesions after pulpal infection. Yamaguchi (Yamaguchi et al, 2004) also found 

that Il-6 was produced by human pulp fibroblasts in the inflammatory process of pulp 

tissue during orthodontic tooth movement following stimulation with neuropeptides.  

Rani and MacDougall has demonstrated their study that dental tissue, including 

HDP and odontoblast express OPG, RANKL and M-CSF, factor that are crucial for the 

regulation of osteoclast formation (Rani and MacDougall, 2000). Suzuki et al (Suzuki et 

al, 2004) have reported RANKL mediate osteoclastogenesis during mouse tooth germ 

development. Hasegawa et al (2002a) showed in their study that human PDL cells can 
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express RANKL-OPG and could regulate the differentiation of osteoclasts in from 

deciduous teeth. This study is inconsistent with their study in PDL cells in permanent 

teeth (Hasegawa et al, 2002b). Although PDL cells from permanent teeth can express 

RANKL-OPG like PDL from deciduous teeth but they can not stimulate bone resorption 

in normal situation. These observations concludes that osteoclastogenesis in the 

alveolar bone, which is essential for the accommodation of normal tooth development, is 

mediated by RANK-RANKL signaling (Hasegawa et al, 2002a; Fukushima et al, 2003).  

Taken together, these data suggest that IL-6 plays an important role in 

stimulating bone resorption in some physiological and/or pathological conditions. 

Although, several studies have also shown that IL-6 can activate expression of RANKL 

and OPG on many cells but on HDP has not been elucidated. This is an objective of my 

study to examine the effect of IL-6 on HDP cell to expression of molecule that related 

with bone resorption. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 21 

CHAPTER III 
 

MATERIALS AND METHODS 
 

Material 
1. surgical blade number 15 

2. forceps 

3. 35 mm, Nunc, Denmark 

4. 60 mm tissue culture dish, Nunc, USA 

5. 24-well tissue culture plate, Nunc, USA 

6. 48-well tissue culture plate, Nunc, USA 

7. Laminar flow hood 

8. transfer pipette  

9. Hemocytometer 

10. Cuvette 

11. Dulbecco’s  Modified  Eagle Medium ( DMEM Gibco BRL, USA) 

12. Dulbecco’s  Modified  Eagle Medium without phenol red (DMEM Gibco BRL, 

USA) 

13. 0.25 % trypsin – EDTA 

14. Fetal  bovine serum ; FBS, Gibco BRL, USA 

15. Penicillin  G, Gibco BRL, USA 

16. Streptomycin, Gibco BRL, USA 

17. Amphotericin B, Gibco BRL, USA 

18. L-glutamine, Gibco BRL, USA 

19. Phosphate buffer saline ; PBS 

20. 0.01 molar Borate buffer 

21. 1% Methylene blue 

22. 4% formaldehyde 

23. eluted dye 

24. nitrocellulose membrane 
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25. Tris/HCL 

26. NaCl 

27. EDTA 

28. 1% NP-40 

29. 0.25% Na-deoxycholate 

30. proteinase inhibitors (10 μg/ml aprotinin, 10 μg/ml leupeptin, 1 mM PMSF, 1 mM 

NaF, 1 mM Na3VO4) 

31. 1.5 ml eppendorf tube 

32. 0.65 ml eppendorf tube 

33. PCR tube 

34. Trizol 

35. agarose  

36. TAE 

37. transfer buffer 

38. 75% ethanol 

39. isopropanol 

40. chloroform 

41. nuclease free water 

42. TWEEN-20 

43. M-CSF ELISA kit (Quantikine® R&D System Inc., MN, USA) 
Equipment 

1. CO2  Incubator 

2. autoclave 

3. centrifuged machine 

4. Phase-contrast light microscope 

5. Spectrophotometer 

6. thermocycler 

7. ultraviolet light 
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Methods 
 

Explantation and Toxicity test 
 

Explantation procedure 

 

Human PDL cells were obtained from healthy third molars extracted for 

orthodontic reasons. Triplicate from 3 different people. Informed consent was obtained 

from each patient before the cell culture was performed. All teeth were stored in 

Dulbecco’s modified Eagle’s medium (DMEM, GIBBCO BRL, USA), containing 10% 

FBS, 2mM L-glutamine, 100 units/ml penicillin, 100 μg/ml streptomycin, and 5 μg/ml 

amphotericin B, immediately after extraction. Wash the teeth with phosphate-buffered 

saline (PBS) and remove pulp tissue by broke the teeth with hammer. Pulp tissue were 

remove from each extracted tooth by forceps, cut into 1x1 mm by surgical blade and 

placed on the culture dish (35 mm, Nunc, Denmark). Tissue explants were maintained in 

DMEM supplemented with 10% fetal bovine serum. All of the cultures were incubated at 

37° C in a humidified atmosphere of 5% CO2 in air. When HDP cells migrated from the 

explant had become confluent, they were detached with 0.2% trypsin and 0.02% EDTA 

4 Na in PBS and subcultured in 1:3 split ratio to passage 1st on 60 mm dishes. All of the 

experiment uses only cells from passage 3rd- 5th. 

 

Toxicity test 

 

 HDP fibroblasts were plated in triplicate into 24 well plates, at initial density of 

50,000 cell/cm2 in DMEM plus 10% fetal bovine serum (FBS), 10% FBS, Penicillin  G 

(100 U/ml), Streptomycin sulfate(100 μg/ml), Amphotericin B (25 μg/ml), L-glutamine (2 

mM) overnight. Then the medium was changed to serum free media twice, 3 hours each 

round. 

 After 6 hours, culture medium were changed from serum free mediu to serum 

free media containing various concentration of  IL-6 range from 0, 0.1, 1, 10 ng/ml and 
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culture for another 48 hours. Cell numbers under all conditions were measured by 

methylene blue staining assay method. 

 

Methylene blue staining assay (MB assay) 

 

 Briefly, after remove cells from CO2 incubator, HDP were washed with PBS 2 

times for remove all condition media. Then HDP were fixed with 4% formaldehyde 

solution for 30 minutes, wash with PBS 1 time and borate buffer (0.01 molar, pH 8.5)1 

time respectively. Add 100 μl of 1% methylene blue, left 30 minutes. Vigorously wash all 

wells with borate buffer many times for removing the excess dye, left in room 

temperature until absolutely evaporated. Dissolve the dye with eluted dye 1 ml per well 

and measure the quantity of cells, using the spectrophotometer at wavelength 667 nm. 

 
Determination of M-CSF, OPG, RANKL RNA level 
 

Fibroblasts were plated out in 6-well plates at a density of 200,000 cells per well 

in DMEM supplemented with 10% FBS, for 16 hours. Then the medium was changed to 

serum free media twice, 3 hours each round. After staffing, HDP cell were treated with 

various concentration of IL-6 and sIL-6R (see diagram) at the appropriated 

concentration from growth study above in serum free media without phenol red 

supplemented with 0.5% FBS and incubated for 72 hours. After 72 hours, condition 

media were collected for western blot analysis and HDP cell were extracted for RNA 

isolation. 
 
RT-PCR 

 
RNA isolation

  

After the treatment, total cellular RNA was extracted with TRI Reagent (Molecular 

Research Center, Cincinnati, Ohio, USA) according to manufacturer’s instructions. 
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Brirfly, 1 ml. of TRI reagent was added to each well, scraped the cell layer and incubate 

for 5 minutes and then transfer TRI reagent into 1.5 ml. tube, 200 μl of chloroform was 

added and shaken vigorously. The mixture was then centrifuged at 15,000 rpm for 15 

minutes. The aqueous phase was collected and added isopropanol to precipitate RNA. 

After centrifugation, RNA pellet was dissolved in nuclease free water and the amount of 

RNA was determined by the absorption at 260/280 nm. using a spectrophotometer 

(Thermospectronic, Roche, NY, USA).   

 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

 

One μg of each RNA sample was converted to cDNA by a reverse transcription 

using an AMV (Avian myeloblastosis virus) reverse transcriptase (Promega, Madison, 

WI, USA) for 1.5 hours at 42°C.  Subsequent to the reverse transcription, a polymerase-

chain reaction was performed.  The primers were prepared following the reported 

sequences from GenBank.  The oligonucleotide sequences of the primers are  

M-CSF  forward 5’ CTA AGC TGG ACG CAC AGA CCA 3’ 

  reverse 5’ TCT CAG GCT GCA CAC CTT 3’ 

RANKL  forward 5’ CCA GCA TCA AAA TCC CAA GT 3’ 

 reverse 5’ CCC CTT CAG ATG ATC CTT C 3’ 

 OPG    forward 5’TGCAGTACGTCAAGCAGGAG 3’ 

   Reverse 5’TGACCTCTGTGAAAACAGC 3’ 

GAPDH forward 5’ TGA AGG TCG GAG TCA ACG GAT 3’ 

   reverse 5’ TCA CAC CCA TGA CGA ACA TGG 3’ 

The PCR was performed using Tag polymerase (Qiagen, Hilden, Germany) with 

a PCR volume of 25 μl. The mixtures contained 25 pmol of primers and 1μl of RT 

product. The PCR working conditions were set at a denaturation for 1 min at 94 °C, 

primer annealing for 1 min at 60°C, and chain elongation for 1.45 min at 72°C on a DNA 

thermal cycler (Tpersonal, Whatman Biometra, Goettingen, Germany).   The amplified 

DNA was then electrophoresed on a 2% agarose gel and visualized by ethidium 
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bromide fluorostaining. An intensity of each band was determined by Scion Image 

analysis software (Scion Corporation, Frederick, Maryland).  
 
Enzyme-linked immunosorbent assay (ELISA) for M-CSF 
 

 An ELISA was used for the quantification of M-CSF (Quantikine® R&D System 

Inc., MN, USA). Two monoclonal antibodies with specificity to different epitopes on each 

cytokine molecule of interest were used.  

Assay procedure (briefly) 

 This assay employs the quantitative sandwich enzyme immunoassay technique. 

A monoclonal antibody specific for M-CSF has been pre-coated onto microplate. 

Samples were pipetted into the wells and any M-CSF presented in the sample bound by 

the immobilized antibody. After washing away any unbounded substance by a wash 

buffer, an enzyme-lined polyclonal antibody specific for M-CSF is added to the wells. 

Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution 

is added to the wells and color develops in proportion to the amount of M-CSF bound in 

the initial step. The color development is stopped and the intensity of the color is 

measured at wave length 450 nm within 30 minutes by spectrophotometer.  
 
Western analysis for OPG and RANKL 
 

The amount of OPG was determined from the culture medium. The medium was 

collected and lyophilized to concentrate. The lyophilized was dissolved in sample buffer, 

boiled and subject to SDS-PAGE. 

Due to RANKL was membrane-bounded molecules, protein level should be 

assayed from the cells by following procedure. HDP cells culture in 6-well plates, which 

incubated in appropriate concentration, were washed with PBS 2 times and lysed 

directly with RIPA buffer (50 mM Tris/HCL, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 0.25% 

Na-deoxycholate) containing cocktail protease inhibitors (Sigma Chemical Co., St. 
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Louis, MO, USA).; 10 μg/ml aprotinin, 10 μg/ml leupeptin, 1 mM PMSF, 1 mM NaF, 1 mM 

Na3VO4.  

The amount of proteins was determined using BCA protein assay kit (Pierce, 

Rockford, IL, USA). Protein extraction from each sample was separated by 12% sodium 

dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto 

the nitrocellulose membrane (Immobilon-P, Millipore Corporation, Bedford, MA). The 

membrane was incubated in blocking buffer (5% non-fat dry milk, 0.1% Tween 20 in 

deionized water) at room temperature for 1 hour. Then, the membrane was stained 

overnight with primary antibody for RANKL (Chemicon International, Temecula, CA), 

OPG or β-actin (Chemicon international, Temecula, CA) at the dilution of 1:500 in 

blocking buffer at 4°C. After extensively washed with PBS, the membrane was incubated 

with biotinylated-secondary antibody (Sigma Chemical Co., St. Louis, MO) for 30 

minutes at room temperature, and peroxidase-conjugated streptavidin (Zymed, South 

San Francisco, CA) for 30 minutes, respectively. The protein bands were detected using 

a commercial chemiluminescence system (Pierce, Rockford, IL) and were exposed on 

CL-X Posture film (Pierce, Rockford, IL). The band intensity was determined by Scion 

Image analysis software. 
 
Statistical analysis 
 

Results are expressed as mean ±SD. Statistical difference between groups were 

determined using one-way analysis of variance and LSD’s test was used for post-hoc 

analysis. A p value of less than 0.05 was considered statistically significant. 
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Human pulp cell 
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CHAPTER IV 
 

RESULT 
 
Toxicity test 
 

Methylene blue staining assay shows IL-6 had no significant effect on fibroblast 

growth at any of the concentrations studied. Cell counts under each condition are shown 

in figure 1. 
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Figure 1 Cell counts after 24 hours in culture under each condition. All values are 

indicated by the average ±SD relative to the control from three independent 

experiments. No significantly different from control (p < 0.05). 
 

Effects of IL-6 on RANKL, OPG and M-CSF expression 
HDP cells were cultured in the presence of 0, 0.1, 1, 10 ng/ml IL-6 for 24 hours 

and the cell extracts were collected.  
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Effect on RANKL 

RT-PCR analysis demonstrated that RANKL expression was increased in dose 

dependent manner after treated with various doses of IL-6 (Fig. 2). IL-6 also had effect 

on RANKL protein (Fig. 3), which harmony with the result from RT-PCR.  
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Figure 2 A: Semi-quantitative RT-PCR analysis of RANKL mRNA expression in HDP 

modulated with IL-6. B: The quantification of RANKL expression which normalized to the 

GAPDH. All values are indicated by the average ±SD relative to the control from three 

independent experiments. * Significantly different from control (p < 0.05). 
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Figure 3 A: Western blot analysis of RANKL protein modulated by IL-6. B: The 

quantification of RANKL expression which normalized to the β actin. All values are 

indicated by the average ±SD relative to the control from three independent 

experiments. *Significantly different from control (p < 0.05). 
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Effect on OPG 

The result show OPG expression on HPD cells modu
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comparing to control in both mRNA and protein level (Fig. 4,5).  

    

 
  

                     

 
 

Figure 4 A: Semi-quantitative RT-PCR analysis of OPG mRNA expression in HDP 

modulated with IL-6. B: The quantification of OPG expression which normalized to the 

ed by the average ±SD relative to the control from three 

rom control (p < 0.05).   
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 Effect on M-CSF
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The changing of M-CSF expression on HDP cells does not observe in mRNA 

vel (Fig. 6). The data was confirmed by ELISA for protein measurement (Fig. 7) 
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Figure 6 A: Semi-quantitative RT-PCR analysis of M-CSF mRNA expression in HDP 

modulated with IL-6. B: The quantification of M-CSF expression which normalized to the 

±SD relative to the control from three 

independent experiments. No significantly different from control (p < 0.05). 
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Figure 7 The quantification of M-CSF expression by ELISA. All values are indicated by 

the average ±SD relative to the control from three independent experiments. No 

significantly different from control (p < 0.05). 
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Effects of combination of IL-6 with sIL-6R on RANKL, OPG and M-CSF formation 
HDP cells were cultured in the presence of 1 ng/ml IL-6 and varying dose of sIL-

6R (0, 0.1, 1, 10 ng/ml) for 24 hours and the cell extracts were collected.  
 

Effect on RANKL 

RT-PCR analysis (Fig. 8) indicates that RANKL expression was increased in 

dose dependent manner. In contrast, the result of protein level which analyzed by 

western blot analysis reveal the decreasing of RANKL expression following the increase 

of sIL-6R concentration (Fig. 9).  
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. B: The quantification of RANKL expression which 

normalized to the GAPDH. All values are indicated by the average ±SD relative to the 

control from three independent experiments. *Significantly different from control (p < 

0.05). 
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Figure 8 A: Semi-quantitative RT-PCR analysis of RANKL mRNA expression in HDP cells 

modulated with IL-6 plus sIL-6R
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Figure 9 A: Western blot analysis of RANKL protein modulated by combination of IL-6 

lus sIL-6R. B: The quantification of RANKL expression which normalized to the β actin. 

ll values are indicated by the average ±SD relative to the control from three 

dependent experiments. *Significantly different from control (p < 0.05). 
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protein level is decreased (Fig. 11).  
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modulated with IL-6 plus sIL-6R. B: The quantification of OPG expression which 

normalized to GAPDH. All values are indicated by the average ±SD relative to the control 

from three independent experiments. 
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Figure 11 A: Western blot analysis of OPG protein modulated by combination of IL-6 

plus sIL-6R. B: The quantification of OPG expression. All values are indicated by the 

average ±SD relative to the control from three independent experiments. *Significantly 

different from control (p < 0.05). 
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M-CSF was analyzed after modulated with IL-6 plus sIL-6R. The result (Fig. 12, 

3) shows M-CSF expression does not change in any concentration.  
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CHAPTER V 
 

DISCUSSION AND CONCLUSION 

The present study demonstrates that IL-6 can up-regulate RANKL formation in 

oth mRNA and protein level in HDP cells.  Furthermore, IL-6 had no effect on M-CSF 

and OPG production both in mRNA and protein level. Although, IL-6 had not changed 

the expression of OPG significantly in st tistical analysis but from the trend from 

quantitative analysis, OPG level is likely reductive following increase of IL-6 

concentration. The result may intimate the imbalance of RANKL/OPG on HDP cell 

modulated by IL-6. Imbalance of this com lex may lead to the odontoclastogenesis 

which is an essential process in mineralized issue resorption. Many investigations have 

been reported the effect of RANKL on mineralized tissue resorption. Abnormalities of 

this system have been implicated in the pa ogenesis of some diseases. For example, 

Teng (Teng et al, 2000) showed increasing of RANKL stimulated by A. 

actinomycetemcomitans in periodontitis is the cause of alveolar bone resorption. In 

addition, Fukushima (Fukushima et al, 2002

during physiologic root resorption of deciduous teeth. Moreover, RANKL was found 

increasedly in systemic diseases that relate in bone resorption, i.e.   Rheumatoid arthritis 

(Takayanagi et al, 1997), Multiple ni et al, 2001) and breast cancer 

(Kitazawa, 2002). This phenomenon might be used to explain the mechanism of internal 

root resorption in denta ANKL on HDP cells in 

is experiment. IL-6 can adjust the balance RANKL/OPG ratio on HDP cells like does on 

other ce

 

b

a

p

 t

th

) showed the increasing of RANKL/OPG ratio 

myeloma (Giulia

l pulp due to increasing expression of R

th

lls.  

Although, M-CSF is an important molecule to support the clonal growth and 

differentiation of precursor cells of monocytes macrophage lineage (Kodama et al., 

1991, Suda et al., 1999). However, in the present study IL-6 did not enhance the 

expression of M-CSF. The unchanged of M-CSF expression should not affect the 

activation of osteoclast because M-CSF may be released from inflammatory cells in 
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environment such as monocytes, macrophages, T lymphocytes, and B lymphocytes 

(Barreda et al, 2004 for review) during inflammation. 

HDP cells that used in the present study have been investigate the expression of 

IL-6R by PCR method. The result showed HDP cells can express IL-6R (data shown in 

appendix). In addition, HDP cells can response to IL-6 by increasing in RANKL 

expression, so that HDP cells should possess IL-6R on their cell membrane. Recent 

evidence indicates that another form of IL-6R, sIL-6R, is generated via both cell surface 

proteolysis (shedding) and alternative mRNA splicing (Lust et al, 1992; Horiuchi et al, 

1994). Even though, the IL-6R is not involved in signaling,  soluble form of the IL-6R (sIL-

6R) is still able to bind IL-6 and the complex of IL-6 and the sIL-6R activates target cells 

expressing gp130 in a process termed ‘‘transsignalling’’ (Rose-John and Heinrich, 

1994). It has been shown that IL-6/sIL-6R complex could bind to membrane gp130 with 

high affinity. However the activity of the IL-6/sIL-6R complex is limited by the presence 

of a sol

duced sIL-6R induces osteoclast 

formatio

uble form of gp130 (sgp130) which competes effectively with membrane bound 

gp130 for the sIL-6/IL-6 complex. 

In general, the majority of known soluble cytokine, and hormone receptors act as 

an antagonist activity with its receptors. However, the function of soluble form of the IL-

6R (sIL-6R), which lacks the transmembrane and cytoplasmic parts, is different; the sIL-

6R shows agonistic activity when complexed with its ligand. Tamura et al (1993) 

suggests that increased circulating or locally pro

n in the presence of IL-6. This is in agreement with investigations of Palmqvist 

(Palmqvist et al, 2002) that IL-6 does not stimulate releasing of mineral and bone matrix 

of bone explant unless sIL-6R is present. According to these results, I further investigate 

the combination effect of sIL-6 and IL-6 in HDP cells. In the experiment, sIL-6 was 

added in condition media with IL-6 in varying doses (0, 0.1, 1, 10 ng/ml). The outcome 

show the combination of IL-6 and sIL-6R resulted in significant up-regulate RANKL 

expression only in mRNA level. Interestingly, the result from western blot analysis 

indicated that RANKL and OPG protein was decreased in dose dependent manner. 

Moreover, addition of sIL-6R alone can decrease the level of RANKL expression. This 

result lead to a speculation that sIL-6R might act as an antagonistic mediator of IL-6 by 
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diminishing RANKL expression both background and IL-6 –induced condition on HDP 

cells. These resulted are in contrast with the others. The hypothesis of this phenomenon 

might be defined in some ways.  

In support of previous researches (Bellido et al, 1998; O’Brien et al, 1999), this 

study found that sIL-6R act as up-regulator on RANKL expression in transcriptional 

process by increasing RANKL mRNA. Moreover, the results were in concurrent with the 

investigations of Palmqvist (Palmqvist et al, 2002) in neonatal mouse calvaria that IL-6 

plus sIL-6R stimulate RANKL expression in mRNA level. However, when analyze in 

protein level, the result partially disagree with previous studies. The present result show 

IL-6 plus sIL-6R decrease both RANKL and OPG protein following increased of sIL-6R 

concentration. It may be implicated that sIl-6R act as an antagonistic agent of Il-6 on 

RANKL and OPG expression only in protein synthesis. sIL-6R might inhibit or dawdling 

the translational process of protein production of these proteins. However, others 

possible factors involved in this result should be proven in further study. 

In case of mRNA stability, it is possible that sIL-6R may influent on mRNA 

stability after transcriptional process. The stability of mRNA might be blocked by binding 

of sIL-6R to the system. Thus, the protein levels are decreased due to degradation of 

mRNA following the increasing of sIL-6R concentration. However, the truth of this 

hypothesis should be investigated. 

 The result from the present study reveals that IL-6 increased the expression of 

RANKL in HDP cells. This finding may lead to the implication that increasing IL-6 level in 

dental pulp, following inflammatory process (Hosoya and Matsushima, 1996; 

Matsushima et al, 1998; O’Boskey and Panagakos, 1998), may affect on mineralized 

tissue resorption (root resorption) due to the imbalance of RANKL/OPG system. 

Moreover, the combination of IL-6 and sIL-6R act as antagonistic effect on RANKL and 

OPG expression in protein level. The antagonistic effect of sIL-6R may perform as 

inhibitors of odontoclastogenesis in dental pulp by disturbing the balance of 

RANKL/OPG ratio. 
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Conclusion 
 IL-6 can increase RANKL expression in both mRNA and protein level but no 

effect o

 
 
 
 

 

 

 

n OPG and M-CSF. However, when adding sIL-6R in the experiment, the result 

show sIL-6R can up-regulate RANKL expression only in mRNA level. When analyze in 

protein level, the result indicate that combination of IL-6 and sIL-6R down-regulate 

RANKL and OPG protein in dose dependent manner. 

 
Further studies 

1. To study the effect of HDP cells stimulated by IL-6 on osteoclastogenesis both 

differentiation and activation. 

2. To study mechanism of sIL-6R as a down-regulator on RANKL and OPG protein 

synthesis. 

 
 

 
 

 
 
 
 
 
 

 
 

 

  



 41 

REFERENCES 

Akatsu, T., Murakami, T., Ono, K., Nishikawa, M., Tsuda, E., Mochizuki, S. I., Fujise, N., 

Higashio, K., Motoyoshi, K., ., Nagata, N., (1998). 

Osteoclastogenesis inhibitory factor exhibits hypocalcemic effects in normal 

mice and in hypercalcemic nude mice carrying tumors associated with humoral 

hypercalcemia of malignancy. Bone

 

Yamamoto, M

 23:495-8. 

Balto, K., Sasaki, H., Stashenko, P. ( 01). Interleukin-6 deficiency increases 

inflammatory bone destruction. Infect Immun

20

 69:744-50. 

Barkhordar, R. A., Hayashi, C., Hussain, M. Z. (1999). Detection of interleukin-6 in 

human dental pulp and periapical lesions. Endod Dent Traumatol 15:26-7. 

Barreda, D. R., Hanington, P. C., Belosevic, M. (2004). Regulation of myeloid 

development and function by colony stimulating factors. Dev Comp Immunol  28: 

509-54. 

Belibasakis, G. N., Johansson, A., Wang, Y. ., Lagergard, T., Kalfas, S., Lerner, 

U. H. (2005). Cytokine responses of human gingival fibroblasts to Actinobacillus 

actinomycetemcomitans cytolethal distending toxin. Cytokine

, Chen, C

  30:56-63. 

Besse, A., Trimoreau, F., Praloran, V., Denizot, Y. (2000). Effect of cytokines and growth 

factors on the macrophage g factor secretion by human bone 

marrow stromal cells. Cytokine

colony-stimulatin

 12:522-5. 

 Biskobing, D. M., Fan, X., Rubin, J. (1995) Characterization of MCSF-induced 

proliferation and subsequent osteoclast formation in murine marrow culture. J 

Bone Miner Res 10:1025-32. 

N., Sarosi, I., Dunstan, C. R., Morony, S., Tarpley, J., Capparelli, C., Scully, S., 

Tan, H. L., Xu, W., Lacey, D. L., Boyle, 

Bucay, 

W. J., Simonet, W. S. (1998). 

osteoprotegerin-deficient mice develop early onset osteoporosis and arterial 

calcification. Genes 12:1260-8. 

Coil, J., Tam, E., Waterfield, J. D. (2004) Proinflammatory cytokine profiles in pulp 

roblasts stimulated with lipopolysaccharide and methyl mercaptan. fib dJ Endo  30: 

88-91. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Akatsu+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Murakami+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ono+K%22%5BAuthor%5D


 42 

Das, S K., Stanley, E. R., Guilbert, L. J. (1980). Discrimination of a colony stimulating 

factor subclass by a specific receptor on a macrophage cell line. J Cell Physiol 

104:359–66.  

ys Res 

Deyama, Y., Takeyama, S., Koshikawa, M., Shirai, Y., Yoshimura, Y., Nishikata, M., 

Suzuki, K., Matsumoto, A. (2000). Osteoblast maturation suppressed 

osteoclastogenesis in coculture with bone marrow cells. Biochem Bioph

Commun 274:249-54. 

urg, J. H. F., Harrington, M. A., Walsh, W. K., (1990). Gene expression and 

release of macrophage-colony stimulatin

Falkenb

g factor in quiescent and proliferating 

fibroblasts effects of serum, Fibroblast growth-promoting factors, and Il-1. J 

Immunol 144:4657–62. 

J. HFeyen, H  .E., Trechsel, U. (1989). Interleukin-6 is produced ., Elford, P., Di Padova, F

by bone and modulated by parathyroid hormone. J Bone Miner Res 4:633-8. 

, J. T., Sauerwein, R. W., Wijdenes, J., Hendriks, T., van der Linden, C. J. (1994). 

Soluble interleukin 6 receptor in biological fluids from human origin. 

Frieling

Cytokine 6: 

376-81. 

Fukushima, H., Kajiya, H., Takada, K., Okamoto, F., Okabe, K. (2003). Expression and 

role of RANKL in periodontal ligament cells during physiological root-resorption 

in human deciduous teeth. Eur J Oral Sci 111:346-52. 

d stromal cells and osteoblasts in vitro: a potential mechanism for 

Girasole, G., Jilka, R. L., Passeri, G., Boswell, S., Boder, G., Williams, D. C. (1992). 

Manolagas SC. 17 beta-estradiol inhibits interleukin-6 production by bone 

marrow-derive

the antiosteoporotic effect of estrogens. J Clin Invest 89:883-91 

, NGiuliani

vironment. Blood

., Bataille, R., Mancini, C., Lazzaretti, M., Barille, S. (2001). Myeloma cells 

induce imbalance in the osteoprotegerin/osteoprotegerin ligand system in the 

human bone marrow en  98:3527-33. 

Gorny, G., Shaw, A., Oursler, M. J. (2004). IL-6, LIF, and TNF-alpha regulation of GM-

CSF inhibition of osteoclastogenesis in vitro. Exp Cell Res 294:149-58. 

eld, E. M., Bi, Y., Miyauchi, A. (1999). Regulation of osteoclast activity. Greenfi Life Sci 

65:1087-102. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Belibasakis+GN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Johansson+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wang+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Chen+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lagergard+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kalfas+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lerner+UH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Biskobing+DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Fan+X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Deyama+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Takeyama+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Koshikawa+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shirai+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yoshimura+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yoshimura+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yoshimura+Y%22%5BAuthor%5D


 43 

Grossman, R. M., Krueger, J., Yourish, D., Granelli-Piperno, A., Murphy, D. P., May, L. 

T., Kupper, T. S., Sehgal, P. B., Gottlieb, A. B. (1989). Interleukin 6 is expressed 

in high levels in psoriatic skin and stimulates proliferation of cultured human 

keratinocytes. Proc Natl Acad Sci U S A 86:6367-71. 

Hasegawa, T., Kikuiri, S., Takeyama, Y., Yoshimura, Y., Mitome, M., Oguchi, H., 

Shirakawa, T. (2002). Human periodontal ligament cells derived from deciduous 

teeth induce osteoclastogenesis in vitro. Tissue Cell 34:44-51. 

wa, T., Yoshimura, Y., Kikuiri, T., Yawaka, Y., TakeyHasega ama, S., Matsumoto, A., 

Oguchi, H., Shirakawa, T. (2002). Expression of receptor activator of NF-kappa B 

ligand and osteoprotegerin in culture of human periodontal ligament cells. J 

Periodontal Res 37:405-11. 

h, P. CHeinric , G., Schaper, F. ., Behrmann, I., Haan, S., Hermanns, H. M., Muller-Newen

(2003). Principles of interleukin (IL)-6-type cytokine signalling and its regulation. 

Biochem J 374:1-20. 

h, P. CHeinric r, F., Graeve, L. (1998). ., Behrmann, I., Muller-Newen, G., Schape

Interleukin-6-type cytokine signalling through the gp130/Jak/STAT pathway. 

Biochem J 334: 297-314. 

Heymann, D., Rousselle, A. V. (2000). gp130 Cytokine family and bone cells. Cytokine 

12:1455-68. 

Hibi, M., Murakami, M., Saito, M., Hirano, T., Taga, T., Kishimoto, T. (1990). Molecular 

cloning and expression of an IL-6 signal transducer, gp130. Cell  63:1149-57. 

 T., Matsuda, T., Turner, M., Miyasaka, N., Buchan, G., Tang, B., Sato, K., 

Shimizu, M., Maini, R., Feldmann, M. (1988). Excessi

Hirano,

ve production of interleukin 

6/B cell stimulatory factor-2 in rheumatoid arthritis. Eur J Immunol 18:1797-801. 

er, L. C., Heufelder, A. E. (2001). Role of receptor activator of nuclear factor-

kappaB ligand and osteoprotegerin in bone cell biology. 

Hofbau

MedJ Mol   79:243-53. 

Horiguchi, J., Warren, M. K., Kufe, D. (1987). Expression of the macrophage-specific 

colony-stimulating factor in human monocytes treated with granulocyte-

macrophage colonystimulating factor. Blood 69:1259–61. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Feyen+JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Elford+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Di+Padova+FE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Trechsel+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Trechsel+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Girasole+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Jilka+RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Passeri+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Boswell+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Giuliani+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Bataille+R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mancini+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lazzaretti+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Greenfield+EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Bi+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Miyauchi+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Grossman+RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Krueger+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yourish+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Granelli%2DPiperno+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Murphy+DP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22May+LT%22%5BAuthor%5D


 44 

Horiguchi, J., Warren, M. K., Ralph, P. (1986). Expression of the macrophage specific 

colony-stimulating factor (CSF-1) during human monocytic differentiation. 

Biochem Biophys Res Commun 141:924–30. 

/macrophage cell lines and human peripheral blood 

Horiuchi, S., Koyanagi, Y., Zhou, Y., Miyamoto, H., Tanaka, Y., Waki, M., Matsumoto, A., 

Yamamoto, M., Yamamoto, N. (1994). Soluble interleukin-6 receptors released 

from T cell or granulocyte

mononuclear cells are generated through an alternative splicing mechanism. Eur 

J Immunol 24:1945-1948. 

 in 

Horwood, N. J., Elliott, J., Martin, T. J., Gillespie, M. T. (1998). Osteotropic agents 

regulate the expression of osteoclast differentiation factor and osteoprotegerin

osteoblastic stromal cells.Endocrinology 139:4743-6.  

d, N. J., Kartsogiannis, V., Quinn, J. M., Romas, E., Martin, T. J., Gillespie, M. T. 

(1999). Activated T lymphocytes support osteoclast formation in vitro. 

Horwoo

 Biochem

Biophys Res Commun 265:144-50. 

, S Matsushima, K Ohbayashi, E Yamazaki, M Shibata, Y Abiko, YHosoya . ., ., ., ., ., . (1996)

Stimulation of interleukin-1beta-independent interleukin-6 production in human 

dental pulp cells by lipopolysaccharide. Biochem Mol Med 59:138-43. 

 G. T., Do, M., Wingard, M., Park, J. S., Chugal, N. (2001)Huang, . Effect of interleukin-6 

deficiency on the formation of periapical lesions after pulp exposure in mice. 

Oral Surg Oral Med Oral Pathol Oral Radiol Endod 92:83-8. 

., Kasai, M., Utsuyama, M., Hirokawa, K. (200Ikeda, T 1). Determination of three isoforms 

of the receptor activator of nuclear.factor-kappaB ligand and their differential 

expression in bone and thymus. Endocrinology 142:1419-26 

. R., Myrillas, T. T., Traynor, P., Leadbetter, N., Cawston, T. E. (2002). The role of 

soluble interleukin (IL)-6 receptor in mediating the effects of IL-6 on matrix 

metalloproteinase-1 and t

Irwin, C

issue inhibitor of metalloproteinase-1 expression by 

gingival fibroblasts. J Periodontol 73:741-7. 

A., Fujita, N., Kitazawa, R., Tsuruo, T. (2002). Transforming growth factor-beta 

induces expression of receptor activator of NF-kap

Ishida, 

pa B ligand in vascular 

endothelial cells derived from bone. J Biol Chem 277:26217-24. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hibi+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Murakami+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Saito+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hirano+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hofbauer+LC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heufelder+AE%22%5BAuthor%5D


 45 

Ishimi, Y., Miyaura, C., Jin, C. H., Akatsu, T., Abe, E., Nakamura, Y., Yamaguchi, A., 

Yoshiki, S., Matsuda, T., Hirano, T. (1990). IL-6 is produced by osteoblasts and 

induces bone resorption. J Immunol 145:3297-303. 

Jilka, R. L., Hangoc, G., Girasole, G., Passeri, G., Williams, D. C., Abrams, J. S., Boyce, 

B., Broxmeyer, H., Manolagas, S. C. (1992). Increased osteoclast development 

after estrogen loss: mediation by interleukin-6. Science 257:88-91.  

Jimi, E., Akiyama, S., Tsurukai, T., Okahashi, N., Kobayashi, K., Udagawa, N., Nishihara, 

TT

ion and function. J 

., Takahashi, N., Suda, T. (1999). Osteoclast differentiation factor acts as a 

multifunctional regulator in murine osteoclast differentiat

Immunol 163:434-42. 

., Shuto, T., Koga, T. (1995). Macrophage colony-stimulating factor and 

interleukin-1 alpha maintain the survival of osteoclast-like c

Jimi, E

ells. Endocrinology 

Kanzak

aglandin E2 synthesis. J Bone Miner 

136:808-11.   

i, H., Chiba, M., Shimizu, Y., Mitani, H. (2002). Periodontal ligament cells under 

mechanical stress induce osteoclastogenesis by receptor activator of nuclear 

factor kappaB ligand up-regulation via prost

Res 17:210-20. 

o, M., Hirano, T., Matsuda, T., Taga, T., Horii, Y., Iwato, K., Asaoku, H., Tang, B., 

Tanabe, O., Tanaka, H. (1988). Autocrine generation and requ

Kawan

irement of BSF-

2/IL-6 for human multiple myelomas. Nature 332:83-5. 

to, T., Akira, S., Narazaki, M., Taga, T. (1995). Interleukin-6 family of cytokines 

and gp130. 

Kishimo

Blood 86:1243-1254. 

Kitazawa, S., Kitazawa, R. (2002). RANK ligand is a prerequisite for cancer-associated 

osteolytic lesions. J Pathol 198:228-36. 

a, H., Nose, M., Niida, S., Yamasaki, A. (1991). Essential role of Kodam macrophage 

colony-stimulating factor in the osteoclast differentiation supported by stromal 

cells. J Exp Med 173:1291-4. 

a, N. D., Bertolini, Y., Akiyam, and G. D., Roodman. (1990). IL-6 stimulates 

osteoclast like multinu

Kurihar

cleated cell formation in long term human marrow cultures 

by inducing IL-1 release. J. Immunol 144:4226–4230. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hosoya+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Matsushima+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ohbayashi+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yamazaki+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shibata+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Abiko+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Huang+GT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Do+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wingard+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Park+JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Chugal+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Chugal+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ishimi+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Jilka+RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hangoc+G%22%5BAuthor%5D


 46 

Littlewood, A. J., Russell, J., Harvey, G. R., Hughes, D. E., Russell, R. G., Gowen, M. 

(1991). The modulation of the expression of IL-6 and its receptor in human 

osteoblasts in vitro. Endocrinology 129:1513-20.  

appa}B (RANK) ligand/RANK system. Endocrinology

Liu, X. H., Kirschenbaum, A., Yao, S., Levine, A. C. (2005). Cross-talk between the 

interleukin-6 and prostaglandin E(2) signaling systems results in enhancement of 

osteoclastogenesis through effects on the osteoprotegerin/receptor activator of 

nuclear factor-{k  146:1991-

Lossdo

gand (RANKL) in human 

8.  

rfer, S., Gotz, W., Jager, A. (2002). Immunohistochemical localization of receptor 

activator of nuclear factor kappaB (RANK) and its li

deciduous teeth. Calcif Tissue Int 71:45-52. 

C. W., van der, Pluijm, G., Bloys, HLowik, ., Hoekman, K., Bijvoet, O. L., Aarden, L. A., 

osteogenic cells: a possible role of 

Papapoulos, S. E. (1989). Parathyroid hormone (PTH) and PTH-like protein (PLP) 

stimulate interleukin-6 production by 

interleukin-6 in osteoclastogenesis. Biochem Biophys Res Commun 162:1546-

52. 

 A., Donovan, K. A., Kline, M. Lust, J. P., Greipp, P. R., Kyle, R. A., Maihle, N. J. (1992). 

Isolation of an mRNA encoding a soluble form of the human interleukin-6 

receptor. Cytokine 4:96-100. 

hima, K., Ohbayashi, E., Takeuchi, H., Hosoya, S.,Matsus  Abiko, Y., Yamazaki, M. 

p

(1998). Stimulation of interleukin-6 production in human dental pulp cells by 

eptidoglycans from Lactobacillus casei. J Endod 24:252-5. 

 C., Reddy, S. V., Kurihara, N., Maeda, H., AnMenaa, derson, D., Cundy, T. (2000). 

Enhanced RANK ligand expression and responsivity of bone marrow cells in 

Paget’s disease of bone. J Clin Invest 105:1833–8. 

B. AMock, 

imal region of chromosome 5. J Immunol

., Nordan, R. P., Justice, M. J., Kozak, C., Jenkins, N. A., Copeland, N. G., 

Clark, S. C., Wong, G. G., Rudikoff, S. (1989). The murine Il-6 gene maps to the 

prox  142:1372-6. 

Moonga, B. S., Adebanjo, O. A., Wang, H. J., Li, S., Wu, X. B., Troen, B., Inzerillo, A., 

Abe, E., Minkin, C., Huang, C. L., Zaidi, M. (2002). Differential effects of 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kanzaki+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Chiba+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Shimizu+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mitani+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kitazawa+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Liu+XH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kirschenbaum+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yao+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Levine+AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Levine+AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Levine+AC%22%5BAuthor%5D


 47 

interleukin-6 receptor activation on intracellular signaling and bone resorption by 

isolated rat osteoclasts. J Endocrinol 173:395-405. 

., Nishimoto, N., Kishimoto, T. (2002). The pNaka, T aradigm of IL-6: from basic science 

to medicine. Arthritis Res 4 Suppl 3:S233-42.  

ima, T., Kobayashi, Y., Yamasaki, S., Kawakami, A., Eguchi, K., Sasaki, H., 

Sakai, H. (2002). Protein expression and functional difference of membrane-

bound and soluble receptor activator of NF-kappaB ligand: modulation of the 

expr

Nakash

ession by osteotropic factors and cytokines. Biochem Biophys Res Commun 

Naraza

. (1993). Soluble forms of the interleukin-6 signal-

275:768-75. 

ki, M., Yasukawa, K., Saito, T., Ohsugi, Y., Fukui, H., Koishihara, Y., Yancopoulos, 

G. D., Taga, T., Kishimoto, T

transducing receptor component gp130 in human serum possessing a potential 

to inhibit signals through membrane-anchored gp130. Blood 82:1120-6. 

k, D., Engelmann, H., Wallach, D., Rubinstein, M. (198Novic 9). Soluble cytokine 

receptors are present in normal human urine. J Exp Med 170:1409-14. 

 N., Shibata, Y., Kamino, Y., Matsuda, U., Hayakawa, M., Oikawa, T., Takiguchi, 

H., Izumi, H., Abiko, Y. (1994). Stimulation of 

Ogura,

interleukin-6 production of 

periodontal ligament cells by Porphyromonas endodontalis lipopolysaccharide. 

Biochem Med Metab Biol 53:130-6. 

, C. AO'Brien  S. C. (1999). STAT3 ., Gubrij, I., Lin, S. C., Saylors, R. L., Manolagas,

activation in stromal/osteoblastic cells is required for induction of the receptor 

activator of NF-kappaB ligand and stimulation of osteoclastogenesis by gp130-

utilizing cytokines or interleukin-1 but not 1,25-dihydroxyvitamin D3 or 

parathyroid hormone. J Biol Chem 274:19301-8. 

O'Boskey, F. J., Jr, Panagakos, F. S. (1998). Cytokines stimulate matrix 

metalloproteinase production by human pulp cells during long-term culture. J 

Endod 24:7-10. 

ist, P., Persson, E., Conaway, H. H., Lerner, U. H. (2002). IL-6, leukemia inhibitory 

factor, and oncostatin M stimulate bone resorption and regulate the expression 

Palmqv

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Lust+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Donovan+KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kline+MP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Greipp+PR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kyle+RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maihle+NJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Maihle+NJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Mock+BA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nordan+RP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Justice+MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kozak+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Jenkins+NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Moonga+BS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Naka+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nishimoto+N%22%5BAuthor%5D


 48 

of receptor activator of NF-kappa B ligand, osteoprotegerin, and receptor 

activator of NF-kappa B in mouse calvariae. J Immunol 169:3353-62. 

Rani, C. S., MacDougall, M. (2000). Dental cells express factors that regulate bone 

resorption. Mol Cell Biol Res Commun 3:145-52. 

 P. BSehgal,

beta 2 

., Zilberstein, A., Ruggieri, R. M., May, L. T., Ferguson-Smith, A., Slate, D. L., 

Revel, M., Ruddle, F. H. (1986). Human chromosome 7 carries the 

interferon gene. Proc Natl Acad Sci U S A 83:5219-22. 

t, W. S., Lacey, D. L., Dunstan, C. R., Kelley, M., Chang, M. S., LSimone uthy, R., 

ecreted protein involved in the regulation of 

Nguyen, H. Q, Wooden, S., Bennett, L., Boone, T., Shimamoto, G., DeRose, M., 

Elliott, R., Colombero, A., Tan, H. L., Trail, G., Sullivan, J., Davy, E., Bucay, N., 

Renshaw-Gegg, L., Hughes, T. M., Hill, D., Pattison, W., Campbell, P., Boyle, W. 

J. (1997). Osteoprotegerin: a novel s

bone density. Cell 89:309-19. 

, E. R., Guilbert, L. J. (1981). Methods for the purification assay, characterization, 

and target cell binding of a colony stimulating factor (CSF-1). 

Stanley

J Immunol Meth 

42:253–84. 

., Goto, M., Michizuki, S., Yano, K., Kobayashi, Suda, T F., Morinaga, T., Hisgashio, K. 

(1997). Isolation of a novel cytokine from human fibroblasts that specifically 

inhibits osteoclastogenesis. Biochem Biophys Res Commun 234:137–142. 

Suda, T., Takahashi, N., Udagawa, N., Jimi, E., Gillespie, M. T., Martin, T. J. (1999). 

Modulation of osteoclast differentiation and function by the new members of the 

tumor necrosis factor receptor and ligand families. Endocr Rev 20:345-57. 

ist, K. TSundqu

 (op) mice. 

., Cecchini, M. G., Marks, S. C., Jr. (1995). Colony-stimulating factor-1 

injections improve but do not cure skeletal sclerosis in osteopetrotic

Bone 16: 39. 

 T., Suda, N., Ohyama, K. (2004). OsteoclastogeSuzuki, nesis during mouse tooth germ 

development is mediated by receptor activator of NFKappa-B ligand (RANKL). J 

Bone Miner Metab 22:185-91. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Narazaki+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yasukawa+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Saito+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ohsugi+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Fukui+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Koishihara+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yancopoulos+GD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Taga+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kishimoto+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Palmqvist+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Persson+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Conaway+HH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Conaway+HH%22%5BAuthor%5D


 49 

Taga, T., Hibi, M., Hirata, Y., Yamasaki, K., Yasukawa, K., Matsuda, T., Hirano, T., 

Kishimoto, T. (1989). Interleukin-6 triggers the association of its receptor with a 

possible signal transducer, gp130. Cell 58:573-81. 

nagi, H., Oda, H., Yamamoto, S., Kawaguchi, H., Tanaka, S., Nishikawa, T. 

(1997). A new mechanism of bone destruction in rheumatoid arthritis; synovial 

fibroblasts induce osteoclastog

Takaya

enesis. Biochem Biophis Res Commun 240:279–

Tamura

Y., Ohsug,i Y., Kumaki, K., Taga, T. (1993). Soluble interleukin-6 

86. 

, T., Udagawa, N., Takahashi, N., Miyaura, C., Tanaka, S., Yamada, Y., 

Koishihara, 

receptor triggers osteoclast formation by interleukin 6. Proc Natl Acad Sci U S A 

90:11924-8 

, S., Takahashi, N., Udagawa, N., Tamura, T., Akatsu, T., Stanley, E. R., KurTanaka okawa, 

 T., Suda, T. (1993). Macrophage colony-stimulating factor is indispensable for

both proliferation and differentiation of osteoclast progenitors. J Clin Invest  91

257-63.  

: 

 

 

 alveolar bone destruction in periodontal infection. J Clin Invest

Teng, Y. T., Nguyen, H., Gao, X., Kong, Y. Y., Gorczynski,  R. M., Singh, B., Ellen, R. P.,

Penninger, J. M. (2000). Functional human T-cell immunity and osteoprotegerin

ligand control  106: 

Udaga . 

to, T., Suda, T. (1995). Interleukin (IL)-6 induction of 

 

59-67. 

wa, N., Takahashi, N., Katagiri, T., Tamura, T., Wada, S., Findlay, D. M., Martin, T

J., Hirota, H., Taga, T., Kishimo

osteoclast differentiation depends on IL-6 receptors expressed on osteoblastic

cells but not on osteoclast progenitors. J Exp Med 182:1461-8. 

M. CWalsh, . Cytokine Growth Factor Rev., Choi, Y. (2003). Biology of the TRANCE axis  

Yamag  

r 

osis factor-alpha in human dental pulp cells. Inflamm Res

14: 251-63. 

uchi, M., Kojima, T., Kanekawa, M., Aihara, N., Nogimura, A., Kasai, K. (2004).

Neuropeptides stimulate production of interleukin-1 beta, interleukin-6, and tumo

necr  53:199-204.  

Yamamoto, M., Murakami, T., Nishikawa, M., Tsuda, E., Mochizuki, S., Higashio, K., 

Akatsu, T., Motoyoshi, K., Nagata, N. (1998). Hypocalcemic effect of 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sundquist+KT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Cecchini+MG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Marks+SC+Jr%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Marks+SC+Jr%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Taga+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hibi+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hirata+Y%22%5BAuthor%5D


 50 

osteoclastogenesis inhibitory factor/osteoprotegerin in the 

thyroparathyroidectomized rat. Endocrinology 139:4012-5. 

Yamasaki, K., Taga, T., Hirata, Y., Yawata, H., Kawanishi, Y., Seed, B., Taniguchi, T., 

Hirano, T., Kishimoto, T. (1988). Cloning and expression of the human 

interleukin-6 (BSF-2/IFN beta 2) receptor. Science 241:825-8. 

Yasuda, H., Shima, N., Nakagawa, N., Mochizuki, S. I., Yano, K., Fujise, N., Sato, Y., 

stogenesis in vitro. Endocrinology

Goto, M., Yamaguchi, K., Kuriyama, M., Kanno, T., Murakami, A., Tsuda, E., 

Morinaga, T., Higashio, K. (1998). Identity of osteoclastogenesis inhibitory factor 

(OCIF) and osteoprotegerin (OPG): a mechanism by which OPG/OCIF inhibits 

osteocla  139:1329-37. 

Yasuda, H., Shima, N., Nakagawa, N., Yamaguchi, K., Kinosaki, M., Goto, M., Mochizuki, 

S. I., Tsuda, E., Morinaga, T., Udagawa, N., Takahashi, N., Suda, T., Higashio, K. 

(1999). A novel molecular mechanism modulating osteoclast differentiation and 

function. Bone 25:109-13.  

Yoshida, H., Hayashi, S., Kunisada, T., Ogawa, M., Nishikawa, S., Okamura, H., Sudo, 

T., Shultz, L. D., Nishikawa, S. (1990). The murine mutation osteopetrosis is in 

the coding region of the macrophage colony stimulating factor gene. Nature 

345:442-4. 

ki, KYoshiza ata, ., Matsuda, T., Nishimoto, N., Kuritani, T., Taeho, L., Aozasa, K., Nakah

T., Kawai, H., Tagoh, H., Komori, T. (1989). Pathogenic significance of 

interleukin-6 (IL-6/BSF-2) in Castleman's disease. Blood 74:1360-7. 
 
 

 
 

 
 
 

 

 
 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Udagawa+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Takahashi+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Katagiri+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tamura+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wada+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Findlay+DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Martin+TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Martin+TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hirota+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Taga+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kishimoto+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Suda+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Walsh+MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Choi+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Choi+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yamaguchi+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kojima+T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kanekawa+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Aihara+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Nogimura+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kasai+K%22%5BAuthor%5D


 51 

VITA 
 

She gr

Univers

University from May 2002- October 2003; she started the graduate study for the degree 

Univers
 
 

 

 

 Miss Sai Pinijpaitoon was born on September 18, 1978 in Chanthaburi, Thailand. 

aduated the bachelor degree of Doctor of Dental Surgery from Chiangmai 

ity in 2002. She spent first work as a tutor in Faculty of Dentistry, Thammasart 

of Master of Science Program in Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn 

ity. At present she is a private dentist. 

 

 

 

 

  


	COVER (THAI)
	COVER (ENGLISH)
	ACCEPTED
	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	CONTENT
	CHAPTER I INTRODUCTION
	Background and rationale
	Research questions
	Objective
	Hypothesis
	Research design
	Keyword
	Limitation of research
	Benefit
	Ethical consideration

	CHAPTER II LITURATURE REVIEWS
	Interleukin-6 (IL-6)
	Receptor activator of NF-κB (RANK) and ligand (RANKL)
	Macrophage colony-stimulating factor (M-CSF)
	Osteoprotegerin (OPG)
	Modulation of RANKL, RANK, OPG and IL-6
	IL-6, RANKL, OPG and M-CSF in human dental pulp cells

	CHAPTER III MATERIALS AND METHODS
	Material
	Equipment
	Methods

	CHAPTER IV RESULT
	CHAPTER V DISCUSSION AND CONCLUSION
	REFERENCES
	VITA

	Button2: 
	Button3: 


