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Abstract 
Adipocytokines, such as adiponectin and leptin, are expressed by adipocytes 
and are known as anti-metabolic syndrome factors. They are also thought to 
mediate calcification in mineralized tissue. We investigated the effects of 
adiponectin and leptin on the kinetics of human pulp cells using ELISA and 
western blot. After gaining informed consent, we obtained human pulp cells 
from three patients. After cultivation in Dulbecco’s Modified Eagle Medium 
(DMEM) without serum, cells from the 4th to 6th passages were incubated 
with various concentrations of adiponectin (1, 10, or 100 ng/mL) in DMEM 
or leptin (0.1, 1, or 10 ng/mL) in DMEM for 24 h. We confirmed that human 
pulp cells expressed adiponectin receptor 1 and leptin receptor. Although the 
proliferation index of these cells as measured by 5-bromo-2'-deoxyuridine 
(BrdU) incorporation increased in the presence of adiponectin in a dose-de- 
pendent manner, pulp cells stimulated with leptin showed no significant 
changes in BrdU incorporation. Alkaline phosphatase activity showed no sig-
nificant changes after stimulation with either adipocytokine. Adiponectin 
induced expression of BMP-2 and osteopontin more strongly than did leptin. 
In particular, expression of BMP-2 increased in the presence of adiponectin 
in a dose-dependent manner. In contrast, the expression of dentin sialoprotein 
increased after stimulation with leptin. The expression of Runx2 was not ob-
served from the cultured pulp cells stimulated with both molecules. These 
results indicate that adiponectin and leptin contribute to growth and diffe-
rentiation of human pulp cells and may consequently affect the formation of 
secondary dentin or reparative dentin in the dentin-pulp complex. 
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1. Introduction 

The dentin-pulp complex promotes changes like the formation of secondary 
dentin and the accumulation of collagen fibrils after tooth formation. Addition-
ally, sclerotic dentin in the dentin tubule, reparative dentin at the surface of sec-
ondary dentin, and denticles in pulp tissues are formed in reaction to various 
stimuli. It is thought that the cells that form hard tissue localize in the pulp tis-
sue even after the completion of tooth formation. In fact, human pulp cells show 
high alkaline phosphatase activity in vitro [1] and in the cell-rich zones of pulp 
tissues [2] and pulp tissues contain stem cells [3] [4]. Odontoblasts show os-
teoblast-like characteristics by expressing runt-related transcription factor 2 
(Runx2) [5] and bone morphogenetic protein-2 (BMP-2) [6], and they secrete 
osteopontin (OPN), osteocalcin, and dentin sialophosphoprotein [7]. It is 
thought that odontoblasts promote mineralized tissue formation by the deposi-
tion of dentin matrix components, the same as in the initial mineralized region 
between predentin and the odontoblastic zone. 

Adiponectin and leptin are mainly secreted by adipocytes, are localized in fat-
ty tissues and serum, and function as mediators of sclerosis and diabetes by ac-
celerating fatty acid oxidation in fat tissue, regulating glucose concentrations in 
serum [8], and negatively regulating body weight by stimulating the satiety cen-
ter and sympathetic nervous system [9]. It has been previously shown that os-
teoblasts also express adiponectin, which along with its receptor (AdpR) induces 
the expression of RANKL and promotes the differentiation of osteoclasts [10], 
while knockdown of AdpR1 in osteoblasts reduces this differentiation and calci-
fication [11]. Leptin receptor (LeptinR) also localizes to the membranes of os-
teoblasts, and leptin reduces the expression of RANKL in osteoblasts directly or 
through the sympathetic nervous system, resulting in the activation of osteoc-
lasts [12]. However, there is no information on functions of adiponectin and 
leptin in human pulp cells. 

To investigate the effects of adiponectin and leptin on the kinetics of human 
pulp cells, in this study we examined the expressions of Runx2, BMP-2, dentin 
sialoprotein (DSP), and OPN using ELISA and western blot. 

2. Materials and Methods 
2.1. Pulp Cell Cultures 

All experiments were approved by the Ethics Committee of Osaka Dental Uni-
versity on March 6th in 2005 (No. 050351, principal investigator is Takashi 
Ikeo). Primary pulp cultures were obtained from three patients with informed 
consent as previously described [13]. The tissues were initially cultured in Dul-
becco’s Modified Eagle Medium (DMEM, Nacalai Tesque, Kyoto, Japan) sup-
plemented with 2 mM L-glutamine, 100 μg/mL streptomycin, 100 IU/mL peni-
cillin, and 10% FCS (ICN Biomedicals, Aurora, OH, USA) in a humidified at-
mosphere containing 5% CO2 in air at 37˚C. Then three of the pulp cell cultures 
between the 4th and 6th passage were cultured in DMEM without FCS for two 
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days, and subsequently were cultured in DMEM supplemented with 1, 10, or 100 
ng/mL recombinant human adiponectin (BioVender, Brno, Czech Republic) or 
0.1, 1, or 10 ng/mL recombinant human leptin (MoBiTec, Göttingen, Germany), 
100 μg/mL streptomycin and 100 IU/mL penicillin for 45 min. Controls were 
treated identically, except that neither protein was added. 

2.2. Western blot for AdpR and LeptinR 

Pulp cells were cultivated in 25-cm2 tissue culture flasks and then lysed. The cell 
lysates were solubilized in SDS-PAGE sample buffer, and protein concentrations 
were determined using the bicinchoninic acid method [14]. Equal amounts of 
protein samples were fractionated and then transferred electrophoretically onto 
PVDF membranes [15]. After blocking with 1% bovine serum albumin (BSA) at 
4˚C overnight and incubation with anti-AdpR1 antibody or anti-LeptinR1 anti-
body as described in Table 1 at 4˚C overnight, the proteins were labeled by the 
indirect method of streptavidin-biotin [16]. Protein bands were then visualized 
by subsequent exposure of the membranes on X-ray film, with the molecular size 
of proteins, specificity of antibodies, and expression of each protein confirmed. 

2.3. 5-Bromo 2'-Deoxyuridine (BrdU) Incorporation 

The proliferation of cultured pulp cells was evaluated by measuring BrdU incorpo-
ration (Oncogene Research Products, Cambridge, MA, USA), which was measured 
by indirect enzyme-linked immunosorbent assay (ELISA). The cultures were 
seeded at a density of 3000 cells/well in 96-well plates. After incubating with 
adiponectin or leptin at each concentration in DMEM and 10 μM BrdU for 45 
min, BrdU incorporation was measured using peroxidase-conjugated anti-BrdU 
antibody according to the manufacturer’s instructions (Oncogene Research 
Products). The means and standard errors for measured value were calculated. 

2.4. Analysis of ALP Activity 

Cells in 96-well plates were washed with PBS including 0.2% NP-40 and 1 mM 
MgCl2. After washing, ALP activity was determined by the p-nitro phenyl- 
phosphate method [17]. The means and standard errors for measured value were 
calculated. 
 
Table 1. List of antibodies. 

 Manufacturer Clone Dilution* 

AdpRl Alpha Diagnostic anti-AdipoRl 1 μg/mL: 40 

LeptinR Sigma L9411 100 μg/mL: 1000 

Runx2 Santa Cruz Biotec. C-19 1 mL: 50 

BMP-2 R&D Systems 100221 100 μg/mL: 1000 

DSP Santa Cruz Biotec. C-20 1 mL: 100 

OPN Chemicon Inter. anti-P10451 1 mL: 500 

*All antibodies were diluted by PBS supplemented with 1% BSA. 
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2.5. Western Blot Analyses of Proteins Related to  
Pulp Cell Kinetics 

The expressions of proteins in pulp cells or tissues were examined by western 
blot as described above. Culture supernatants were concentrated by VIVAPORE 
(VIVASCIENCE, Lincoln, UK) and mixed with cells, following dissolution in 
SDS-PAGE sample buffer. After transfer onto PVDF membranes and blocking 
with 1% BSA, each first antibody as described in Table 1 was reacted at 4˚C 
overnight, and the proteins were labeled by the indirect method of streptavi-
din-biotin [16]. 

3. Results 
3.1. Expression of AdpR1 and LeptinR 

We performed western blot to confirm the expressions of AdpR1 and LeptinR 
(Figure 1). These analyses showed that the exposure of pulp cells to DMEM 
supplemented with adipocytokines had different kinetics. In pulp cells, the ex-
pression of AdpR1 was gradually increased in the presence of adiponectin in a 
dose-dependent manner. LeptinR was expressed at a low concentration of lep-
tin, but the expression of LeptinR was diffuse and showed no significant dose- 
dependent changes. We could not detect AdpR2 from pulp cells stimulated with 
adiponectin (data not shown). 

3.2. BrdU Incorporation 

BrdU incorporation increased in the presence of adiponectin in a dose-dependent 
manner (Figure 2). Pulp cells stimulated with leptin showed a tendency toward 
an increase, but there were no significant changes. 
 

 
Figure 1. Western blot for adipocytokine receptors. The exposure of pulp cells to DMEM 
was supplemented with adipocytokines but had different kinetics. In pulp cells, the ex-
pression of AdpR1 was gradually increased in the presence of adiponectin in a dose-de- 
pendent manner. LeptinR was expressed at a low concentration of leptin. However, the 
expression of AdpR2 was not detected (data not shown). 
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Figure 2. BrdU incorporation of pulp cells cultivated with DMEM supplemented with adiponectin or leptin. BrdU incorporation 
increased in the presence of adiponectin in a dose-dependent manner, but pulp cells stimulated with leptin showed no significant 
changes (mean + SE). 

3.3. ALP Activity 

ALP activities were measured in pulp cells cultivated with DMEM supplemented 
with adiponectin or leptin (Figure 3). ALP activity showed no significant changes 
after stimulation with either protein in this dose-dependent study. 

3.4. Western Blot Profiles of Runx2 

In this study, the expression of Runx2 from cultured pulp cells stimulated with 
adiponectin or leptin was examined by western blot (Figure 4). However, we did 
not detect the expression of Runx2, even in trace amounts. 

3.5. Western Blot Profiles for the Expressed Proteins from  
Pulp Cells 

We performed western blot to detect the expressions of kinetics-related proteins 
from pulp cells (Figure 5). In cultured pulp cells treated with adiponectin, the 
expression of BMP-2 was gradually increased in a dose-dependent manner. And 
pulp cells showed that the expressions of DSP and OPN were stimulated by  
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Figure 3. Alkaline phosphatase activity in pulp cells. Alkaline phosphatase activity showed no significant changes after 
stimulation with either adipokine (mean + SE). 

 

 
Figure 4. Western blot for Runx2. At the protein level, the expression of Runx2, which 
appears as a 55 kDa molecule (arrow), was not observed even at trace levels. 
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Figure 5. Western blot of dental pulp components. Pulp cells stimulated with adiponectin 
or leptin gradually expressed BMP-2 in a dose-dependent manner. In pulp cells stimu-
lated with leptin, the expression of DSP was detected clearly. There were no changes in 
the expression of OPN in pulp cells. 
 
adiponectin, but there was no dose-related stimulation. In cultured pulp cells 
treated with leptin, the expression of BMP-2 gradually increased. Additionally, 
the expression of DSP was clearly detected, but there were no changes in the ex-
pression of OPN in pulp cells. 

4. Discussion 

Passive calcification and fibril hyperplasia are usually observed among the aging 
in pulp tissue. However, these changes are found not only in teeth affected by 
occlusion, mastication, caries, or hypersensitivity, but also in unerupted teeth, 
and it is inferred that pulp cells are affected under these conditions [18] [19] 
[20]. Additionally, osteoblasts and osteoclasts are also regulated by adipokines, 
which promote bone metabolism [10] [12] [21]. Accordingly, as it is thought 
that adipokines affect the kinetics of pulp cells, we examined the effects of adi-
ponectin and leptin on human pulp cells in this study. 

We detected the expressions of AdpR1 and LeptinR, but not AdpR2, by west-
ern blot and found that both proteins function as mediators in human pulp cells 
in this study. Human neonatal dermal fibroblasts [21] and osteoblasts [22] show 
the expression of AdpR2 mRNA, and we think that pulp cells in this study may 
express it at trace levels that are undetectable by western blot. Stimulation of the 
cells with either adiponectin or leptin in a time-dependent manner increased the 
proliferation index of the cells as measured by BrdU incorporation, and both 
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proteins show the same effects on human osteoblast cell proliferation [23] [24]. 
Conversely, stimulated pulp cells showed no change in ALP activity compared to 
control cells and showed no expression of Runx2 [20] [25] [26]. ALP activity and 
the expression of Runx2 were promoted by activated osteoblasts, so isolated pulp 
cells in this study might not be induced to differentiate into the calcification cells 
[19]. 

We also observed the induction of BMP-2 expression in pulp cells treated with 
each adipokine. It is known that BMP-2 is expressed by pulp cells [27] [28] [29] 
and fibroblasts from other tissues [30] [31] due to various stimuli, and that 
BMP-2 induces osteogenesis and the initiation of tissue formation [26] [31] [32]. 
Additionally, western blot profiles clearly revealed that the expressions of DSP 
and OPN, which are major dental pulp non-collagenous extracellular matrix 
proteins, were induced by adiponectin and DSP induced by leptin. DSP in dental 
pulp, predentin, and dentin is directly synthesized by pulp cells [33] and odon-
toblasts [34] or localizes there as a result of dentin sialophosphoprotein and 
DSP-phosphophoryn cleavage [33] [35]. Li et al. [36] demonstrated that the DSP 
domain induces pulp mesenchymal cell proliferation, angiogenesis, and minera-
lization in mouse pulp tissues in vivo. It is generally known that OPN includes 
the RGD sequence and thus participates in cell-matrix adhesion and migration. 
Moreover, OPN inhibits the growth of apatite crystals by strongly connecting to 
calcium ions [37]. Interestingly, OPN is expressed by a rat pulp cell line before 
the onset of mineralization in osteoblastic conditioned medium [25] and accu-
mulates on the outer layer of wounds [38] or predentin during initial wound 
healing in dental pulp tissue [39]. However, limitation exists in this study. Since 
first or second passage in culture cells under calcified medium supplemented 
with b-TCP and ascorbic acid were not used, we might not be able to analyses 
calcification. It is difficult to analyze earlier passage in culture cells without un-
suitable contamination. 

In this study, we found that adiponectin and leptin induced the expressions of 
BMP-2, DSP, and OPN, but not Runx2, in cultured human dental pulp cells. 
These results indicate that adiponectin and leptin do not participate in minera-
lization directly, but create an environment for mineralization in the den-
tin-pulp complex by contributing to the growth and expression of each compo-
nent in pulp cells. This may consequently affect the formation of secondary den-
tin or reparative dentin in the dentin-pulp complex. 
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