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Background and Objective: Cannabinoid receptor CB2, expressed in osteoblasts

and osteoclasts, plays a crucial role in the regulation of bone metabolism. Since

periodontal ligament (PDL) cells can differentiate into osteoblasts, this study was

undertaken to investigate CB2 expression and the effect of CB2 activation on

osteogenic differentiation of PDL cells.

Material and Methods: Human PDL (hPDL) cells were obtained from extracted

teeth of periodontally healthy subjects. Expression of CB2 was observed in hPDL

cells by RT-PCR, Western blotting and immunofluorescence assay. Then hPDL

cells were treated with a CB2-specific agonist, HU-308 (10)7
M), for 12, 24, 48 or

72 h. The mRNA expressions of osteogenic genes, such as runt-related tran-

scription factor 2 (Runx2), bone sialoprotein (BSP), osteopontin (OPN), alkaline

phosphatase (ALP), osteocalcin (OC) and collagen type I (COL I), and osteo-

clastogenic genes, including osteoprotegerin (OPG) and receptor activator of

NF-jB ligand (RANKL), were examined using quantitative real-time PCR anal-

ysis. A mineralization assay was performed in hPDL cells in mineralization con-

ditions with or without HU-308.

Results: Expression of CB2 mRNA and protein was detected in hPDL cells.

HU-308 enhanced the mRNA levels of the above osteogenic genes. Expression of

the OPG gene was up-regulated, whereas RANKL gene expression was down-

regulated, contributing to the elevated OPG/RANKL ratio. Accelerated mineral-

ization was observed in hPDL cells in mineralization conditions with HU-308.

Conclusion: Our findings demonstrate that activation of CB2 is able to enhance

osteogenic differentiationofhPDLcells andpotentially create a favorable osteogenic

microenvironment. This implies that CB2 might play an important role in alveolar

bone metabolism.
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The periodontium is composed of the

gingival soft tissue, the cementum

covering the tooth root, the alveolar

bone and the periodontal ligament

(PDL; 1). The PDL is a non-mineral-

ized connective tissue located between

the hard tissues of cementum and

alveolar bone. The PDL cells are

composed of heterogeneous cell popu-

lations that exhibit osteoblast-like fea-

tures and are capable of differentiating

into either osteoblasts or cemento-

blasts (2–5). In addition, PDL cells can

modulate osteoclastogenesis by ex-

pression of osteoprotegerin (OPG; 6)

and receptor activator of nuclear

factor-jB ligand (RANKL; 7), which

are two critical osteoclastogenic genes

in regulating osteoclast differentiation

and function. Therefore, PDL cells are

actively involved in alveolar bone

metabolism. It is well known that the

participation of PDL cells in alveolar

bone metabolism plays a pivotal role

in the remodeling of alveolar bone

during orthodontic tooth movement

and the regeneration of alveolar bone

destroyed by periodontal diseases or

trauma (8–11). It is therefore of great

importance to elucidate this mecha-

nism and to search for more effective

therapeutic strategies in the remodeling

and regeneration of alveolar bone.

Cannabinoids are a heterogeneous

group of molecules that bind to

cannabinoid receptors. They can be

divided into three groups: endogenous

(endocannabinoids), synthetic and

phytocannabinoids (12). The presence

and functions of the endocannabinoid

system have been discovered in a vari-

ety of tissues, such as brain, kidney and

liver (13,14). Recently, endocannabi-

noids and cannabinoid receptor CB2

have been identified in the skeleton.

The skeleton appears to be the main

system physiologically regulated by

CB2 (15–18). Both osteoblasts and

osteoclasts express CB2 (14,17). Ani-

mal experiments have demonstrated

that CB2-deficient mice display a

markedly accelerated age-related bone

loss, and activation of CB2 attenuates

ovariectomy-induced bone loss in mice

by enhancing bone formation and

restraining bone resorption (17). Clin-

ical investigations have confirmed that

the polymorphism in cannabinoid

receptor CB2 gene (CNR2), which en-

codes CB2, is an important determi-

nant in the aetiology of osteoporosis

(19,20). Therefore, CB2 plays a crucial

role in the regulation of bone metabo-

lism.

Since PDL cells can differentiate

into osteoblasts, we hypothesized that

PDL cells might express CB2 and that

activation of CB2 would influence

osteogenic differentiation of PDL cells.

Therefore, this study was undertaken

to test the above hypothesis. As the

first step, we observed CB2 expression

in human PDL (hPDL) cells. Next, we

treated hPDL cells with a CB2-specific

agonist, HU-308, and examined the

mRNA expression of several essential

osteogenic and osteoclastogenic genes.

Finally, mineralized nodule formation

was assessed in hPDL cells in

mineralization conditions with or

without HU-308.

Material and methods

Cell culture

Healthy hPDL tissue was obtained

from the extracted (for orthodontic

reasons) premolars of two males (12

and 15 years old) and one female

(13 years old). All patients gave written

informed consent before tooth extrac-

tion. Ethical approval had been

obtained from the Ethics Committee of

Fourth Military Medical University,

Xi�an, Shaanxi, China. As described

previously (21), the PDL tissue at-

tached to the mid-third of the root

surface was scraped off, cut into small

pieces and placed into tissue culture

flasks. The explants were cultured in

Dulbecco�s modified Eagle�s medium

(DMEM; Sigma, St Louis, MO, USA)

containing 10% fetal bovine serum

(FBS; HyClone, Logan, UT, USA),

100 U/mL of penicillin and 100 lg/mL

of streptomycin at 37�C in a humidi-

fied atmosphere of air enriched with

5% CO2. When the hPDL cells grow-

ing from the tissue fragments reached

confluence, the cell layer was rinsed

with phosphate-buffered saline (PBS)

and the cells were released with 0.25%

trypsin–0.1% EDTA solution. The

hPDL cells used in this study were

from passage 3–5. The mouse MC3T3

E1 osteoblastic cell line, known to

express CB2 (17), was obtained from

Department of Biochemistry, Fourth

Military Medical University, Xi�an,
Shaanxi, China. The cells were cul-

tured in a-modified Eagle�s minimal

essential medium (a-MEM; Sigma, St

Louis, MO, USA) containing 10%

FBS, 100 U/mL of penicillin and

100 lg/mL of streptomycin at 37�C in

a humidified atmosphere of air en-

riched with 5% CO2.

Extraction of RNA and RT-PCR
analysis

The total RNA of hPDL cells and

MC3T3 E1 cells was extracted using

RNAiso plus Reagent (TaKaRa Bio-

technology Co. Ltd, Dalian, China)

according to the manufacturer�s
instructions. Samples of total RNA

were used to perform first strand

cDNA synthesis using the Prime-

Script�RT Reagent Kit (TaKaRa

Biotechnology Co. Ltd). One-tenth of

cDNA generated was used as a tem-

plate for PCR by Amplification Kit

(TaKaRa Biotechnology Co. Ltd). The

primer sequences and product sizes of

each gene [CB2 and glyceraldehyde-3-

phosphate dehydrogenase (GAPDH)]

are shown in Table 1. The cycling

conditions for each gene were as fol-

lows: CB2, 94�C for 3 min, followed by

94�C for 30 s, 65�C for 30 s and 72�C
for 40 s for 35 cycles, and 72�C for

5 min; and GAPDH, 94�C for 3 min,

followed by 94�C for 30 s, 60�C for

30 s and 72�C for 30 s for 35 cycles,

and 72�C for 5 min. The PCR products

were separated on 2% agarose gels by

electrophoresis and photographed

under ultraviolet excitation after

ethidium bromide staining.

Western blotting analysis

The hPDL cells and MC3T3 E1 cells

were collected and rinsed twice with

cold PBS. Then the cells were solubi-

lized with 1· lysis buffer (pH 8.0) that

consisted of 50 mM Tris–HCl, 150 mM

NaCl, 1% Triton X-100, 1 mM ED-

TA, 10% glycerol, 0.5 mM phenyl-

methanesulfonyl fluoride (PMSF),

10 lg/mL of leupeptin and 1 lg/mL

of aprotinin. The supernatant was
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obtained by centrifugation at 12,000g

for 15 min at 4�C. Samples containing

equal amounts of protein were elec-

trophoresed in 5% stacking and 12%

resolving sodium dodecyl sulfate–

polyacrylamide gels and were trans-

ferred to polyvinylidene difluoride

(PVDF) membranes. The membranes

were blocked with 5% (w/v) skimmed

milk in Tris-buffered saline (TBS) at

37�C for 1 h and then incubated at

4�C overnight with a 1:100 dilution of

primary rabbit anti-CB2 serum (Santa

Cruz Biotechnology, Santa Cruz, CA,

USA) and anti-b-actin serum, fol-

lowed by incubation at 37�C for 1 h

with horseradish peroxidase-conju-

gated goat anti-rabbit secondary anti-

body (1:1000 dilution; Santa Cruz

Biotechnology). Developer and fixer

processing was done at the end of the

incubation.

Immunofluorescence assay

The single-cell monolayers (hPDL cells

and MC3T3 E1 cells) on tissue culture

coverslips inside 24-well plates were

fixed in cold acetone for 10 min and

permeabilized in 0.5% Triton X-100 in

PBS for 5 min. After washing, the cells

were blocked with normal goat serum

(1:50 dilution) at 37�C for 1 h and then

incubated at 4�C overnight with a

1:100 dilution of primary rabbit anti-

CB2 serum (Santa Cruz Biotechnol-

ogy). Normal rabbit serum was used as

the negative control. Next, the cells

were incubated at 37�C for 1 h with

fluorescein isothiocyanate (FITC)-

conjugated goat anti-rabbit immuno-

globulin G (1:500 dilution; Santa Cruz

Biotechnology), avoiding light. Fluo-

rescence staining of cells was observed

under a fluorescence microscope

(Olympus, Tokyo, Japan).

Quantitative real-time PCR analysis

The hPDL cells were seeded in six-well

plates at a density of 1 · 106 cells per

well and allowed to attach for 12 h.

Next, the cells were silencedwith serum-

free DMEM overnight. They were then

treated with 10)7
M HU-308 (Cayman

Chemical, Ann Arbor, MI, USA) for

12, 24, 48 or 72 h. The untreated hPDL

cells served as the control group. To

quantify the mRNA expression of

runt-related transcription factor 2

(Runx2), bone sialoprotein (BSP),

osteopontin (OPN), alkaline phospha-

tase (ALP), osteocalcin (OC), collagen

type I (COL I), osteoprotegerin (OPG)

and receptor activator of NF-jB
ligand (RANKL), we performed quan-

titative real-time PCR using Prime-

Script�RT Reagent Kit Perfect

Real-Time with a SYBR Green

Reagent (TaKaRa Biotechnology Co.

Ltd) in the ABI 7500 Fast Real-Time

PCR System (Applied Biosystems,

Foster City, CA, USA). The primer

sequences and product sizes of each

gene are shown in Table 1. The cycling

conditions were as follows: 95�C for

30 s, followed by 95�C for 5 s and

60�C for 30 s for 40 cycles. Reaction

products of all the genes were nor-

malized to GAPDH.

Mineralization assay

The hPDL cells were seeded in six-well

plates at a density of 1 · 105 cells

per well and allowed to develop to

confluence. Then, the cells were cul-

tured in osteogenic induction medium,

with or without 10)7
M HU-308. The

osteogenic induction medium consisted

of DMEM supplemented with 10%

FBS, 10 nM dexamethasone, 50 lg/mL

of ascorbic acid and 10 mM b-glycero-
phosphate (23). On day 21, the

samples were fixed with 4% poly-

oxymethylene for 0.5 h. Alizarin Red

staining was performed to determine

mineralization as previously reported

(24). The mineralized nodules were

imaged and analyzed with Leica Q-

Win image analysis system (Leica,

Cambridge, UK).

Statistical analysis

All data are presented as means ± SD

from three independent experiments.

The statistical differences between the

groups were determined using Bonfer-

roni�s modification of Student�s paired

t-test, and p-values < 0.05 were con-

sidered to be statistically significant.

Results

Expression of CB2 in hPDL cells

Expression of CB2 in hPDL cells was

evaluated from mRNA to protein lev-

els by RT-PCR, Western blotting and

Table 1. Sequence of target gene primers

Target gene Primer sequence (5¢–3¢)
Length

(bp) Reference

CB2 Forward: CGCCGGAAGCCCTCATACC

Reverse: CCTCATTCGGGCCATTCCTG

523 (22)

GAPDH Forward: GCACCGTCAAGGCTGAGAAC

Reverse: TGGTGAAGACGCCAGTGGA

138 This study

Runx2 Forward: CACTGGCGCTGCAACAAGA

Reverse: CATTCCGGAGCTCAGCAGAATAA

127 This study

BSP Forward: CTGGCACAGGGTATACAGGGTTAG

Reverse: ACTGGTGCCGTTTATGCCTTG

182 This study

OPN Forward: ACACATATGATGGCCGAGGTGA

Reverse:TGTGAGGTGATGTCCTCGTCTGTAG

115 This study

ALP Forward: GGACCATTCCCACGTCTTCAC

Reverse: CCTTGTAGCCAGGCCCATTG

137 This study

OC Forward: CGGTGCAGAGTCCAGCAAAG

Reverse: TACAGGTAGCGCCTGGGTCTCT

84 This study

COL I Forward: CTGCTGGACGTCCTGGTGAA

Reverse: ACGCTGTCCAGCAATACCTTGAG

131 This study

OPG Forward: AGCTGCAGTACGTCAAGCAGGA

Reverse: TTTGCAAACTGTATTTCGCTCTGG

164 This study

RANKL Forward: ATCGTTGGATCACAGCACATCAG

Reverse:GGATGTCGGTGGCATTAATAGTGAG

127 This study

Abbreviations: CB2, cannabinoid receptor 2; GAPDH, glyceraldehyde-3-phosphate dehy-

drogenase; Runx2, runt-related transcription factor 2; BSP, bone sialoprotein; OPN, os-

teopontin; ALP, alkaline phosphatase; OC; osteocalcin; COL I, collagen type I; OPG,

osteoprotegerin; and RANKL, receptor activator of nuclear factor-jB ligand.
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immunofluorescence assay. Expression

of CB2 mRNA was detected in hPDL

cells using RT-PCR analysis (Fig. 1A,

lane 1). Consistent with this result,

Western blotting analysis detected CB2

protein expression in hPDL cells

(Fig. 1B, lane 1). The MC3T3 E1 cells

were used as the positive control

(Fig. 1A, lane 2 and Fig. 1B, lane 2).

The immunofluorescence assay was

done to elucidate the expression and

subcellular localization of CB2 protein.

Clear green fluorescence of CB2 pro-

tein was observed in hPDL cells

(Fig. 2B), whereas fairly mild green

fluorescence was observed in the neg-

ative control culture, in which normal

rabbit serum was used instead of pri-

mary antibody against CB2 (Fig. 2A).

The MC3T3 E1 cells were used as the

positive control (Fig. 2C).

Effect of HU-308 on osteogenic gene
expression in hPDL cells

The effect of HU-308 on the mRNA

expression of osteogenic genes,

including Runx2, BSP, OPN, ALP, OC

and COL I, were assessed in hPDL

cells by quantitative real-time PCR

analysis. The mRNA expression of

Runx2 and OPN increased markedly

after 24 h of treatment and peaked at

72 h (p < 0.05; Fig. 3A,C). The BSP

mRNA expression in the HU-308-

treated group increased significantly

after 48 h of treatment and then de-

creased slightly at 72 h, but was still

higher than that in the control group

(p < 0.05; Fig. 3B). The level of ALP

mRNA was enhanced significantly

within 72 h of treatment, with the peak

level at 48 h (p < 0.05; Fig. 3D). OC

mRNA expression was promoted sig-

nificantly after 48 h of treatment and

peaked at 72 h (p < 0.05, Fig. 3E).

The level of COL I mRNA increased

markedly after 24 h of treatment, with

the highest level at 48 h, and then de-

creased slightly at 72 h (p < 0.05;

Fig. 3F).

Effect of HU-308 on osteoclastogenic
gene expression in hPDL cells

The effect of HU-308 on the mRNA

expression of osteoclastogenic genes,

OPG and RANKL, was investigated in

hPDL cells. Quantitative real-time

PCR analysis indicated that HU-308

significantly up-regulated OPG mRNA

expression after 48 h of treatment. At

72 h, the level of OPG mRNA in the

HU-308-treated group was slightly

reduced, but still higher than that in

the control group (p < 0.05; Fig. 4A).

Conversely, HU-308 significantly

down-regulated RANKL mRNA

expression after 24 h of treatment

(p < 0.05; Fig. 4B). As a consequence,

the OPG/RANKL ratio, which is a

predictor of osteoclastogenesis, was

significantly elevated after 24 h of

treatment, with the highest level at

72 h (p < 0.05; Fig. 4C).

Mineralization assay

The hPDL cells were grown in osteo-

genic induction medium, with or

without HU-308, for a period of 21 d.

Alizarin Red staining revealed that the

HU-308-treated group exhibited accel-

erated accumulation of mineralized

nodules, whereas the control group

showed less deposited mineralized

nodules (Fig. 5).

Discussion

The CB2 signaling in the skeleton is

one of the most important recent

findings in the field of bone meta-

bolism. It has been demonstrated that

activation of CB2 contributes to the

maintenance of bone mass by stimula-

tion of bone formation and inhibition

of bone resorption (17,18). In this

study, we investigated CB2 expression

and the effect of CB2 activation on

osteogenic differentiation of hPDL

cells for the first time.

The periodontium includes two

kinds of fibroblasts: gingival fibroblasts

Fig. 1. Expression of CB2 in hPDL cells assessed by RT-PCR and Western blotting anal-

ysis. (A) In lane 1, CB2 mRNA expression was detected in hPDL cells using RT-PCR

analysis. In lane 2, MC3T3 E1 cells were used as the positive control. (B) In lane 1, CB2

protein expression was observed in hPDL cells using Western blotting analysis. In lane 2,

MC3T3 E1 cells were used as the positive control. The results are representative of three

independent experiments.

A B C

Fig. 2. Expression of CB2 in hPDL cells assessed by immunofluorescence assay. (A) Fairly mild green fluorescence was detected in the

negative control, in which normal rabbit serum was used instead of primary antibody against CB2. (B) Clear green fluorescence of CB2

protein was observed in hPDL cells. (C) MC3T3 E1 cells were used as the positive control. Scale bars represent 20 lm.
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and PDL cells (25). Although the two

cell types may exhibit distinct pheno-

typic characteristics (5,21), they both

establish a dynamic balance between

tissue formation and degradation at the

tooth–bone interface. Nakajima et al.

(22) have reported that human gingival

fibroblasts express CB2 and that acti-

vation of CB2 has an anti-inflamma-

tory effect on human gingival

fibroblasts. In the present study, we

discovered that hPDL cells also ex-

pressed CB2. To date, there have been

no reports on CB2 expression in hPDL

cells. Our study has therefore provided

the first evidence that hPDL cells ex-

press CB2. Since CB2 plays a crucial

role in the regulation of bone metabo-

lism as well as inflammation (17,18,22),

we further explored the effect of CB2

activation on osteogenic differentiation

of hPDL cells.

Since the discovery of the endo-

cannabinoid system, several endo-

cannabinoids, such as anandamide

(26), 2-arachidonoylglycerol (13,27),

2-arachidonyl glyceryl ether (noladin

ether; 28) and virodhamine (29), have

been identified to bind to CB2 in

physiological conditions. Nakajima

et al. (22) have discovered that in the

healthy state human gingival crevicular

fluid contains a low level of ananda-

mide, and the anandamide concentra-

tion is increased in pathological

conditions. They pointed out that

anandamide may exude from the blood

and/or arise through local release from

periodontal tissue as a result of infec-

tion by gram-negative microorganisms

(22). In our study, a CB2-specific ago-

nist, HU-308, was used to activate CB2

in hPDL cells. HU-308 is a synthetic,

highly specific cannabinoid ligand for

CB2 (30). It has been reported that

activation of CB2 by HU-308 stimu-

lates osteogenic activity of osteoblasts

and restrains osteoclast formation (17).

Owing to the certified effect of HU-308

on osteogenesis and osteoclastogenesis,

we selected it to investigate the effect of

CB2 activation on osteogenic and

osteoclastogenic gene expression in

hPDL cells.

In the present study, we found that

activation of CB2 by HU-308 pro-

moted expression of osteogenic genes,

including Runx2, BSP, OPN, ALP, OC

and COL I, in hPDL cells, conse-

quently leading to accelerated mineral-

ization. Ofek et al. (17) have indicated

that HU-308 accelerates osteogenic

activity of osteoblasts by increased tis-

sue non-specific ALP activity and

mineralized nodule formation. The

process of osteogenic differentiation

consists of three phases: proliferation

with matrix formation (1–7 d); matu-

ration (7–12 d); and mineralization

(12–21 d; 31). During this process,

orchestrated expression of osteogenic

genes takes place. ALP, as an early

marker for osteogenic differentiation, is

a marker enzyme for differentiation of

osteogenic cells (32,33). Runx2 is an

osteoblast-specific transcription factor,

which is implicated as a major regulator

of osteoblast differentiation and gene

expression (34). OC is a vitamin

K-dependent Ca2+-binding protein of

Fig. 3. Effect of HU-308 on the mRNA expression of osteogenic genes in hPDL cells. The

mRNA of Runx2 (A), BSP (B), OPN (C), ALP (D), OC (E) and COL I (F) in hPDL cells

was subjected to quantitative real-time PCR analysis following HU-308 (10)7
M) treatment

for 12, 24, 48 or 72 h. The data are presented as means ± SD from three independent

experiments. *p < 0.05 vs. the control group.
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bone matrix and OPN functions as the

modulator of matrix mineralization,

whereas COL I and BSP have been

shown to serve as a mineralization

scaffold and a hydroxyapatite initiation

site, respectively (35–37). Therefore,

our results show that activation of CB2

can enhance osteogenic differentiation

of hPDL cells by increased expression

of osteogenic genes and accumulation

of mineralized matrix.

Osteoprotegerin and RANKL, both

expressed in osteoblasts, have been

shown to play a key role in the regu-

lation of osteoclastogenesis. RANKL

binds its receptor, RANK, on the

osteoclast precursor surface, deter-

mining its activation and differentia-

tion into a mature osteoclast (38–41).

OPG exerts its effect by acting as a

RANKL decoy receptor, thus pre-

venting its binding to osteoclasts and

inhibiting osteoclast activation (38,42).

It is accepted that OPG and RANKL

are two essential osteoclastogenic

genes in the regulation of osteoclasto-

genesis, and the ratio of OPG/RANKL

determines osteoclast differentiation

and activation (43,44). The hPDL cells

express osteoprotegerin (6) and

RANKL (7), suggesting that they may

regulate OPG through the OPG/

RANKL system. Low ratios were ob-

served in hPDL cells from resorbing

deciduous teeth (45) and in periodontal

tissue from patients with advanced

periodontitis (46). Ofek et al. (17) have

found that activation of CB2 by HU-

308 restrains osteoclastogenesis both

directly, by suppression of osteoclast

formation, and indirectly, by inhibition

of osteoblast RANKL expression. Re-

cently, Napimoga et al. (47) have re-

ported that cannabidiol, a cannabinoid

component from cannabis sativa, de-

creases bone resorption by inhibiting

Fig. 4. Effect of HU-308 on the mRNA expression of osteoclastogenic genes in hPDL cells.

The mRNA of OPG (A) and RANKL (B) in hPDL cells was subjected to quantitative real-

time PCR analysis following HU-308 (10)7
M) treatment for 12, 24, 48 or 72 h. (C) Ratio of

OPG to RANKL. The data are presented as means ± SD from three independent experi-

ments. *p < 0.05 vs. the control group.

A B C

Fig. 5. Mineralization assay of hPDL cells grown in osteogenic induction medium, with or without HU-308 (10)7
M), for a total of 21 d.

(A) The hPDL cells in osteogenic induction medium without HU-308 showed less deposited mineralized nodules as measured by Alizarin Red

staining. (B) The hPDL cells grown in osteogenic induction medium with HU-308 exhibited accelerated accumulation of mineralized nodules.

(C) The nodule area was significantly higher in the HU-308-treated group, compared with that in the control group. The data are presented as

means ± SD from three independent experiments. *p < 0.05 vs. the control group. Scale bars represent 100 lm.
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RANK/RANKL expression of alveo-

lar bone during experimental perio-

dontitis in rats. In this study, we

observed that HU-308 up-regulated

OPG expression and down-regulated

RANKL expression in hPDL cells,

contributing to the elevated OPG/

RANKL ratio. Since the ratio of OPG

to RANKL can be indicative for the

role of hPDL cells in bone resorption

or prevention of bone resorption

(45,46), our results suggest that acti-

vation of CB2 in hPDL cells could in-

hibit osteoclastic activity, potentially

creating a favorable osteogenic micro-

environment.

In conclusion, our findings demon-

strate that activation of CB2 is able to

enhance osteogenic differentiation of

hPDL cells and potentially create a

favorable osteogenic microenviron-

ment. This implies that CB2 might play

an important role in alveolar bone

metabolism. Our study provides a po-

tential rationale for the use of exo-

genous factors, such as CB2-specific

agonists, as bone promoters in the

remodeling and regeneration of alveo-

lar bone. Further studies are required

to corroborate the effect of CB2 acti-

vation on alveolar bone metabolism in

vivo.

Acknowledgements

This study was supported by National

Natural Science Foundation of China

(Grant No. 30600610).

References

1. Williams RC. Periodontal disease. N Engl

J Med 1990;322:373–382.

2. Somerman MJ, Young MF, Foster RA,

Moehring M, Imm GR, Sauk JJ. Char-

acteristics of human periodontal ligament

cells in vitro. Arch Oral Biol 1990;35:241–

247.

3. Arceo N, Sauk JJ, Moehring J, Foster

RA, Somerman MJ. Human periodontal

cells initiate mineral-like nodules in vitro.

J Periodontol 1991;62:499–503.

4. Nojima N, Kobayashi M, Sionome M,

Takahashi N, Suda T, Hasegawa K.

Fibroblastic cells derived from bovine

periodontal ligament have the phenotypes

of osteoblasts. J Periodontal Res 1990;

25:179–185.

5. Ivanovski S, Li H, Haase HR, Bartold

PM. Expression of bone associated macr-

omolecules by gingival and periodontal

ligament fibroblasts. J Periodontal Res

2001;36:131–141.

6. Wada N, Maeda H, Tanabe K et al.

Periodontal ligament cells secrete the fac-

tor that inhibits osteoclastic differentia-

tion and function: the factor is

osteoprotegerin/osteoclastogenesis inhibi-

tory factor. J Periodontal Res 2001;36:56–

63.

7. Kanzaki H, Chiba M, Shimizu Y, Mitani

H. Dual regulation of osteoclast differen-

tiation by periodontal ligament cells

through RANKL stimulation and OPG

inhibition. J Dent Res 2001;80:887–

891.

8. Kawarizadeh A, Bourauel C, Götz W,
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