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Periodontal disease is a chronic

inflammatory disease initiated by the

biofilm of periodontopathic bacteria,

leading to the destruction of peri-

odontal tissues. Periodontal disease

can be exacerbated by many factors;
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Background and Objective: Adiponectin is a cytokine constitutively produced by

adipocytes and exhibits multiple biological functions by targeting various cell

types. However, the effects of adiponectin on primary gingival fibroblasts and

periodontal ligament cells are still unexplored. Therefore, we investigated the

effects of adiponectin on gingival fibroblasts and periodontal ligament cells.

Material and Methods: The expression of adiponectin receptors (AdipoR1 and

AdipoR2) on human gingival fibroblasts (HGFs), mouse gingival fibroblasts

(MGFs) and human periodontal ligament (HPDL) cells was examined using

RT-PCR and western blotting. HGFs and MGFs were stimulated with interleukin

(IL)-1b in the presence or absence of adiponectin, and the expression of IL-6 and

IL-8 at both mRNA and protein levels was measured by real-time PCR and

ELISA, respectively. Furthermore, small interfering RNAs (siRNAs) in MGFs

were used to knock down the expression of mouse AdipoR1 and AdipoR2. The

effects of adiponectin on the expression of alkaline phosphatase (ALP) and runt-

related transcription factor 2 (Runx2) genes were evaluated by real-time PCR.

Mineralized nodule formation of adiponectin-treated HPDL cells was revealed by

Alizarin Red staining.

Results: AdipoR1 and AdipoR2 were expressed constitutively in HGFs, MGFs

and HPDL cells. Adiponectin decreased the expression of IL-6 and IL-8 in IL-1b-
stimulated HGFs and MGFs. AdipoR1 siRNA in MGFs revealed that the effect

of adiponectin on reduction of IL-6 expression was potentially mediated via

AdipoR1. Adiponectin-treated HPDL cells promoted the expression of ALP and

Runx2 mRNAs and up-regulated ALP activity. Furthermore, adiponectin

enhanced mineralized nodule formation of HPDL cells.

Conclusion: Our observations demonstrate that adiponectin exerts anti-inflam-

matory effects on HGFs and MGFs, and promotes the activities of osteoblasto-

genesis of HPDL cells. We conclude that adiponectin has potent beneficial

functions to maintain the homeostasis of periodontal health, improve periodontal

lesions, and contribute to wound healing and tissue regeneration.
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for example, systemic diseases, such as

diabetes, osteoporosis and immunode-

ficiency diseases, have been shown to

result in an increased risk for peri-

odontal disease (1). Interestingly,

recent epidemiologic studies have sug-

gested that obesity is also a risk factor

for periodontitis (2,3). Obesity, which

induces insulin resistance following

systemic chronic inflammation (4), is

one of the leading causes of type 2

diabetes, which is closely associated

with periodontal diseases. Thus, it is

possible that obesity and metabolic

syndrome could be risk factors for the

progression of periodontal diseases;

however, the precise mechanism of

how obesity results in the destruction

of periodontal tissue remains unclear.

Adipokines, secreted by adipose tis-

sue, can influence insulin resistance,

inflammation and the cardiovascular

system (5). Adiponectin – an adipokine

– circulates in high concentrations in

plasma (6). Two adiponectin receptors

(AdipoRs) have been reported to be

expressed on various tissues and cells

(7). Importantly, hypo-adiponectin-

emia has been observed in patients

with type 2 diabetes mellitus, obesity

and coronary artery disease (8,9).

Physiological concentrations of adipo-

nectin suppressed tumor necrosis fac-

tor-a-induced inflammatory responses

in human endothelial cells and macro-

phages (10). Recent studies have

revealed that the concentrations of

adiponectin in serum of patients with

severe periodontitis are lower than

those in serum from healthy subjects

(11,12). Periodontal treatment has also

been shown to increase the levels of

adiponectin in chronic periodontitis

(13). Interestingly, Yamaguchi et al.

(14) reported that the levels of expres-

sion of AdipoRs were decreased in sites

of severe periodontitis. These data

suggest that adiponectin is involved in

the homeostasis of periodontal tissues

and may modulate inflammatory

responses at periodontal lesions.

In recent years, adiponectin and

AdipoRs have been reported to be

expressed in osteoblasts (15,16), sug-

gesting that adiponectin may be

involved not only in anti-inflammatory

functions but also in bone metabolism.

Among periodontal tissues, periodon-

tal ligament (PDL) cells have the

potential to regulate neogenesis of

alveolar bone and cementum and play

important roles in events of wound

healing and regeneration following

periodontal tissue breakdown caused

by progression of periodontal diseases.

Considering the multifunctional role of

adiponectin, adiponectin may affect

the functional characteristics of PDL

cells, which can differentiate into min-

eralized tissue-forming cells such as

osteoblasts and cementoblasts (17).

In this study we investigated the anti-

inflammatory effect of adiponectin on

human gingival fibroblasts (HGFs) and

mouse gingival fibroblasts (MGFs). In

addition,we examined the physiological

effect of adiponectin on cytodifferenti-

ation of human PDL (HPDL) cells. The

results showed that adiponectin sup-

pressed proinflammatory cytokines

induced by interleukin (IL)-1b stimula-

tion, possibly via AdipoR1. Further-

more, adiponectin promoted the

differentiation and mineralization of

HPDL cells.

Material and methods

Reagents

Recombinant human and mouse

IL-1b, adiponectin and normal rabbit

IgG were obtained from R&D Systems

(Minneapolis, MN, USA). Anti-adi-

poR1 IgG was obtained from Santa

Cruz Biotechnology (Santa Cruz, CA,

USA) and Alpha Diagnostic Intl. Inc.

(San Antonio, TX, USA).

Cells

Before participating in this study, all

human subjects provided informed

consent according to a protocol that

was reviewed and approved by the

Institutional Review Board of the

Osaka University Graduate School of

Dentistry. HGFs were obtained from

biopsies of healthy gingiva taken from

healthy volunteers, as previously

described (18). HGFs were used for

experiments at passages 4–10. MGFs

were isolated from healthy gingival

tissue of the first premolar teeth of

BALB/c mice. When the cells that

grew out from the explants reached

confluence, they were separated by

treatment with 0.53 mM EDTA con-

taining 0.05% trypsin, collected by

centrifugation and cultured on plastic

culture dishes containing standard

medium (standard medium is a-mini-

mal essential medium containing 10%

fetal calf serum) until they reached

confluence. After 12 passages, the

clonal MGF cell line was established

using the limiting-dilution method.

HPDL cells were isolated and main-

tained as described previously (19,20).

For the induction of cytodifferentia-

tion, HPDL cells were cultured in

a-minimal essential medium (a-MEM)

containing 10% fetal calf serum, 10 mM

b-glycerophosphate and 50 lg/mL of

ascorbic acid [(calcification-inducing

medium (C-Med)]. C-Med was replaced

every 3 d.

RT-PCR

Total RNA was isolated from HGFs,

HPDL cells and MGFs using an RNA-

Bee kit (TEL-TEST, Inc., Friends-

wood, TX, USA) according to the

manufacturer�s instructions. cDNA

was synthesized and amplified using

PCR, as described previously (18).

Oligonucleotide PCR primers specific

for adiponectin and AdipoRs were

synthesized by Clontech (Palo Alto,

CA, USA). The sequences of the

primers are shown in Table 1. Hypo-

xanthine phosphoribosyltransferase

(HPRT) and glyceraldehyde-3-phos-

phate dehydrogenase (GAPDH) served

as housekeeping genes.

Western blot analysis

HGFs, HPDL cells and MGFs were

lysed in RIPA buffer [25 mM Tris–HCl,

pH 7.6, 150 mM NaCl, 1% Nonidet

P-40 (NP-40), 1% sodium deoxycho-

late, 0.1% SDS, 10 mM Na3VO4 and

10 lg/mL each of aprotinin and leu-

peptin]. The proteins were separated by

SDS-PAGE and transferred to nitro-

cellulose membranes. The membranes

were incubated with 10% bovine serum

albumin for 1 h and subsequently with

rabbit polyclonal anti-adiponectin Ig

(Alpha Diagnostic International inc.)

or goat polyclonal anti-AdipoR Ig

(Santa Cruz Biotechnology) for 1 h at
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room temperature and appropriate

horseradish peroxidase-conjugated

secondary antibody. Immune com-

plexes were detected using an enhanced

chemiluminescence kit (Thermo Fisher

Scientific, Waltham, MA, USA).

Real-time PCR

HGFs and MGFs were seeded in a six-

well plate at a density of 3 · 105 cells

and 1.2 · 106 cells/well, respectively.

Cells were grown to confluence in

standard medium. Following 18 h of

preincubation in the presence or

absence of adiponectin, cells were

treated with or without 0.1 ng/mL of

IL-1b, then total RNAwas isolated and

precipitated. cDNA was synthesized

and mixed with SYBR Green PCR

Master Mix (Applied Biosystems, Fos-

ter City, CA) and gene-specific primers

(Takara Bio, Shiga, Japan). Real-time

PCR was performed using a 7300 Fast

Real-Time PCR System (Applied Bio-

systems). The sequences of the primers

are shown in Table 2. HPRT and

GAPDH served as housekeeping genes.

Measurement of inflammatory
cytokines in culture supernatants

HGFs and MGFs were seeded in a

12-well plate at a density of 1.8 · 105

and 7.2 · 105 cells, respectively, and

grown to confluence in standard med-

ium. Following 18 h of preincubation

with or without adiponectin, cells were

treated with or without 0.5 ng/mL of

IL-1b. In some experiments, cells were

pretreated for 1 h with anti-adiponectin

Ig. At the end of the incubation periods,

the supernatants were collected and the

levels of IL-6 and IL-8 (HGFs only)

protein were measured using ELISA

kits (R&D Systems) according to the

manufacturer�s instructions.

RNA interference

Small interfering RNA (siRNA) was

used to knock down the expression of

mouse AdipoR1 and AdipoR2. The

AdipoR1 and AdipoR2 siRNAs, and a

negative-control siRNA (Silencer

Select Negative Control #1 siRNA),

were synthesized by Applied Biosys-

tems. Silencer 1 Negative Control #1

siRNA was designed to have no sig-

nificant sequence similarity to mouse,

rat or human transcript sequences.

MGFs were placed on a six-well cul-

ture dish. Twenty-four hours after

incubation, MGFs, at 40–50% conflu-

ence, were transfected with siRNA

AdipoR1, siRNA AdipoR2 or nega-

tive-control siRNA. The cells were

transfected with 200 pmol of siRNA

and negative-control siRNA using

Lipofectamine 2000 (Invitrogen Corp,

Carlsbad, CA, USA) according to the

Table 1. Primers used for RT-PCR

Gene Sequence

Human Forward 5¢-CGA GAT GTG ATG AAG GAG ATG GG-3¢ 304 bp

HPRT1 Reverse 5¢-GCC TGA CCA AGG AAA GCA AAG TC-3¢
Human Forward 5¢-CAA ACA GCC CCA AAG TCA AT-3¢ 288 bp

Adiponectin Reverse 5¢-TCT CAG GTG AGG TGG GAA AC-3¢
Human Forward 5¢-AAA CTG GCA ACA TCT GGA CC-3¢ 300 bp

AdipoRl Reverse 5¢-GCT GTG GGG AGC AGT AGA AG-3¢
Human Forward 5¢-ACA GGC AAC ATT TGG ACA CA-3¢ 267 bp

AdipoR2 Reverse 5¢-CCA AGG AAC AAA ACT TCC CA-3¢
Mouse Forward 5¢-AGG TTG TCT CCT GCG ACT TC-3¢ 211 bp

GAPDH Reverse 5¢-CTT GCT CAG TGT CCT TGC TG-3¢
Mouse Forward 5¢-ATC TGA CGA CAC CAA AAG GG-3¢ 226 bp

Adiponectin Reverse 5¢-TCT CCA GGA GTG CCA TCT CT-3¢
Mouse Forward 5¢-TGC CCT CCT TTC GGG CTT GC-3¢ 529 bp

AdipoRl Reverse 5¢-GCC TTG ACA AAG CCC TCA GCG ATA G-3¢
Mouse Forward 5¢-TCT TCC TGT GCC TGG GGA TCT T-3¢ 254 bp

AdipoR2 Reverse 5¢-CCC GAT ACT GAG GGG TGG CAA A-3¢

AdipoR1, adiponectin receptor 1; AdipoR2, adiponectin receptor 2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HPRT1, hypo-

xanthine phosphoribosyltransferase-1.

Table 2. Primers used for real-time PCR

Gene Sequence

Human Forward 5¢-GGC AGT ATA ATC CAA AGA TGG TCA A-3¢
HPRT1 Reverse 5¢-GTC AAG GGC ATA TCC TAC AAC AAA C-3¢
Human Forward 5¢-AAG CCA GAG CTG TGC AGA TGA GTA-3¢
IL6 Reverse 5¢-TGT CCT GCA GCC ACT GGT TC-3¢
Human Forward 5¢-ACA CTG CGC CAA CAC AGA AAT TA-3¢
IL8 Reverse 5¢-TTT GCT TGA AGT TTC ACT GGC ATC-3¢
Human Forward 5¢-GGA CCA TTC CCA CGT CTT CAC-3¢
ALP Reverse 5¢-CCT TGT AGC CAG GCC CAT TG-3¢
Human Forward 5¢-CAC TGG CGC TGC AAC AAG A-3¢
RUNX2 Reverse 5¢-CAT TCC GGA GCT CAG CAG AAT AA-3¢
Mouse Forward 5¢-TGT GTC CGT CGT GGA TCT GA-3¢
GAPDH Reverse 5¢-TTG CTG TTG AAG TCG CAG GAG-3¢
Mouse Forward 5¢-CCA CTT CAC AAG TCG GAG GCT TA-3¢
IL6 Reverse 5¢-GCA AGT GCA TCA TCG TTG TTC ATA C-3¢

ALP, alkaline phosphatase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HPRT1,

hypoxanthine phosphoribosyltransferase-1; IL6, interleukin-6; IL8, interleukin-8; RUNX2,

runt-related transcription factor 2.
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manufacturer�s instructions. The cells

were then analyzed using real-time

PCR.

Determination of alkaline
phosphatase activity, and staining
with Alizarin Red

Alkaline phosphatase (ALP) activity

was assessed according to the proce-

dure described previously (20,21).

Histochemical analysis of calcified

nodules was performed using the

Alizarin Red staining method (20,22).

The density of calcified nodules in each

well was calculated using the WinRoof

software program (Mitani Corpora-

tion, Fukui, Japan).

Statistical analysis

The results were analyzed for statistical

significance using the Student�s t-test.

Differences were considered significant

at p < 0.05.

Results

Expression of AdipoR1 and AdipoR2,
but not adiponectin, was detected in
HGFs, HPDL cells and MGFs

To examine the expression of adipo-

nectin and its receptors (AdipoR1

and AdipoR2) and mRNA and

protein in HGFs, HPDL cells and

MGFs, we performed RT-PCR

amplification and western blotting. As

shown in Fig. 1A and 1B, mRNA

transcripts and protein for AdipoR1

and AdipoR2, but not for adiponec-

tin, were detected in all cell types

investigated.

Adiponectin reduced the expression
of proinflammatory cytokines in
IL-1b-stimulated HGFs

To the effect of adiponectin on the

expression of proinflammatory cyto-

kines in IL-1b-stimulated HGFs,

HGFs were pretreated with adiponec-

tin for 18 h before 2.5 h of stimulation

with IL-1b, whereupon real-time PCR

was performed. As shown in Fig. 2A,

adiponectin significantly reduced the

expression of IL6 and IL8 mRNAs.

For assessment of IL-6 and IL-8 pro-

duction, adiponectin-pretreated HGFs

were stimulated with 0.5 ng/mL of IL-

1b, harvested after 12 h and then

assayed using ELISA. Adiponectin

also reduced the production of IL-6

protein and IL-8 protein (Fig. 2B).

AdipoR1 knockdown abrogated the
adiponectin-induced reduction of
IL-6 expression in MGFs

To examine the effect of adiponectin

on the expression of IL-6 in IL-1b-
stimulated MGFs, MGFs were pre-

treated with adiponectin for 18 h

before stimulation with IL-1b for

2.5 h, whereupon real-time PCR was

performed. As shown in Fig. 3A,

adiponectin significantly reduced the

expression of IL6 mRNA. To assess

the production of IL-6 protein, adipo-

nectin-pretreated MGF were stimu-

lated with 0.5 ng/mL of IL-1b,
harvested after 12 h and then assayed

using ELISA. Adiponectin also

reduced the production of IL-6 protein

(Fig. 3B). To elucidate the effect of

adiponectin via AdipoRs, siRNA was

used to block the expression of Adi-

poR1 and AdipoR2 mRNAs. As shown

in Fig. 4A and 4B, real-time PCR

revealed that treatment with siRNA-

AdipoR1 and siRNA-AdipoR2 signif-

icantly reduced the expression of

AdipoR1 and AdipoR2 in MGFs

compared with negative-control siR-

NA (Fig. 4A and 4B). Whereas IL-1b-
induced expression of IL-6 in MGF

treated with negative-control siRNA

was significantly suppressed by adipo-

nectin treatment, these suppressive

effects were attenuated inMGFs treated

with siRNA for AdipoR1 (Fig. 4C). By

contrast, treatment with siRNA for

AdipoR2 did not suppress IL-1b-in-
duced expression of IL-6 by adiponec-

tin (Fig. 4D). These results suggest that

adiponectin reduces IL-6 expression in

MGFs possibly via AdipoR1.

Anti-AdipoR1 Ig attenuated the
adiponectin-induced reduction of
IL-6 expression in HGF

To elucidate the effect of adiponectin

via AdipoR1, HGFs were pretreated

with control antibodies or with two

types of anti-AdipoR1 polyclonal Igs

and then stimulated with IL-1b in the

presence or absence of adiponectin.

A

B

Fig. 1. Expression of adiponectin (ApN), adiponectin receptor 1 (AdipoR1) and adiponectin

receptor 2 (AdipoR2). (A) Expression of ApN, AdipoR1 and AdipoR2 genes in human gin-

gival fibroblasts (HGFs), human periodontal ligament (HPDL) cells and mouse gingival

fibroblasts (MGFs) was examined by RT-PCR. (B) Expression of AdipoR1 and AdipoR2

proteins in HGFs, HPDL cells and MGFs was detected using western blotting. The data

represent one of three independent experiments. GAPDH, glyceraldehyde-3-phosphate

dehydrogenase; HPRT, hypoxanthine phosphoribosyltransferase.
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After 12 h, IL-6 production in the

culture supernatants was assayed using

ELISA. As shown in Fig. 5, anti-Adi-

poR1 Igs significantly attenuated the

suppression of IL-1b-induced IL-6

expression by adiponectin. These results

suggest that adiponectin reduces IL-6

expression in the IL-1b-stimulated

HGFs possibly via AdipoR1.

Adiponectin promoted the
differentiation and mineralization of
HPDL cells

Next, we examined whether or not

adiponectin would promote the differ-

entiation and mineralization of HPDL

cells. As shown in Fig. 6A, ALP

activity in HPDL cells was significantly

enhanced in the presence of adiponec-

tin. Real-time PCR revealed that

adiponectin significantly enhanced the

expression of ALP and runt-related

transcription factor 2 (Runx2; an

important transcription factor

involved in osteoblastic differentiation

and mineralization) (23) genes in

HPDL cells cultured with C-Med

in the presence of adiponectin (Fig. 6B

and 6C) compared with C-Med only.

Subsequently, mineralized nodule for-

mation by HPDL cells on day 18 was

investigated. As shown in Fig. 7A and

7B, adiponectin significantly increased

the intensity of Alizarin Red staining.

These results suggest that adiponectin

promotes the differentiation and min-

eralization of HPDL cells.

Discussion

Adiponectin is an abundant serum

protein, with concentrations in the

order of 3–30 lg/mL (10). In this study,

we demonstrated, for the first time, that

physiological concentrations of adipo-

nectin suppress IL-1b-induced IL-6 and

IL-8 expression in HGFs, and IL-6 in

MGFs, at mRNA and protein levels,

possibly via AdipoR1 signaling. We

also showed that adiponectin enhances

the differentiation andmineralization of

HPDL cells. Unfortunately, however,

mouse IL-8 has not yet been identified.

As mouse CXCL1 is known to be the

functional homolog of human IL-8, we

examined the expression CXCL1 in

preliminary studies (data not shown). In

these studies, we found that adiponectin

significantly reduced the expression of

CXCL1 mRNA. However, the expres-

sion of CXCL1 protein was not reduced

by adiponectin (data not shown).

Several previous studies have

reported that adiponectin is the immu-

nomodulatory cytokine for the func-

tion of monocytes, macrophages and

A

B

Fig. 3. Adiponectin reduced interleukin

(IL)-1b-induced expression of IL-6 in mouse

gingival fibroblasts (MGFs). (A) Expression

of the IL6 gene in MGFs was examined by

real-time PCR. MGFs were pretreated with

adiponectin (ApN; 20 lg/mL) for 18 h,

stimulated with IL-1b (0.5 ng/mL) for 2.5 h

and then total RNA was isolated. (B) The

level of IL-6 protein in MGF cultured

condition medium was measured by ELISA.

MGFs were pretreated with adiponectin

(ApN; 20 lg/mL) for 18 h and stimulated

with IL-1b (0.5 ng/mL) for 12 h. Data are

the mean ± standard deviation of triplicate

determinations. *p < 0.05 compared with

IL-1b-stimulated MGFs without pretreat-

ment of adiponectin. GAPDH, glyceralde-

hyde-3-phosphate dehydrogenase.

A

B

Fig. 2. Adiponectin reduced interleukin (IL)-1b-induced production of IL-6 and IL-8 in

human gingival fibroblasts (HGFs). (A) Expression of IL6 and IL8 genes in HGFs was

examined using real-time PCR. HGFs were pretreated with adiponectin (ApN; 5 lg/mL) for

18 h, stimulated with IL-1b (0.1 ng/mL) for 2.5 h and then total RNA was isolated. (B) The

levels of IL-6 and IL-8 protein in HGF cultured condition medium were measured using

ELISA. HGFs were pretreated with adiponectin (ApN; 10 lg/mL) for 18 h and stimulated

for 12 h with IL-1b (0.5 ng/mL). Data are the mean ± standard deviation of triplicate

determinations. *p < 0.05 compared with IL-1b-stimulated HGF without ApN pretreat-

ment. HPRT, hypoxanthine phosphoribosyltransferase.
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endothelial cells (10) and exhibits

functional activity through binding to

two AdipoRs. A recent systematic

review concluded that there was a

positive association between periodon-

tal disease and obesity across diverse

populations (3). The plasma adiponec-

tin level in obese individuals was

decreased compared with that in non-

obese individuals (24). Saito et al. (11)

previously reported that serum adipo-

nectin levels in women with periodon-

titis were lower than in those with

healthy gingiva, although this differ-

ence was not significant. Additionally,

Yamaguchi et al. (14) revealed that the

expression levels of AdipoRs in regions

of periodontal disease were lower than

in healthy gingival tissue. In mice with

collagen-induced arthritis, adiponectin

mitigated the severity of diseases (25).

In addition, adiponectin suppressed the

expression of inflammatory cytokines

in stimulated rheumatoid arthritis

synovial fibroblasts (25). We found

that HGFs, HPDL cells and MGFs

expressed AdipoR1 and AdipoR2, but

not adiponectin (Fig. 1). Additionally,

we showed that suppression of Adi-

poR1 expression by its siRNA and

anti-AdipoR1 Ig abrogated the anti-

inflammatory actions of the cells, sug-

gesting that adiponectin promoted

these responses through the action of

AdipoR1, at least in part on gingival

fibroblasts (Figs 4 and 5).

Recent studies have demonstrated

that AdipoRs are also expressed on os-

teoblasts (15,16,26). In the present study

we showed that AdipoR1 and AdipoR2

expressed on HPDL cells and adipo-

nectin enhanced ALP activity, expres-

sion of ALP and Runx2 genes, and

mineralized nodule formation in HPDL

cells (Figs 6 and 7). ALP is an enzyme

marker of osteoblasts and participates

in mineralization (27). Runx2 has been

identified as an important transcription

factor that is involved inbone formation

and osteoblast differentiation (23).

Thus, enhanced expression of ALP and

Runx2 genes, stimulated by adipo-

nectin, were correlated with the min-

eralization of HPDL cells. In this

study we did not directly examine

the possible involvement of AdipoR1

in differentiation and mineralization

of HPDL cells. However, a recent

study reporting that adiponectin

induced the differentiation and min-

eralization of osteoblastic MC3T3-E1

via AdipoR1 (26) suggests that the

adiponectin–AdipoR1 pathway is also

involved in the cytodifferentiation of

HPDL cells. Although the functional

roles of adiponectin in periodontal

tissues have not been fully clarified,

adiponectin should be involved in

maintaining the homeostasis of peri-

odontal tissue.

In this study, we demonstrated two

functional aspects of adiponectin: the

Fig. 4. Silencing adiponectin receptor 1 (AdipoR1) using small interfering (si)RNA attenuated the suppression of interleukin-6 (IL6) gene

expression in mouse gingival fibroblasts (MGFs) stimulated with IL-1b. (A and B) MGFs transfected with AdipoR1, AdipoR2, or negative-

control siRNAs were cultured for 24 h. AdipoR1 and AdipoR2 mRNAs were quantified using real-time PCR. These data represent one of

three independent experiments. Data are the mean ± standard deviation of triplicate determinations (*p < 0.05). (C and D) Expression of

the IL6 gene in MGFs was examined using real-time PCR. MGFs transfected with AdipoR1, AdipoR2, or negative-control siRNAs were

cultured for 24 h. The cells were seeded, pretreated with adiponectin (ApN; 20 lg/mL) for 18 h, stimulated with IL-1b (0.5 ng/mL) for 2 h

and then total RNA was isolated. Data are the mean ± standard deviation of triplicate determinations. *p < 0.05 compared with IL-1b-
stimulated MGFs without ApN pretreatment. GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Lipo, lipofectamine 2000.
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first was an anti-inflammatory effect on

gingival fibroblasts and the second was

enhancement of cytodifferentiation in

HPDL cells. Although we did not per-

form studies to clarify the signal path-

way initiated following the activation of

AdipoR1, accumulating evidence sug-

gests that adiponectin increases the

activities of sirtuin1 (SIRT1) and aden-

osine monophosphate-activated pro-

tein kinase (AMPK; 10). SIRT1 is an

NAD+-dependent deacetylase that

interacts with and deacetylates p65 of

nuclear factor-jB and subsequently

inhibits the expression of inflammatory

genes (28). Adiponectin has been shown

to increase the levels of SIRT1 protein

and to suppress lipopolysaccharide

(LPS)-stimulated tumor necrosis factor-

a production in Kupffer cells (29).

AMPK is a heterotrimeric serine kinase

responsive to a variety of cellular stim-

uli. In osteoblastic cells, AMPK is

Fig. 5. Anti-adiponectin receptor 1 (AdipoR1) Igs attenuated the suppression of interleukin

(IL)-6 production in human gingival fibroblasts (HGFs) stimulated with IL-1b. Cells were

pretreated with control antibodies or with anti-AdipoR1 Igs for 1 h, incubated with

adiponectin (ApN; 10 lg/mL) for 18 h and then stimulated with IL-1b (0.5 ng/mL) for 12 h.

The levels of IL-6 protein in HGF cultured condition medium were measured using ELISA.

Data are the mean ± standard deviation of triplicate determinations. Normalized data are

shown as a percentage of the value in HGFs pretreated with the respective antibodies in the

absence of ApN. *p < 0.05 compared with control antibody-pretreated HGFs in the pres-

ence of ApN.

Fig. 6. Adiponectin promoted the differentiation of human periodontal ligament (HPDL) cells. (A) HPDL cells were cultured in calcification-

induced medium (C-Med) in the presence or absence of adiponectin (ApN; 10 lg/mL) for the indicated periods of time, then alkaline

phosphatase (ALP) activity during the cytodifferentiation of HPDL cells was measured. Data are the mean ± standard deviation of triplicate

determinations. *p < 0.05 compared with HPDL cells cultured in C-Med in the absence of ApN. (B and C) Real-time PCR was performed to

determine the expression of cytodifferentiation- and mineralization-related genes, such as ALP (B) and runt-related transcription factor 2

(RUNX2) (C). HPDL cells were cultured in C-Med in the presence or absence of adiponectin (ApN; 10 lg/mL) for the indicated periods of

time. Data are the mean ± standard deviation of triplicate determinations. *p < 0.05 compared with HPDL cells cultured in C-Med in the

absence of adiponectin. HPRT, hypoxanthine phosphoribosyltransferase.

Adiponectin regulates periodontal condition 569



stimulated viaAdipoR1 and induces the

production of bone morphogenetic

protein-2, stimulating cells to differen-

tiate into calcified (26,30). Further

studies are necessary to clarify the

involvement of the SIRT1 and AMPK

signaling pathways in the action of

adiponectin on both gingival fibroblasts

and HPDL cells.

In summary, the results of the pres-

ent study suggest that adiponectin may

have a therapeutically beneficial effect

on the control of anti-inflammatory

responses and treatment of periodon-

tal diseases. Topical application of

recombinant adiponectin during peri-

odontal surgery may improve wound

healing and regeneration at the peri-

odontal disease site. Further studies

are still required to demonstrate this

therapeutic effect.
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