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Background and Objective: Recent findings have suggested that osteoclastogenesis

is directly regulated by receptor activator of nuclear factor-kappa B ligand

(RANKL) and its decoy receptor, osteoprotegerin (OPG). However, no studies

have described interactions of OPG/RANKL and the gp130 cytokine family in

periodontal disease. This study aimed to identify and quantify OPG/RANKL in

the gingival crevicular fluid (GCF) and connective tissue of patients with perio-

dontitis, and to clarify possible correlations with disease severity and interleukin-6

(IL-6) cytokines.

Material and Methods: Ninety-five sites in 20 patients with generalized chronic

periodontitis were divided into four groups by site based on probing depth (PD)

and bleeding on probing (BOP). In periodontitis patients, GCF was obtained

using sterile paper strips from clinically healthy sites (PD £ 3 mm without BOP,

n ¼ 12 in periodontitis subjects), mildly diseased sites (PD £ 3 mm with BOP,

n ¼ 23), moderately diseased sites (PD £ 4–6 mm with BOP, n ¼ 33) and se-

verely diseased sites (PD > 6 mm with BOP, n ¼ 27). Fourteen clinically healthy

sites from four periodontally healthy individuals were used as the control group.

The levels of OPG, RANKL and two gp130 cytokines – IL-6 and oncostatin M

(OSM) – in the GCF were determined by an enzyme-linked immunosorbent assay

(ELISA) and are expressed as total amounts (pg/site). Immunohistochemical

localization of OPG- and RANKL-positive cells was also performed on gingival

connective tissues harvested from patients with periodontitis (inflammatory group,

n ¼ 8 biopsies) and from non-diseased individuals (healthy group, n ¼ 8 biopsies).

Results: GCF RANKL, but not OPG, was elevated in diseased sites of patients

with periodontitis. However, the expressions of OPG and RANKL showed no

correlation with disease severity (r ¼ 0.174 and 0.056, respectively), but the con-

tent of RANKL in the GCF was significantly positively correlated with those of

IL-6 (r ¼ 0.207) and OSM (r ¼ 0.231) (p < 0.01). Immunohistochemical staining
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Periodontitis is an inflammatory dis-

ease characterized by destruction of

the supporting tissues of the teeth.

An imbalance between the plaque

biofilm and the host immune system

results in the overexpression of pro-

inflammatory cytokines and the sub-

sequent destruction of alveolar bone.

At the molecular level, sites of bone

destruction represent higher activities

of osteoblasts relative to osteoclasts.

However, the precise mechanism of

bone destruction has not been clearly

elucidated over the past few decades.

Recent findings of the discovery of

the osteoprotegerin (OPG)/receptor

activator of nuclear factor-kappa B

ligand (RANKL)/receptor activator of

nuclear factor-kappa B (RANK) sys-

tem have unraveled a longstanding

unexplained phenomenon in bone

resorption. RANK is primarily ex-

pressed in cells of the monocyte/

macrophage lineage, including osteo-

clastic precursors, B and T cells,

dendritic cells and fibroblasts (1).

RANK activation by RANKL is fol-

lowed by its interaction with tumor

necrosis factor (TNF) receptor-associ-

ated (TRAF) family members and

activation of nuclear factor (NF)-jB,
c-Fos, C-Jun N-terminal protein

kinase (JNK), c-src, and the serine/

threonine kinase, Akt/PKB (2,3).

RANK is crucial for all calcium-tropic

hormones and proresorptive cytokines

to increase calcemia and multiplication

of osteoclasts in bone. RANKL, a

membrane-bound or soluble protein

belonging to the TNF superfamily, is

primarily produced in osteoblastic lin-

eages and activated T cells, stimulates

osteoclast differentiation and activa-

tion, and inhibits osteoclast apoptosis.

Binding of RANKL to RANK

expressed on the surfaces of osteoclasts

and their precursors, promotes osteo-

clast differentiation and activation (4).

OPG, a soluble protein that is one of

the TNF receptors (TNFRs), has con-

trasting properties to the RANKL-

mediated biological effects because it

acts as an inhibitor that suppresses

RANKL interaction, leading to a

decrease in osteoclastogenesis (5,6).

Various cytokines, such as interleu-

kin (IL)-1, IL-6 and IL-11, are known

to modulate RANKL and OPG levels

and can also be detected in the gingival

crevicular fluid (GCF) (7–9). Oncosta-

tin M (OSM), a member of the IL-6

family of cytokines, which includes

IL-6, IL-11, leukemia inhibitory factor

(LIF) and ciliary neurotrophic factors

(CNTFs), has been demonstrated to

fulfil Koch’s postulates as an inflam-

matory mediator (10). Expression of

increased OSM has also been noted in

certain inflammatory bone diseases,

such as rheumatoid arthritis (RA).

Furthermore, OSM alone may stimu-

late the production of IL-6, or it may

act synergistically with IL-6 or TNF-a
to, respectively, up-regulate the pro-

duction of metalloproteinases or aug-

ment IL-6 production (11,12). We

demonstrated that increased amounts

of IL-6 and OSM in the GCF were

positively correlated to the severity of

periodontitis (13).

In this study, we attempted to

determine the profiles of OPG,

RANKL, IL-6 and OSM in human

GCF and aimed to establish an initial

model of regulation of the OPG/

RANKL system by IL-6 family

cytokines in the progression of perio-

dontal inflammation.

Materials and methods

Patient and site selection

Eleven male patients (27–53 years old;

average age 46 years) and nine female

patients (31–64 years old; average age

53 years) were randomly selected from

patients at Taipei Medical University

Hospital. Their general health was

good, and none had taken medication,

such as anti-inflammatory drugs, anti-

biotics, or contraceptives, for 2 weeks

prior to the study. In addition, no

patient had received any periodontal

treatment within the 3 months pre-

ceding the study. All of the participants

were informed, in detail, of the proce-

dures, and signed a consent form in

advance of their participation in this

study. Clinical parameters included

probing depth (PD) and bleeding on

probing (BOP) at six sites on each

tooth, which were measured using a

Williams probe by the same examiner.

Sites with BOP were defined as dis-

eased sites.

Criteria for classification of
periodontal severity

Patients with ‡ 8 teeth that suffered

from radiographic-proven bone loss

extending into the middle third of the

root length or beyond, were defined as

periodontitis subjects. Sites with BOP

were initially defined as diseased sites

from periodontitis subjects (14). Sam-

pled sites were then categorized into

four subgroups based on a clinical

periodontal examination: clinically

healthy sites (PD £ 3 mm with no

evidence of BOP; n ¼ 12), mildly dis-

eased sites (PD £ 3 mm with BOP;

showed that RANKL-positive cells were significantly distributed in the inflam-

matory connective tissue zone of diseased gingiva, compared with those of samples

from non-diseased persons (p < 0.01). However, few OPG-positive cells were

found in connective tissue zones of either the diseased gingiva or healthy biopsies.

Conclusion: These findings imply that in this cross-sectional study of GCF,

RANKL, IL-6 and OSM were all prominent in periodontitis sites, whereas OPG

was inconsistently found in a few samples of diseased sites but was undetectable in

any of the control sites. The results also imply that the expression of RANKL was

positively correlated with IL-6 and OSM in the GCF.
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n ¼ 23), moderately diseased sites (PD

4–6 mm with BOP; n ¼ 33), severely

diseased sites (PD > 6 mm with BOP;

n ¼ 27), and 14 sites selected with

PD £ 3 mm and no evidence of BOP

from the gingival sulcus of four perio-

dontally healthy individuals (average

age 30 years).

Collection of GCF

GCF was obtained using sterile filter

paper strips (Periopaper�; Oraflow,

New York, NY, USA) in facially

proximal surfaces of single-rooted

teeth. GCF from four to six sites of

each patient was collected by the same

operator. The area was isolated, all

detectable supragingival plaque was

carefully removed, and the site was

gently air-dried to prevent salivary

contamination. A paper strip was

carefully inserted into the gingival

crevice until mild resistance was felt,

and it was left in place for 30 s. If a

strip was contaminated with blood or

debris, then it was discarded. The fluid

collected on the strip was immediately

transferred to a GCF meter (Periotron

8000; Oraflow), which had been calib-

rated with known serial volumes of

human serum, and was translated into

volume (ll) units by PERIOTRON PRO-

FESSIONAL 3.0 software (Oraflow).

In order to completely extract the

sample from the paper, we eluted the

fluid by the method of centrifugation

with portions of buffers. Briefly, each

strip was placed in a sterile Eppendorf

tube and incubated in 200 ll of a

phosphate buffer solution (50 mM;

pH 7.2) for 30 min. Thereafter, each

tube was centrifuged at 15,000 g and

4�C for 10 min. After removal of the

strips using centrifugal filtration, sup-

ernatants were stored at )80�C until

assayed (15).

Quantification of OPG, RANKL, IL-6
and OSM in GCF

The contents of OPG and RANKL in

the samples were determined by com-

mercial enzyme-linked immunosorbent

assay (ELISA) kits (Biomedica Medi-

zinprodukte, Wien, Austria). The con-

centration of IL-6 was quantified by

commercially available highly sensitive

ELISA kits (Quantikine� HS; R & D

Systems, Minneapolis, MN, USA)

according to the manufacturer’s

instructions. The concentration of

OSM was determined according to

methods recommended by the manu-

facturer (R & D Systems). Briefly, 96-

well microtiter plates were first coated

with monoclonal antihuman OSM

immunoglobulin (4 lg/ml; R & D

Systems). After blocking, the plates

were incubated with samples or stan-

dards followed by polyclonal biotiny-

lated antihuman OSM

immunoglobulin (50 ng/ml; R & D

Systems) and streptavidin horseradish

peroxidase (Zymed Laboratories, San

Francisco, CA, USA). Plates were then

developed with tetramethylbenzidine

(Clinical Science Laboratories, Mans-

field, MA, USA) for 30 min at room

temperature, and stop solution was

eventually added to terminate the

reaction. The intra-assay coefficient of

variance (CV) was < 3.6%, and the

interassay CV was < 10.8%.

The optical density of each well was

measured using a spectrophotometer

set to 490 nm for the IL-6 assay

and 450 nm for the OSM, OPG and

RANKL assays. All samples and

standards were assessed in duplicate.

Data were then calculated and

obtained by methods of interpolation

of a predetermined standard curve.

Values of total amounts are expressed

as pg/site.

Identification of OPG- and RANKL-
positive cells in gingival connective
tissue

Sample collection Biopsies from

inflamed tissues (comprising those

from the mild, moderate and severe

disease groups, each n ¼ 8) were taken

during periodontal flap surgery under

local anesthesia. Gingival samples

(n ¼ 8) of the healthy group were

harvested from wedge tissues of indi-

viduals whose periodontal status was

clinically healthy and who had agreed

to undergo a crown-lengthening pro-

cedure for prosthodontic purposes.

Sample preparation and section-

ing Samples were fixed with 3.5% for-

maldehyde in 0.1 M phosphate buffer at

4�C. After 24 h of fixation, all speci-

mens were washed in 0.05 M phosphate-

buffered saline (PBS) and then dehy-

drated and embedded in paraffin. Nine

specimens for each of the OPG and

RANKL groups were selected from

every five sections of 5-lm-thick serial

sections for immunohistochemical

staining. Sections were mounted on

slides that had previously been coated

with 3-aminopropyltriethoxysilan

(APES; Sigma, St Louis, MO, USA) to

avoid detachment of tissue samples, and

were treated for specific OPG and

RANKL immunohistochemical stain-

ing.

Immunohistochemical staining Sec-

tions were deparaffinized, rehydrated

and pretreated with Tris-HCl buffer for

25–30 min. Afterwards, these samples

were incubated with a 1 : 50 dilution of

goat antihuman OPG (sc-21039; Santa

Cruz Biotechnology, Santa Cruz, CA,

USA) and with a 1 : 50 dilution of goat

antihuman RANKL (sc-7627; Santa

Cruz Biotechnology) overnight at 4�C.
Both antibodies were diluted in 1%

bovine serum albumin (BSA) before

use. Endogenous streptavidin-biotin

(Vector Laboratories, Burlingame,

CA, USA) was used as the blocking

agent. Immunodetection was per-

formed using a Vectastain Universal

Quick kit (Vector Laboratories) and

diaminobenzidine (DAB) as the sub-

strate–chromogen system (Dako, Car-

pentaria, CA, USA).

Cell counting A grid scan was used to

determine the 0.1 · 0.1-mm square

field for cell counting, and five areas

were randomly chosen in connective

tissue area (· 200) of each specimen.

Statistical analysis

All statistical analyses were computer-

ized and analyzed by SPSS software

(version 10.0; SPSS, Chicago, IL,

USA). It was found that these data

were not drawn from a normally dis-

tributed population, as estimated by

the Shapiro-Wilk test. Therefore, site

cytokine levels were compared among

groups using the Kruskal–Wallis one-

way analysis of variance and between

each pair of groups using the
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Mann–Whitney U-sum rank test.

Strong correlations between variables

were determined by Spearman rank

correlation coefficients. We considered

a statistical correlation to be significant

at p < 0.05 for IL-6/RANKL and

OSM/RANKL, and at p < 0.01 for

IL-6/OSM. As for the immunohisto-

chemical analysis, data were analyzed

using the Mann–Whitney U-Wilcoxon

test to compare the intensities of OPG-

and RANKL-positive cells in gingival

connective tissues of diseased sites

and control non-diseased sites. The

mean data were calculated as the per-

centage of positive cells relative to the

total number of cells counted in each

field.

Results

Amounts of OPG and RANKL

Box-and-whisker plots for the content

values of GCF OPG and RANKL are

illustrated in Fig. 1. OPG was detected

in 60 of 83 diseased sites and in nine of

12 clinically healthy sites in diseased

subjects, but not in any healthy subject.

RANKL was detected in all groups,

except for one control site. The ranges

of OPG and RANKL content in heal-

thy individuals were, respectively,

9.67–40.73 and 0–45.16 pg/site, while

values from the healthy sites of pa-

tients with periodontitis were 0–7.75

and 27.16–72.66 pg/site, from sites

with mild periodontitis were 0–29.05

and 22.02–280.89 pg/site, with moder-

ate periodontitis were 0–27.71 and

27.69–285.75 pg/site, and with severe

periodontitis were 0–27.35 and 0–

285.75 pg/site, respectively. In diseased

subjects, OPG showed no significant

differences in intergroup comparisons,

while RANKL was markedly increased

in moderately and severely diseased

sites compared with healthy sites

(Mann–Whitney U rank sum test,

p < 0.05).

Amounts of IL-6 and OSM

The levels of IL-6 and OSM in GCF

for the five groups are shown in Fig. 2.

In periodontitis subjects, IL-6 and

OSM were detected in amounts ran-

ging from 0 to 3.51 and 0–4.77 pg/site

in healthy sites, and from 0 to 4.79 and

0–5.10 pg/site in mildly diseased sites,

0.37–4.84 and 0.85–6.60 pg/site in

moderately diseased sites, and 1.05–

7.25 and 1.31–7.80 pg/site in severely

diseased sites, respectively. The ranges

of IL-6 and OSM content values were

measured at 0–2.14 and 0–2.05 pg/site,

respectively, in the healthy individual

group. In diseased subjects, there was a

statistically significant intergroup

comparison (Kruskal–Wallis analysis

of variance, p < 0.01). IL-6 and OSM

showed positive correlations with

increased disease severity (Table 1,

both p < 0.01).

Comparison of IL-6/OSM and OPG/
RANKL levels of healthy sites from
both healthy and diseased subjects

No statistically significant differences

were observed in the content values of

IL-6 and OSM between healthy sites of

healthy subjects and healthy sites of

diseased subjects (Fig. 2), but Fig. 1

shows a statistically significant differ-

ence in the expression of RANKL

between these two groups (Mann–

Whitney U-Wilcoxon test, p < 0.01),

but not of OPG.

Correlations of disease severity,
OPG, RANKL, IL-6 and OSM in
diseased subjects

To determine whether the levels of

OPG, RANKL, IL-6 and OSM in

GCF were correlated with the severity

of periodontitis and whether a corre-

lation existed between cytokines, the

correlation coefficients were analyzed

using Spearman’s rank test (Table 1).

Total amount of OSM and IL-6, but

not of OPG or RANKL, in GCF were

positively correlated with the severity

of periodontitis (p < 0.01). In addi-

tion, the Pg/site of IL-6/RANKL,

OSM/RANKL and IL-6/OSM were

found to have significantly positive

correlations with each other (p <

0.05, < 0.05 and <0.01, respectively).

Differences existed in the intensities

of OPG- and RANKL-positive cells

between diseased sites and control,

healthy sites.
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Fig. 1. Levels of osteoprotegerin (OPG) and the receptor activator of nuclear factor-kappa B

ligand (RANKL) in gingival crevicular fluid (GCF) obtained from diseased and healthy

subjects. In diseased subjects, the concentrations of OPG and RANKL were not significantly

different among groups, as calculated by the Kruskal–Wallis one-way analysis of variance

(p ¼ 0.275 and 0.109, respectively). *p < 0.05 as compared with healthy sites of diseased

individuals, determined by the Mann–Whitney U-Wilcoxon test. (The box extends from the

25th to the 75th percentiles. The line within the box is the median. Whiskers extend to the

largest and smallest values within 1.5 box lengths.).
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Immunohistochemical staining

results showed no differences in the

distribution of OPG-positive cells in

either diseased or healthy connective

tissue sites. OPG-positive cells were

rarely scattered in the diffuse zone of

inflammation in the gingival connect-

ive tissue of diseased samples. How-

ever, RANKL-positive cells were

widely distributed in the gingival con-

nective tissue of patients with chronic

periodontitis [mean ± standard devi-

ation (SD), 53.70% ± 15.48%]. The

Mann–Whitney U-test showed a signi-

ficant difference in the RANKL-posit-

ive cell percentage between diseased

sites of patients with chronic perio-

dontitis and those of healthy individu-

als (Table 2, p < 0.01).

Discussion

Our data suggest that from the evi-

dence of the positive correlations

among GCF RANKL and IL-6/OSM,

the crosstalk between members of the

TNF family and gp130 family might

play a certain role in the progression of

periodontal disease. Numerous factors

are known to increase bone resorption.

Richards et al. first demonstrated the

unique role of OSM in the induction of

osteoclast differentiation and resorp-

tive activity using mouse target cells

(16). Human OSM may also regulate

IL-6 secretion, collagen secretion and

alkaline phosphatase activity in cal-

varia osteoblast cell cultures (17). OSM

and IL-6 are known to stimulate

mesenchymal progenitor differenti-

ation toward the osteoblastic lineage

and are also potent anti-apoptotic

agents on osteoblastic cells (18). How-

ever, the main sources of IL-6 in bone

are osteoblastic cells and stromal cells,

not osteoclastic cells (19). IL-6 stimu-

lates osteoclast activity and bone

resorption by an indirect mechanism,

increasing the interactions between

osteoblasts and osteoclasts. Functional

studies have indicated that receptors

on osteoblasts, but not on osteoclasts,

are required in order for IL-6 to sti-

mulate osteoclast differentiation (20).

In addition, osteoblasts express both

subunits of the IL-6 receptor, gp130

and IL-6a receptors, and the receptor

complex is activated by IL-6 (21).

Therefore, the first action of IL-6 is to

stimulate osteoblastic production of

downstream effectors, which subse-

quently activate osteoclasts, among

which the RANKL is of concern. The

RANKL produced by osteoblasts can

act in either a paracrine manner to

activate osteoclast activity directly, or

in an autocrine manner, similar to that

of IL-6, to stimulate osteoblasts to

produce further RANKL, which

directly activates osteoclasts.

Table 1. Correlation coefficients for disease severity, interleukin-6 (IL-6), oncostatin M

(OSM), receptor activator of nuclear factor-kappa B ligand (RANKL) and osteoprotegerin

(OPG)

Parameter Disease severity IL-6 OSM RANKL OPG

IL-6 0.615** – – – –

OSM 0.615** 0.412** – – –

RANKL 0.174 0.207* 0.231* – –

OPG 0.056 0.063 0.146 )0.094 –

*Correlation is significant at the p < 0.05 level (Spearman rank correlation coefficients).

**Correlation is significant at the p < 0.01 level (Spearman rank correlation coefficients).

Table 2. Mann–Whitney U-test statistics for calculation of receptor activator of nuclear

factor-kappa B ligand (RANKL)-positive cells (%)

Group n Minimum Maximum Mean SD

Healthy 8 0.80 18.72 7.88 6.87

Inflamed 8 33.54 79.91 53.70* 15.48

*Asymmetrically significant (two-tailed), p < 0.01.

SD, standard deviation.
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Fig. 2. Levels of oncostatin M (OSM) and interleukin-6 (IL-6) in the gingival crevicular fluid

(GCF) from diseased and healthy subjects. In diseased subjects, the amount of IL-6 and

OSM showed significant differences among groups, as calculated by the Kruskal–Wallis one-

way analysis of variance (p < 0.001). *p < 0.01 compared with healthy sites of diseased

individuals, determined by the Mann–Whitney U-Wilcoxon test. (The box extends from the

25th to the 75th percentiles. The line within the box is the median. Whiskers extend to the

largest and smallest values within 1.5 box lengths.).
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Numerous cytokines, such as IL-1a,
IL-1b, TNF-a, IL-6 and IL-8, are

known to modulate the OPG/

RANKL/RANK system and increase

bone resorption (22). In a culture study

using recombinant RANKL or OPG

to enhance or decrease cytokine pro-

duction in mouse RANKL-deficient T

cells or normal T cells, it was shown

that OPG and RANKL have no direct

effect on the cytokine production of T

cells (23). However, it was convincing

that IL-6 may modulate the OPG/

RANKL/RANK system through

directly increasing RANKL expression

in osteoblasts and stromal cells (24,25).

Conversely, IL-6 has little effect on the

levels of OPG mRNA in cultures of

human periodontal ligament cells

(4).Our study showed that the total

content of RANKL, but not of OPG,

was significantly correlated with both

OSM and IL-6 in the GCF of diseased

sites. This implies that in the cascade of

periodontal inflammation, human T

cells and monocyte lineages can syn-

thesize and secrete large amounts of

OSM and IL-6 in response to bacterial

products. Those members of the gp130

family of cytokines appeared to play a

key role in regulating periodontal bone

resorption by acting on both osteo-

blasts and osteoclasts through auto-

crine IL-6 and paracrine RANKL

regulation.

The up-regulation of RANKL, and

the down-regulation of OPG, have

been observed in various inflammatory

bone diseases, such as osteoporosis,

RA, periodontal diseases and multiple

myelomas (1,8,9). OPG acts as a decoy

receptor to compensate for the RANK,

for RANKL binding and inhibits os-

teoclast maturation and activation

both in vitro and in vivo (5,6); never-

theless, multiple functions of the

RANKL include promotion of osteo-

clast differentiation, activation of os-

teoclasts and inhibition of osteoclast

apoptosis (26,27). It was speculated

that expression of the RANKL coin-

cided with the net interaction of

RANKL and OPG. A semiquantita-

tive image analysis demonstrated that

significantly higher levels of RANKL

protein were expressed in periodontal

lesions. Conversely, OPG protein was

significantly lower in periodontitis tis-

sue (28). Another semiquantitative

reverse transcription–polymerase chain

reaction (RT–PCR) study showed that

the level of RANKL mRNA was

highest in advanced periodontitis. In

contrast, the level of OPG mRNA in

both advanced and moderate perio-

dontitis was lower than that in the

healthy group (8). Our data, on the

OPG content of diseased sites, dem-

onstrated that 25% of the samples had

undetectable levels in the OPG assay.

The GCF OPG of all sample sites of

healthy individuals was also below the

detection level. The immunohisto-

chemical analysis also proved that un-

like OPG, RANKL-positive cells were

widely distributed in the inflammatory

tissue of diseased gingiva. This is in

accordance with information from the

above literature that up-regulation of

the RANKL and down-regulation of

OPG may be considered to be the

master mechanisms modulating local

bone destruction in periodontitis.

Dhore et al. demonstrated signifi-

cant RANKL and OPG immunore-

activities in non-diseased vessel walls

and in early atherosclerotic lesions in

human tissues, whereas in advanced

atherosclerosis lesions, only the

RANKL was detected in the extra-

cellular matrix surrounding calcium

deposits (29). A recent study found

that OPG levels in serum were � 30%

greater in women with diabetes than

in those without diabetes in an elderly

female group, and a significant corre-

lation of elevated OPG serum levels

with the prevalence of cardiovascular

mortality was also noted (30). Inter-

estingly, OPG-deficient mice exhibit

both a decrease in bone density and

calcification of vessels (31). It is poss-

ible that increased serum levels of

OPG act as a protective factor coun-

teracting disease progression. OPG

and RANKL might be involved not

only in regulating osteoclastogenesis

but also atherosclerosis. In the present

study, a significant difference in the

expression of the GCF RANKL was

found between healthy sites of dis-

eased subjects and control sites of

healthy individuals (Fig. 1). This

implies that the inflammatory

response of periodontal lesions may

exert certain systemic effects on the

cardiovascular system through perio-

dontal RANKL secretion. However,

when the cytokine expression of heal-

thy sites in control individuals was

compared with that in diseased indi-

viduals, our results showed no signifi-

cant differences in the expression of

IL-6 and OSM between these two

groups (Fig. 2). This implies that the

expression of IL-6 and OSM in the

GCF of diseased sites may present

only local infectious factors in perio-

dontal lesions. We conjectured that

although the gp130 cytokine family

only exerted a local response in perio-

dontal lesions, modulation of IL-6 and

OSM in atherosclerosis may still occur

indirectly via the up-regulation of

RANKL expression. In conclusion, in

this cross-sectional study of GCF in

periodontal disease, IL-6, OSM and

the RANKL were prominent in peri-

odontitis sites, whereas OPG was not

detectable in some diseased sites and

healthy control sites. IL-6 and OSM

may activate up-regulation of the

RANKL, leading to the sequence of

destruction of the periodontium.

Although the content of IL-6, OSM,

RANKL and OPG in GCF were

investigated in our study, our conclu-

sions were limited to the GCF. For

the purpose of explaining the roles of

IL-6 and OSM in the pathogenesis of

periodontitis and the RANKL/OPG/

RANK system, further in vitro cell

culture studies and in vivo animal

model studies are needed.

Acknowledgements

The financial support of this study was

provided by National Science Council

of Taiwan (NSC 91-2314-B-038-016).

References

1. Khosla S. Minireview: the OPG/RANKL/

RANK system. Endocrinology

2001;142:5050–5055.

2. Anderson MA, Maraskovsky E, Billings-

ley WL et al. A homologue of the TNF

receptor and its ligand enhance T-cell

growth and dendritic-cell function. Nature

1997;390:175–179.

3. Hsu H, Lacey DL, Dunstan CR et al.

Tumor necrosis factor receptor family

member RANK mediates osteoclast dif-

ferentiation and activation induced by

OPG/RANKL system and gp130 cytokines in GCF 359



osteoprotegerin ligand. Proc Natl Acad Sci

USA 1999;96:3540–3545.

4. Yasuda H, Shima N, Nakagawa N et al.

Osteoclast differentiation factor is a ligand

for osteoprotegerin/osteoclastogenesis-

inhibitory factor and is identical to

TRANCE/RANKL. Proc Natl Acad Sci

USA 1998;95:3597–3602.

5. Simonet WS, Lacey DL, Dunstan CR

et al. Osteoprotegerin: a novel secreted

protein involved in the regulation of bone

density. Cell 1997;89:309–319.

6. Yasuda H, Shima N, Nakagawa N et al.

Identity of osteoclastogenesis inhibitory

factor (OCIF) and osteoprotegerin

(OPG): a mechanism by which OPG/

OCIF inhibits osteoclastogenesis in vitro.

Endocrinology 1998;139:1329–1337.

7. Teng YT, Nguyen H, Gao X et al. Func-

tional human T-cell immunity and osteo-

protegerin ligand control alveolar bone

destruction in periodontal infection. J Clin

Invest 2000;106:59–67.

8. Liu D, Xu JK, Figliomeni L et al.

Expression of RANKL and OPG mRNA

in periodontal disease: possible involve-

ment in bone destruction. Int J Mol Med

2003;11:17–21.

9. Mogi M, Otogoto N, Togari A. Differen-

tial expression of RANKL and osteopro-

tegerin in gingival crevicular fluid of

patients with periodontitis. J Dent Res

2004;83:166–169.

10. Modur V, Feldhaus MJ, Weyrich AS et al.

Oncostatin M is a proinflammatory

mediator. In vivo effects correlate with

endothelial cell expression of inflamma-

tory cytokines and adhesion molecules.

J Clin Invest 1997;100:158–168.

11. Manicourt DH, Poilvache P, Van Egeren

A, Devogelaer JP, Lenz ME, Thonar EJ.

Synovial fluid levels of tumor necrosis

factor alpha and oncostatin M correlate

with levels of markers of the degradation

of crosslinked collagen and cartilage agg-

recan in rheumatoid arthritis but not in

osteoarthritis. Arthr Rheum 2000;43:281–

288.

12. Brown TJ, Rowe JM, Liu JW, Shoyab M.

Regulation of IL-6 expression by oncost-

atin M. J Immunol 1991;147:2175–2180.

13. Lin S-J, Chen Y-L, Kuo MY-P, Li C-L,

Lu H-K. Measurement of gp130 cytokine-

oncostatin M and IL-6 in gingival

cervicular fluid of patients with chronic

periodontitis. Cytokine 2005;30:160–167.

14. Joss A, Adler R, Lang NP. Bleeding on

probing. A parameter for monitoring

periodontal conditions in clinical practice.

J Clin Periodontol 1994;21:402–408.

15. Uematsu S, Mogi M, Deguchi T. Inter-

leukin (IL)-1b, IL-6, tumor necrosis

factor-a, epidermal growth factor, and

b2-microglobulin levels are elevated in

gingival crevicular fluid during human

orthodontic tooth movement. J Dent Res

1996;75:562–567.

16. Richards CD, Langdon C, Deschamps P,

Pennica D, Shaughnessy SG. Stimulation

of osteoclast differentiation in vitro by

mouse oncostatin m, leukaemia inhibitory

factor, cardiotrophin-1 and interleukin 6:

synergy with dexamethasone. Cytokine

2000;12:613–621.

17. Jay PR, Centrella M, Lorenzo J, Bruce

AG, Horowitz MC. Oncostatin-M: a new

bone active cytokine that activates osteo-

blasts and inhibits bone resorption.

Endocrinology 1996;137:1151–1158.

18. Taguchi Y, Yamamoto M, Yamate T

et al. Interleukin-6-type cytokines stimu-

lates mesenchymal progenitor differenti-

ation toward the osteoblastic lineage. Proc

Assoc Am Physicians 1998;110:559–574.

19. Holt I, Davie MWJ, Marshall MJ. Oste-

oclasts are not the major source of inter-

leukin-6 in mouse parietal bone. Bone

1996;18:221–226.

20. Udagawa N, Takahashi N, Katagiri T

et al. Interleukin (IL)-6 induction of

osteoclast differentiation depends on IL-6

receptors expressed on osteoblastic cells

but not on osteoclast progenitors. J Exp

Med 1995;182:1461–1468.

21. Bellido T, Stahl N, Farruggella TJ, Borba

GD, Yancopuolos GD, Manolagas SC.

Detection of receptors for interleukin-6,

interleukin-11, leukaemia inhibitory fac-

tor, oncostatin M, and ciliary neuro-

trophic factor in bone marrow stromal/

osteoblastic cells. J Clin Invest

1996;97:431–437.

22. Kong YY, Boyle WJ, Penninger JM. Os-

teoprotegerin ligand: a common link

between osteoclastogenesis, lymph node

formation and lymphocyte development.

Immunol Cell Biol 1999;77:188–193.

23. Kong YY, Yoshida H, Sarosi I et al.

OPGL is a key regulator of osteoclasto-

genesis, lymphocyte development and

lymph-node organogenesis. Nature

1999;397:315–323.

24. Kong YY, Boyle WJ, Penninger JM. Os-

teoprotegerin ligand: a regulator of im-

mune responses and bone physiology.

Immunol Today 2000;21:495–502.

25. Nakashima T, Kobayashi Y, Yamasaki S

et al. Protein expression and functional

difference of membrane-bound and sol-

uble receptor activator of NF-kappaB

ligand: modulation of the expression by

osteotropic factors and cytokines. Bio-

chem Biophys Res Commun 2000;275:768–

775.

26. Lacey DL, Timms E, Tan HL et al. Os-

teoprotegerin ligand is a cytokine that

regulates osteoclast differentiation and

activation. Cell 1998;93:165–176.

27. Fuller K, Wong B, Fox S, Choi Y,

Chambers TJ. TRANCE is necessary and

sufficient for osteoblast-mediated activa-

tion of bone resorption in osteoclasts.

J Exp Med 1998;188:997–1001.

28. Crotti T, Smith MD, Hirsch R et al.

Receptor activator NF jB ligand

(RANKL) and osteoprotegerin (OPG)

protein expression in periodontitis.

Receptor activator NF jB ligand

(RANKL) and osteoprotegerin (OPG)

protein expression in periodontitis. J Per-

iodont Res 2003;38:380–387.

29. Dhore CR, Cleutjens JP, Lutgens E et al.

Differential expression of bone matrix

regulatory proteins in human atheroscler-

otic plaques. Arterioscler Thromb Vasc

Biol 2001;21:1998–2003.

30. Browner WS, Lui LY, Cummings SR.

Associations of serum osteoprotegerin

levels with diabetes, stroke, bone density,

fractures, and mortality in elderly women.

J Clin Endocrinol Metab 2001;86:631–637.

31. Bucay N, Sarosi I, Dunstan CR et al.

Osteoprotegerin-deficient mice develop

early onset osteoporosis and arterial cal-

cification. Genes Dev 1998;12:1260–1268.

360 Lu et al.




