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Background and Objective: Receptor activator of nuclear factor-jB ligand

(RANKL) is responsible for the induction of osteoclastogenesis and bone

resorption, whereas its decoy receptor, osteoprotegerin, can directly block this

action. Because this dyad of cytokines is crucial for regulating the bone remod-

elling process, imbalances in their expression may cause a switch from the phy-

siological state to enhanced bone resorption or formation. This study investigated

the mRNA expression of RANKL and osteoprotegerin, as well as their relative

ratio, in the gingival tissues of patients with various forms of periodontal diseases.

Material and Methods: Gingival tissue was obtained from nine healthy subjects

and 41 patients, who had gingivitis, chronic periodontitis, generalized aggressive

periodontitis, and chronic periodontitis and were receiving immunosuppressant

therapy. Quantitative real-time polymerase chain reaction was employed to

evaluate the mRNA expression of RANKL and osteoprotegerin in these tissues.

Results: Compared with healthy individuals, patients in all periodontitis groups,

but not those with gingivitis, exhibited stronger RANKL expression and a higher

relative RANKL/osteoprotegerin ratio. In addition, osteoprotegerin expression

was weaker in patients with chronic periodontitis. When patients with generalized

aggressive periodontitis and chronic periodontitis were compared, the former

exhibited stronger RANKL expression, whereas the latter exhibited weaker osteo-

protegerin expression, and there was no difference in their relative ratio. When

chronic periodontitis patients were compared with chronic periodontitis patients

receiving immunosuppressant therapy, osteoprotegerin, but not RANKL,

expression was stronger in the latter.

Conclusion: This study demonstrates that RANKL and osteoprotegerin expres-

sion are differentially regulated in various forms of periodontitis, and the relative

RANKL/osteoprotegerin ratio appears to be indicative of disease occurrence. This

information may confer diagnostic and therapeutic value in periodontitis.
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Bone resorption is regulated by the

molecular interplay of receptor acti-

vator of nuclear factor-jB ligand

(RANKL) and osteoprotegerin, which

are members of the tumor necrosis

factor ligand and receptor families,

respectively. RANKL is a predomin-

antly membrane-bound ligand that is

expressed by osteoblasts, fibroblasts

and activated T- and B cells, and

triggers the differentiation and activa-

tion of osteoclasts; the action of

RANKL can be blocked by its soluble

decoy receptor, osteoprotegerin (1).

The expression of RANKL and osteo-

protegerin is tightly regulated by

systemic and local stimuli, including

hormones, inflammatory mediators,

and bacterial products (2). The bal-

anced regulation of the RANKL–os-

teoprotegerin expression system can

determine health from disease, as

demonstrated in a number of bone

destructive diseases, including bacter-

ial arthritis, rheumatoid arthritis, and

periodontitis (3–9). Changes in the

relative RANKL/osteoprotegerin

expression ratio affect the bone

remodeling process, and an increase in

this ratio is a preamble for bone

resorption. Compared with healthy

individuals, periodontitis patients

exhibit increased RANKL expression

in their periodontal tissues (10,11) or

gingival crevicular fluid (12), reflecting

an increased RANKL/osteoprotegerin

ratio (13). Nevertheless, little is known

about the differences of expression of

RANKL and osteoprotegerin in tissue

in various forms of periodontal

diseases.

Treatment with immunosuppressive

drugs has been shown to inhibit gin-

gival inflammation and progression of

periodontitis, resulting in a significant

reduction of alveolar bone loss (14–

18). As immunosuppressive drugs

have been implicated in the progres-

sion of periodontal disease, chronic

periodontitis patients under immuno-

suppressive medication, but with a

potentially pathogenic bacterial load,

may be a useful model for using to

study periodontal disease mecha-

nisms. To date there is no informa-

tion regarding the expression of

RANKL and osteoprotegerin in gin-

gival tissues of chronic periodontitis

patients under immunosuppressive

treatment.

Therefore, this study aimed to com-

pare RANKL and osteoprotegerin

mRNA expression levels, as well as

their relative expression ratio, in the

gingival tissues of patients with gingi-

vitis, chronic periodontitis and gener-

alized aggressive periodontitis, in

chronic periodontitis patients under

immunosuppressive treatment, and in

healthy subjects.

Material and methods

Study population and clinical
examination

A total of 50 subjects were included in

this study. All subjects were recruited

from the Department of Perio-

dontology, School of Dentistry (Ege

University, Ýzmir). Written and in-

formed consent was obtained from

each subject prior to enrollment in the

study. Complete medical and dental

histories were taken from all subjects.

None of the subjects had taken

medication (such as antibiotics or

contraceptives), which could affect

their periodontal status, for at least

3 mo prior to the study. The immuno-

suppressant group consisted of renal

transplant patients with chronic peri-

odontitis who had been followed by

the Nephrology Department at Ege

University. These patients had been

receiving cyclosporine A therapy for a

minimum of 6 mo, and the cyclo-

sporine A dose had been adjusted to

maintain stable serum levels of 80–

300 ng/mL. Cyclosporine A-treated

patients also received azathioprine

and prednisolone. Patients taking any

other drugs, such as calcium channel

blockers, reported to cause drug-in-

duced gingival overgrowth, were

excluded. No sign of graft rejection

was detected in these renal transplant

patients. Selection of the patients was

made according to the clinical and

radiographic criteria proposed by the

1999 International World Workshop

for a Classification of Periodontal

Disease and Conditions (19). To

determine the clinical periodontal

status, all subjects had a clinical perio-

dontal examination, including the

measurement of probing depth and

clinical attachment loss. Dichotomous

measurement of supragingival plaque

accumulation and bleeding on probing

were also recorded. Measurements

were performed at six sites per tooth

for the whole mouth.

Healthy group

The healthy group consisted of four

women and five men ranging in age

from 16 to 38 years with a mean age of

21.4 ± 7.6 years. They had no clinical

signs of gingival inflammation (no

bleeding on probing), exhibited a pro-

bing depth of <3 mm, and had no

radiographic evidence of alveolar bone

loss.

Gingivitis group

The gingivitis group included four

women and four men with varying

degrees of gingival inflammation

(bleeding on probing), but with no

radiographic evidence of alveolar bone

loss. These patients ranged in age from

16 to 59 years (mean age 34 ±

16.3 years).

Chronic periodontitis group

The chronic periodontitis group inclu-

ded five women and six men, ranging

in age from 42 to 61 years, with a mean

age of 50.1 ± 5.5 years. They had at

least four sites with a probing depth

of ‡ 6 mm and clinical attachment

loss of ‡ 4 mm at the same site.

A diagnosis of chronic periodontitis

was made if the clinical attachment loss

was commensurate with the amount of

local factors of the patients.

Immunosuppressive drug-receiving
chronic periodontitis group

The chronic periodontitis patients

receiving immunosuppressant therapy

included seven women and three men

ranging in age from 16 to 54 years

with a mean age of 34.8 ± 12.5 years.

They had severe gingival overgrowth

(Hyerplasia Index ¼ 3), and exhibited

at least four sites with a probing dep-

th of ‡ 6 mm and clinical attachment

loss of ‡ 4 mm at the same site.
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Generalized aggressive periodontitis
group

The generalized aggressive perio-

dontitis group consisted of six women

and six men between the ages of 18 and

39 years (mean of 28.9 ± 5.3 years).

These patients demonstrated a gener-

alized pattern of severe periodontal

destruction and clinical attachment

loss of ‡ 4 mm on eight or more teeth;

at least three of those were other than

central incisors or first molars. These

patients showed severe periodontal

tissue destruction and loss of perio-

dontal support that were inconsistent

with age and plaque levels.

Collection of gingival tissue samples

Gingival tissue samples, including both

epithelium and connective tissue, were

taken from the approximal sites of

single rooted teeth prior to nonsurgical

periodontal therapy in the instance of

diseased subjects, and during tooth

extractions for orthodontic reasons or

crown-lengthening procedures in heal-

thy subjects. One tissue sample from

each subject was obtained and imme-

diately submerged in a sterile tube

containing RNAlater solution (Ambi-

on, Inc., Huntington, UK) and stored

at +4�C overnight, before long-term

storage at )40�C until further labor-

atory analysis.

RNA extraction and reverse
transcription

Total RNA from gingival tissue biop-

sies was extracted using the SV Total

RNA Isolation System (Promega Cor-

poration, Madison, WI, USA),

according to the manufacturer’s

instructions. Briefly, RNA Lysis Buffer

(175 lL per 30 mg of tissue) was added

to the biopsy, inverted three or four

times, and 350 lL of RNA Dilution

Buffer was added to the lysate. The

mixture was then heated at +70�C for

3 min, and then centrifuged at 12,000 g

for 10 min. The nucleic acids were then

precipitated with ethanol and bound to

the silica surface of the glass fibers on

the membrane. RNAse-free DNAseI

(Promega) was directly applied to the

silica membrane to digest contamin-

ating genomic DNA. The bound RNA

was further purified by subsequent

washing steps (162.8 mM potassium

acetate, 21.1 mM Tris–HCl). The total

RNA was finally eluted from the

membrane by the addition of nuclease-

free water (Promega). The quality of

RNA was assessed by agarose gel

electrophoresis, and its concentration

and purity were assayed by ultraviolet

spectrophotometry. One microgram of

RNA was used for the reverse tran-

scription (RT) reaction, using the

Protoscript First Strand cDNA Syn-

thesis Kit (New England Bio-Labor-

atories Inc., Ipswich, MA, USA),

according to the manufacturer’s

instructions. The cDNA was then

stored at )20�C until the polymerase

chain reaction (PCR) amplifications

were carried out.

Quantitative real-time PCR

Quantitative real-time RT-PCR analy-

ses for RANKL, osteoprotegerin and

18S rRNA were performed using an

ABI Prism 7900HT Sequence Detec-

tion System and software (Applied

Biosystems, Foster City, CA, USA).

18S rRNA was used as an endogenous

RNA control in the samples. The

probes and the primers were synthes-

ized by Applied Biosystems (Assay IDs

RANKL: Hs00243522-m1, osteopro-

tegerin: Hs00171068-m1, and 18S

rRNA: Hs99999901-s1) and the

amplification reactions were performed

with qPCR Master Mix (Abgene, Ep-

som, UK). The standard PCR condi-

tions were 10 min at 95�C, followed by

40 cycles at 95�C for 15 s, 60�C for

1 min, and 72�C for 30 s. The expres-

sion levels of RANKL and osteopro-

tegerin transcripts were calculated by

using the comparative Ct method

(2–DCt formula) after normalization to

the 18S rRNA.

Statistical analysis

Statistical analysis was performed

using nonparametric techniques.

Comparisons between all groups were

performed using the Kruskal–Wallis

test. When there were significant

differences (p < 0.008), two-group

comparisons were assessed with

Mann–Whitney U-tests, and a p-value

of <0.05 was considered to be statis-

tically significant. In order to analyze

the correlations between RANKL and

osteoprotegerin levels and clinical

parameters, Spearman’s rank correla-

tion analysis was used and a p-value of

<0.01 was considered significant. All

data analyses were performed using the

SPSS 12.0 software.

Results

Clinical findings

The mean clinical data for the samp-

ling areas are shown in Table 1.

Chronic periodontitis and generalized

aggressive periodontitis groups had

significantly higher mean probing

depth and clinical attachment loss

scores of sampling sites than the heal-

thy and gingivitis groups (p < 0.05).

The mean probing depth and clinical

attachment loss scores of sampling

sites in chronic periodontitis patients

receiving immunosuppressant therapy

and in patients of the chronic perio-

dontitis group were similar. All patient

groups had a significantly higher per-

centage of sites with bleeding on

probing and plaque compared with

the healthy group. The generalized

aggressive periodontitis, chronic

periodontitis, chronic periodontitis

patients receiving immunosuppres-

sant therapy and gingivitis groups

had a similar percentage of sites

with bleeding on probing and

plaque.

RANKL and osteoprotegerin
expression analysis by real-time
quantitative PCR

To determine differences in RANKL

and osteoprotegerin gene expression in

different clinical forms of periodontal

diseases, quantitative real time RT-

PCR was employed in nine healthy and

41 periodontally diseased gingival tis-

sues. All of the gingival tissue samples

studied expressed osteoprotegerin

mRNA, but not all expressed detect-

able levels of RANKL mRNA (Figs

1B, 2B). RANKL was not detected in

any samples of healthy tissue (0/9), but

was detectable in 25% (2/8) of tissue

RANKL and osteoprotegerin mRNA expression in periodontal diseases 289



samples from patients with gingivitis,

in 54% (6/11) of tissue samples from

patients with chronic periodontitis, in

75% (9/12) of tissue samples from

patients with generalized aggressive

periodontitis, and in 60% (6/10) of

tissue samples from patients with

chronic periodontitis receiving

immunosuppressant therapy (Fig. 1A).

In contrast, all of the tissue samples

expressed detectable levels of osteo-

protegerin. In comparison with healthy

tissues, RANKL expression was signi-

ficantly (p < 0.05) induced in all perio-

dontitis groups (chronic periodontitis,

generalized aggressive periodontitis,

chronic periodontitis patients receiving

immunosuppressant therapy), but not

in gingivitis (Fig. 1B). In addition,

RANKL levels in generalized aggres-

sive periodontitis were 10-fold higher

than in chronic periodontitis (p ¼
0.048). Compared with healthy tissues,

osteoprotegerin expression was

decreased inalldiseasegroups(Fig. 2A),

but this was statistically significant only

in chronic periodontitis (p ¼
0.004). Moreover, osteoprotegerin

levels in chronic periodontitis were

16-fold lower than in generalized

aggressive periodontitis (p ¼ 0.002).

As the relative RANKL/osteopro-

tegerin expression ratio is considered

indicative of bone resorption, we

investigated if changes in RANKL and

osteoprotegerin expression reflected

changes in this ratio. In comparison

with healthy tissues, this ratio was

significantly higher in all periodontitis

groups (p < 0.05), but not in gingivitis

(Fig. 3A). There was no significant

difference between generalized aggres-

sive periodontitis and chronic

periodontitis.

To investigate if administration of

immunosuppressive medication has

any effect on RANKL and osteopro-

tegerin expression, their expression

levels were compared in gingival tissues

of chronic periodontitis and chronic

periodontitis patients receiving immuno-

suppressant therapy. Osteoprotegerin

expression was significantly higher in

chronic periodontitis patients receiving

immunosuppressant therapy than in

patients with chronic periodontitis

(p ¼ 0.005) by 56-fold. However, there

was no difference in RANKL expres-

sion, and the relative RANKL/osteo-

protegerin ratio was not significantly

different between these groups

(p > 0.05).

To test whether there was an

association of RANKL and osteo-

protegerin expression levels with clin-

ical parameters, further analysis

Table 1. Clinical parameters of the sampling areas in the study groups (mean ± SD)

Healthy Gingivitis G-AgP CP IS-CP

PD (mm) 2 ± 0.26 2.75 ± 0.46b 7.45 ± 1.10a 6.36 ± 1.18a 5.8 ± 0.94a

CAL (mm) 0 0 8 ± 1.39a 8 ± 1.5a 6.3 ± 1.39a

Plaque (% of sites) 0 100b 100b 100b 100b

BOP (% of sites) 0 100b 100b 100b 100b

HI – – – – 3

aSignificant difference from gingivitis and healthy groups.
bSignificant difference from the healthy group (Kruskal–Wallis test, p < 0.008, Mann–

Whitney U-test, p < 0.05).

CAL, clinical attachment loss; CP, chronic periodontitis; G-AgP, generalized aggressive

periodontitis; HI, hyperplasia index; IS-CP, chronic periodontitis patients receiving immuno-

suppressant therapy; PD, probing pocket depth.
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Fig. 1. (A) Receptor activator of nuclear

factor-jB ligand (RANKL) gene expression

in the gingival tissues of healthy subjects

(n ¼ 9) and of subjects with gingivitis (n ¼
8), chronic periodontitis (n ¼ 11), general-

ized aggressive periodontitis (n ¼ 12), and

chronic periodontitis patients receiving

immunosuppressant therapy (n ¼ 10). The

bars represent average values expressed as

RANKL mRNA levels calibrated to

housekeeping gene mRNA levels (RANKL/

18S RNA). The error bars represent the

standard error of the mean. *p < 0.05.

(B) Distribution of RANKL mRNA expres-

sion among subjects. The graph is plotted on

a logarithmic scale. CP, chronic perio-

dontitis; G-AgP, generalized aggressive

periodontitis; IS-CP, chronic periodontitis

patients receiving immunosuppressant

therapy.
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Fig. 2. (A) Osteoprotegerin gene expression

in the gingival tissues of healthy subjects

(n ¼ 9) and of subjects with gingivitis (n ¼
8), chronic periodontitis (n ¼ 11), general-

ized aggressive periodontitis (n ¼ 12) and

chronic periodontitis patients receiving

immunosuppressant therapy (n ¼ 10). The

bars represent average values expressed as

osteoprotegerin mRNA levels calibrated to

housekeeping gene mRNA levels (OPG/

18SRNA). The error bars represent the

standard error of the mean. *p < 0.05.

(B) Distribution of receptor activator of

nuclear factor-jB ligand (RANKL) mRNA

expression among subjects. The graph is

plotted on a logarithmic scale. CP, chronic

periodontitis; G-AgP, generalized aggres-

sive periodontitis; IS-CP, chronic

periodontitis patients receiving immuno-

suppressant therapy.
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was performed. Spearman’s rank

correlation analysis (Table 2) indica-

ted that the expression of RANKL

was positively correlated with clinical

attachment loss, probing depth,

bleeding on probing, and the presence

of plaque (R ¼ 0.464, 0.508, 0.407,

respectively, p < 0.01). Moreover, the

relative RANKL/osteoprotegerin ratio

was significantly correlated with

clinical attachment loss, probing

depth, and bleeding on probing (R ¼
0.499, 0.474, 0.407, respectively,

p < 0.01). However, the expression of

osteoprotegerin did not correlate

with any of these clinical parameters

(Table 2).

Discussion

The regulation of bone resorption is

orchestrated by RANKL and its cog-

nate inhibitor, osteoprotegerin. Dis-

ruption of their balanced expression

leads to bone loss, as demonstrated in

experimental models of bone destruc-

tive diseases, including periodontitis

(4,20). The present study investigated

the levels of RANKL and osteopro-

tegerin mRNA expression in gingival

tissue samples from healthy subjects

and patients with periodontal diseases,

by using quantitative real-time PCR.

RANKL was expressed in more than

50% of periodontitis tissues, but only

in 25% of gingivitis tissues. RANKL

levels were significantly induced in all

three forms of periodontitis studied,

but not in gingivitis, and the most

prominent increase was observed in

generalized aggressive periodontitis.

On the contrary, osteoprotegerin was

expressed by all tissues, and its levels

markedly decreased in chronic perio-

dontitis, but not in the other forms of

periodontal disease. The present find-

ings corroborate previous reports

demonstrating higher frequency and

expression levels of RANKL

(10,11,13,21), and lower expression

levels of osteoprotegerin (11,13), in the

gingival tissues of patients with perio-

dontitis compared with healthy

patients. Enhanced RANKL and

decreased osteoprotegerin protein lev-

els have also been demonstrated in the

gingival crevicular fluid of chronic

periodontitis patients (12). However,

when generalized aggressive perio-

dontitis and chronic periodontitis were

compared, the present findings con-

trast a previous report showing no

differences in RANKL levels between

the two forms of the disease, and

higher osteoprotegerin levels in chronic

periodontitis than in generalized

aggressive periodontitis (10). This dis-

crepancy may arise from different

protocols employed for the collection

of the gingival tissues, or potential

differences in the disease progression

stage at the sampling time-point.

The differences in RANKL and

osteoprotegerin expression reflected

changes in their relative ratio, which,

compared with health was significantly

increased in all periodontitis groups.

However, in the gingivitis group this

ratio was low and not statistically sig-

nificant from the healthy group.

Moreover, this ratio was similar in

generalized aggressive periodontitis

and chronic periodontitis patients.

Taken together, these findings imply

that an increased RANKL/osteopro-

tegerin ratio is indicative of perio-

dontitis occurrence, in agreement with

previous reports (12,13). In addition,

gingival tissue RANKL and osteopro-

tegerin expression appear to be differ-

entially regulated, depending on the

form of periodontitis. One possible

explanation is that the prolonged and

slow progression rate of chronic perio-

dontitis may allow ample periods of

infection establishment, to which perio-

dontal tissues may adapt by down-

regulating osteoprotegerin. On the

other hand, the high incidence and

expression levels of RANKL in the

studied tissue samples may reflect the

frequent and severe destruction bursts

observed in generalized aggressive

periodontitis. Alternatively, because

differences in oral microbial com-

positions are correlated with different

innate responses (22), it should not be

excluded that the differential regula-

tion of RANKL and osteoprotegerin

expression in chronic periodontitis and
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Fig. 3. (A) Relative Receptor activator of

nuclear factor-jB ligand (RANKL)/osteo-

protegerin gene expression ratio in the gin-

gival tissues of healthy subjects (n ¼ 9) and

of subjects with gingivitis (n ¼ 8), chronic

periodontitis (n ¼ 11), generalized aggres-

sive periodontitis (n ¼ 12), and chronic

periodontitis patients receiving immuno-

suppressant therapy (n ¼ 11). The bars

represent average values of the relative

RANKL/osteoprotegerin mRNA levels,

calibrated to a housekeeping gene (18S

RNA). The error bars represent the stand-

ard error of the mean. *p < 0.05. (B) Dis-

tribution of RANKL mRNA expression

among subjects. The graph is plotted on a

logarithmic scale. CP, chronic periodontitis;

G-AgP, generalized aggressive perio-

dontitis; IS-CP, chronic periodontitis

patients receiving immunosuppressant

therapy.

Table 2. Correlations between receptor activator of nuclear factor-jB ligand (RANKL),

osteoprotegerin (OPG), and RANKL/OPG and clinical parameters

Clinical parameters RANKL OPG RANKL/OPG

PD 0.508a 0.11 0.474a

CAL 0.464a 0.167 0.499a

BOP (%) 0.407a 0.004 0.407a

Plaque (%) 0.387a 0.004 0.387a

Spearman’s rank correlation analysis was used.
aSignificant at p < 0.01.

BOP, bleeding on probing; CAL, clinical attachment loss; PD, probing pocket depth.
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generalized aggressive periodontitis

may account for their bacterial specif-

icities. To this extent, Actinobacillus

actiomycetemcomitans, which is highly

associated with localized aggressive

periodontitis, is shown to be a strong

inducer of RANKL in T cells (3,4) and

periodontal fibroblasts (23).

In the present study, RANKL and

osteoprotegerin were also expressed in

chronic periodontitis patients receiv-

ing immunosuppressive medication.

Immunosuppression has been implica-

ted in the progression of periodontal

disease (14–17,24). Gingival specimens

were taken from renal transplant

recipients, under immunosuppressive

medication regimen comprising

cyclosporine A, prednisone and

azathioprine, all of which have been

shown to impair immune responses

(25), such as inhibition of osteoclast

formation (26–29) and bone resorption

(16,18), as well as regulation of

RANKL and osteoprotegerin expres-

sion (30–34). The present study

demonstrated a significant enhance-

ment of osteoprotegerin expression in

chronic periodontitis patients receiving

this combined immunosuppressant

regime, compared with otherwise

healthy patients with chronic perio-

dontitis. Although it is difficult to

evaluate the contribution of each drug

individually in the overall effect, this

regulation could be a putative mech-

anism involved in the inhibition of

alveolar bone destruction in chronic

periodontitis patients receiving immu-

nosuppressant therapy. As T cells are a

major source of RANKL in rheuma-

toid and adjuvant arthritis, as well as

in periodontitis (4,7,35), and because

chronic periodontitis patients receiving

immunosuppressant therapy have

impaired T-cell functions, it is possible

that RANKL expression in the gingi-

val tissues of chronic periodontitis

patients receiving immunosuppressant

therapy may derive from resident con-

nective tissue and bone cells. This may

not be surprising, as localization of

RANKL in gingival tissues with perio-

dontitis has also been identified in the

resident periodontal tissue cells, apart

from leukocyte infiltrates (11,13).

In the present study, the expression

levels of RANKL, as well as the rel-

ative RANKL/osteoprotegerin ratio,

were significantly correlated with

probing depth, clinical attachment

loss, and bleeding on probing. On the

contrary, osteoprotegerin expression

levels were not correlated with these

clinical parameters. Although previous

studies failed to correlate RANKL

expression levels with these clinical

parameters, there is evidence that

RANKL, but not osteoprotegerin,

expression correlates with the severity

of chronic periodontitis (13).

In conclusion, the present study

strengthens the involvement of

RANKL and osteoprotegerin in perio-

dontal diseases and demonstrates that

the respective genes may be differen-

tially regulated in the various forms of

the disease. This information may

provide adjunct diagnostic markers for

periodontitis, but further studies are

required to confirm this potential. It

may also indicate the necessity for

individual treatment approaches,

based on controlling the osteolytic

cytokines preferentially regulated in

the different forms of the disease.

Acknowledgements

We would like to thank Dr. Charles

Mein (Genome Centre, Bart’s and the

London, Queen Mary’s School of

Medicine and Dentistry) for his tech-

nical assistance and advice on the

quantitative real-time PCR analysis.

References

1. Teitelbaum SL. Bone resorption by

osteoclasts. Science 2000;289:1504–

1508.

2. Theoleyre S, Wittrant Y, Tat SK, Fortun

Y, Redini F, Heymann D. The molecular

triad OPG/RANK/RANKL: involvement

in the orchestration of pathophysiological

bone remodeling. Cytokine Growth Factor

Rev 2004;15:457–475.

3. Valverde P, Kawai T, Taubman MA.

Selective blockade of voltage-gated

potassium channels reduces inflammatory

bone resorption in experimental perio-

dontal disease. J Bone Miner Res 2004;

19:155–164.

4. 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:R59–R67.

5. Horwood NJ, Kartsogiannis V, Quinn

JM, Romas E, Martin TJ, Gillespie MT.

Activated T lymphocytes support osteo-

clast formation in vitro. Biochem Biophys

Res Commun 1999;265:144–150.

6. Taubman MA, Valverde P, Han X, Kawai

T. Immune response: the key to bone

resorption in periodontal disease. J Perio-

dontol 2005;76:2033–2041.

7. Kong YY, Feige U, Sarosi I et al. Acti-

vated T cells regulate bone loss and joint

destruction in adjuvant arthritis through

osteoprotegerin ligand. Nature 1999;402:

304–309.

8. Sakurai A, Okahashi N, Nakagawa I et al.

Streptococcus pyogenes infection induces

septic arthritis with increased production

of the receptor activator of the NF-kap-

paB ligand. Infect Immun 2003;71:6019–

6026.

9. Firestein GS. Evolving concepts of rheu-

matoid arthritis. Nature 2003;423:356–

361.

10. Garlet GP, Martins W Jr, Fonseca BA,

Ferreira BR, Silva JS. Matrix metallo-

proteinases, their physiological inhibitors

and osteoclast factors are differentially

regulated by the cytokine profile in human

periodontal disease. J Clin Periodontol

2004;31:671–679.

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

Receptor activator NF kappaB ligand

(RANKL) and osteoprotegerin (OPG)

protein expression in periodontitis.

J Periodont Res 2003;38:380–387.

12. Mogi M, Otogoto J, Ota N, Togari A.

Differential expression of RANKL and

osteoprotegerin in gingival crevicular fluid

of patients with periodontitis. J Dent Res

2004;83:166–169.

13. 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.

14. Saether K, Tollefsen T, Helgeland K,

Schenck K. The gingival plasma cell

infiltrate in renal transplant patients on an

immunosuppressive regimen. Acta Odon-

tol Scand 1998;56:281–287.

15. Fischer RG, Edwardsson S, Klinge B,

Attstrom R. The effect of cyclosporin-A

on the oral microflora at gingival sulcus of

the ferret. J Clin Periodontol 1996;23:853–

860.

16. Nassar CA, Nassar PO, Abi Rached RS,

Holzhausen M, Marcantonio E Jr, Spo-

lidorio LC. Effect of cyclosporin A on

alveolar bone homeostasis in a rat perio-

dontitis model. J Periodont Res 2004;

39:143–148.

17. Tollefsen T, Johansen JR. The periodontal

status of prospective and renal transplant

patients. Comparison with systemically

healthy subjects. J Periodont Res 1985;

20:220–226.

292 Bostancı et al.



18. Spolidorio LC, Spolidorio DM, Holz-

hausen M. Effects of long-term cyclo-

sporin therapy on the periodontium of

rats. J Periodont Res 2004;39:257–262.

19. Armitage GC. Development of a classifi-

cation system for periodontal diseases and

conditions. Ann Periodontol 1999;4:1–6.

20. Taubman MA, Kawai T. Involvement of

T-lymphocytes in periodontal disease and

in direct and indirect induction of bone

resorption. Crit Rev Oral Biol Med

2001;12:125–135.

21. Nagasawa T, Kobayashi H, Kiji M et al.

LPS-stimulated human gingival fibro-

blasts inhibit the differentiation of mono-

cytes into osteoclasts through the

production of osteoprotegerin. Clin Exp

Immunol 2002;130:338–344.

22. Darveau RP, Tanner A, Page RC. The

microbial challenge in periodontitis.

Periodontol 2000 1997;14:12–32.

23. Belibasakis GN, Johansson A, Wang Y,

Chen C, Kalfas S, Lerner UH. The cyto-

lethal distending toxin induces receptor

activator of NF-kappaB ligand expression

in human gingival fibroblasts and perio-

dontal ligament cells. Infect Immun

2005;73:342–351.

24. Seymour RA, Smith DG, Rogers SR. The

comparative effects of azathioprine and

cyclosporin on some gingival health

parameters of renal transplant patients.

A longitudinal study. J Clin Periodontol

1987;14:610–613.

25. Hayes JM. The immunobiology and clin-

ical use of current immunosuppressive

therapy for renal transplantation. J Urol

1993;149:437–448.

26. Orcel P, Denne MA, de Vernejoul MC.

Cyclosporin-A in vitro decreases bone

resorption, osteoclast formation, and the

fusion of cells of the monocyte-macro-

phage lineage. Endocrinology 1991;128:

1638–1646.

27. Awumey EM, Moonga BS, Sodam BR

et al. Molecular and functional evidence

for calcineurin-A alpha and beta isoforms

in the osteoclast: novel insights into

cyclosporin A action on bone resorption.

Biochem Biophys Res Commun 1999;254:

248–252.

28. Fuller K, Kirstein B, Chambers TJ.

Murine osteoclast formation and function:

differential regulation by humoral agents.

Endocrinology 2006;147:1979–1985.

29. Ishida N, Hayashi K, Hoshijima M et al.

Large scale gene expression analysis of

osteoclastogenesis in vitro and elucidation

of NFAT2 as a key regulator. J Biol Chem

2002;277:41147–41156.

30. Tamler R, Epstein S. Nonsteroid immune

modulators and bone disease. Ann NY

Acad Sci 2006;1068:284–296.

31. Malyszko J, Malyszko JS, Wolczynski S,

Mysliwiec M. Osteoprotegerin and its

correlations with new markers of bone

formation and bone resorption in kidney

transplant recipients. Transplant Proc

2003;35:2227–2229.

32. Miyazaki M, Fujikawa Y, Takita C,

Tsumura H. Tacrolimus and cyclosporine

A inhibit human osteoclast formation via

targeting the calcineurin-dependent

NFAT pathway and an activation path-

way for c-Jun or MITF in rheumatoid

arthritis. Clin Rheumatol 2006 (in press).

33. Hofbauer LC, Shui C, Riggs BL et al.

Effects of immunosuppressants on recep-

tor activator of NF-kappaB ligand and

osteoprotegerin production by human

osteoblastic and coronary artery smooth

muscle cells. Biochem Biophys Res Com-

mun 2001;280:334–339.

34. Humphrey EL, Williams JH, Davie MW,

Marshall MJ. Effects of dissociated

glucocorticoids on OPG and RANKL in

osteoblastic cells. Bone 2006;38:652–661.

35. Kotake S, Udagawa N, Hakoda M et al.

Activated human T cells directly induce

osteoclastogenesis from human mono-

cytes: possible role of T cells in bone

destruction in rheumatoid arthritis

patients. Arthritis Rheum 2001;44:1003–

1012.

RANKL and osteoprotegerin mRNA expression in periodontal diseases 293




