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IMMUNOPATHOGENETIC MECHANISMS OF PERIODONTAL DISEASE

AND POSTMENOPAUSAL OSTEOPOROSIS

Milica Petrovi¢, SneZana Ceki&, Zorica Ajdukovic?, Marija Medarov?*,
Milo$ Kosti¢* and Nadica Pordevié

Osteoporosis and periodontitis are widespread diseases among male and female
population, whose incidence increases with aging. The basic pathogenic mechanism of
osteoporosis and periodontal disease is a bone resorption with increased production of
proinflammatory cytokines: interleukin IL-1B, IL-6, TNF-a and RANKL. The discovery of
receptor activator of NF-kB (RANK), its ligand (RANKL) and osteoprotegerin (OPG) has
contributed to the understanding of bone biology and mechanisms of osteoclastogenesis.
RANKL-RANK interaction is critical for differentiation and maintenance of osteoclast
activity. The balance between RANKL and OPG regulates osteoclastogenesis, and thus
bone resorption. The disruption of the RANKL/RANK/OPG axis leads to an imbalance
between bone formation and bone resorption; therefore, it is responsible for the
disturbed bone homeostasis. Loss of bone density associated with decreased estrogen
levels is the result of a significant increase in osteoclast activity. Menopausal bone loss
may be the result of osteoclast overactivation by proinflammatory cytokines and it is
associated with reduced estrogen levels. The lack of estrogen can lead to worsening of
periodontal disease and it increases the rate of the gingival connective tissue damage by
stimulating the synthesis of several cytokines responsible for bone resorption. Cytokines
and RANKL/OPG signaling pathway involved in the pathogenesis of osteoporosis and
periodontal disease can lead to the activation of osteoclasts and the stimulation of bone
resorption. These findings in the future may improve the usual treatment of periodontal
disease and osteoporosis therapy, including the inhibition of proinflammatory mediators
and osteoclast activity with the additional use of anti-inflammatory drugs. This involves
blocking the binding of different stimulating factors to their receptors on osteoclast
precursors, particularly RANKL and development of nhew more selective drugs with fewer
side effects that would act as an anti-cytokines preventing the binding of cytokines to
their receptors. Acta Medica Medianae 2012;51(4):51-57.
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Introduction

Osteoporosis and periodontitis are widespread
diseases among male and female population,
whose incidence increases with aging (1).

Osteoporosis is characterized by the
reduction of bone mass and a micro-architectural
damage of the bone tissue. The bones of the
skeleton and jaw become frail, brittle and fragile
due to the pronounced loss of bone mass (2).
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Numerous laboratory studies indicate that
osteoporosis is likely to be caused by complex
interactions among systemic and local regulators
of bone cells functions. The heterogeneity of
osteoporosis may be due not only to differences
in the production of systemic and local regu-
lators, but also to changes in receptors, signal
transduction mechanisms, nuclear transcription
factors, and enzymes that produce or inactivate
local regulators. Within the last decade, the
identification of many of the regulatory mecha-
nisms that have been linked to osteoporosis has
been the result of genetic studies (3).

Risk factors for osteoporosis can be divided
into non-modifiable (gender, age, early menopause,
physical constitution, race and inheritance) and
modifiable risk factors (reduced calcium intake,
physical activity, smoking, alcohol) (4).

An interesting finding is that risk factors for
osteoporosis include many risk factors associated
with advanced periodontal disease (4).

Having in mind that periodontal disease is
defined as inflammation of the tooth-supporting
apparatus followed by resorption of alveolar bone
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and loss of the soft tissue attachment to the
tooth (3,5,6) and that both periodontal disease
and osteoporosis are bone resorptive diseases, it
has been hypothesized that osteoporosis could be
a risk factor for progression of periodontal
disease (4).

Immunoregulation mechanisms in oste-
oporosis and periodontal disease

Numerous studies suggest that increased
production of proinflammatory cytokines, such as
interleukin IL-1B, IL-6, TNF-a and RANKL, are
important factors in the pathogenesis and
progression of periodontal disease and osteo-
porosis (7-11).

Since a large part of the immune system is
located inside the bone (bone marrow), it is
understandable that there is an interaction
between immune and bone cells. In order to
understand their mutual interaction, it is
necessary to know the biology of the bone. The
discovery of receptor activator of NF-kB (RANK),
its ligand (RANKL) and osteoprotegerin (OPG)
has contributed to the understanding of bone
biology and mechanisms of osteoclastogenesis
(Figure 1).
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Figure 1. RANK/RANKL interaction
(Available at: www.sciencemag.org/site/ feature/data
/pharmacia/2002/takayanagi.xhtml on 27 March 2012)

Osteoclasts are the cells responsible for
bone resorption. These are large multinucleated
cells originating from a multipotent hematopoietic
stem cells, so they are closer to the immune than
the connective tissue cells (12). First, the
interaction between these cells and T cells has
been documented. One of the important factors
of osteoclast differentiation is RANKL, which is
produced by activated T cells. RANKL binds to
RANK on osteoclast precursor and leads to the
formation of osteoclasts.
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Namely, RANKL is transmembrane protein
that belongs to the tumor necrosis factor (TNF)
superfamily, which is expressed by a large set of
different cell types, including osteoblasts and
activated T cells. RANKL constitutes an essential
prerequisite for osteoclast differentiation, thereby
triggering enhanced local bone resorption (13-
15). RANKL is essential for the final differen-
tiation steps of osteoclasts, as well as for their
bone resorbing capacity (16). Consequently,
RANKL deficient mice display severe osteo-
petrosis, which is characterized by an increased
density and thickness of bones due to the lack of
osteoclasts. Moreover, osteoblasts of RANKL-/-
mice cannot support osteoclastogenesis (15).

RANKL-RANK interaction is critical for
differentiation and maintenance of osteoclast
activity and thus could represent the final
common pathway of pathogenicity factors acting,
in both osteoporosis and periodontal disease,
leading to increased bone resorption. Besides, it
is now well known that bone loss evident in
osteoporosis and periodontal disease is accompa-
nied by the inflammatory events (17,18). Possible
missing link between inflammation and bone
resorption in both these diseases could actually
be the modulation of RANKL expression. It was
shown that cultured periodontal ligament
fibroblasts after lipopolysaccharide (LPS) treatment,
that mimics proinflammatory environment,
enhances RANKL mRNA expression, what could
promote bone resorption (19). Up-regulation of
RANKL expression by LPS was also observed in
primary osteoblasts cocultured with bone marrow
cells (20). Furthermore, certain pro-inflammatory
cytokines, such as interleukin IL-1, IL-6, IL-17
and especially TNF-a, can also induce and
enhance RANKL expression (21-24).

OPG is a decoy receptor of RANKL,
produced by osteoblasts and dendritic cells. It
highly specifically binds to RANKL and by
competitive inhibition, prevents its binding to
RANK and thus inhibits osteoclast differentiation
and activation. The balance between RANKL and
OPG regulates osteoclastogenesis, and thus bone
resorption. The disruption of the RANKL/RANK/OPG
axis leads to an imbalance between bone
formation and bone resorption, and it is respon-
sible for the disturbed bone homeostasis (15).

Studies in transgenic mice have shown that
over-expression of OPG leads to serious
osteopetrosis, while OPG-knockout mice had a
phenotype of severe osteoporosis with a high
incidence of fractures (25). However, it is difficult
to demonstrate the role of OPG deficiency in the
pathogenesis of osteoporosis, since the levels of
OPG are changing, even increasing with age.
Increased OPG production may be considered as
a homeostatic response in order to limit the bone
loss that occurs with an increase in other bone-
resorbing factors (26,27). In contrast to previous
data, in vitro studies demonstrated that OPG
mRNA in osteoblasts was suppressed by the
prolonged LPS treatment; it is even postulated
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that suppression of OPG production in osteoblasts
is more important than the induction of RANKL
expression for stimulation of osteoclastogenesis
and bone loss (20).

Stimulation of proinflammatory cytokines
by decreased estrogen levels

About 80% of osteoporotic patients are
women in menopause because estrogen level
decreases as a result of the ovarian function loss
(11). Loss of bone density associated with
decreased estrogen level is the result of a
significant increase in osteoclast activity. However,
so far, it has not been shown that estrogen has a
direct effect on osteoclast activity (28), so it is
understandable that it acts indirectly to decrease
osteoclast activity.

There is evidence obtained from experimental
studies that suggests that bone loss associated with
menopause may be the consequence of over-
activation of osteoclasts by proinflammatory
cytokines (11). Pacific et al. (29) reported that in
premenopausal women, ovariectomy had been
associated with a significant increase in pro-
inflammatory cytokines, IL-1 and TNF-a, with a
simultaneously increase in bone resorption.
Increased production of IL-1 and TNF-a by poly-
morphonuclear leukocytes (PMNL) was associated
with decreased estrogen levels and a concomitant
increase in bone resorption.

The role of proinflammatory cytokines as
mediators of bone loss due to declining estrogen
levels has also been investigated using many
animal models (11). Ovariectomy in rats is
accompanied by increased secretion of pro-
inflammatory cytokines and a tenfold increase in
osteoclast formation leading to reduced bone
density. Administration of antibodies to IL-6 or
implantation of estrogen pellets abolished this effect
(30). These data suggest that lack of estrogen is
associated with an increased production of pro-
inflammatory cytokines, which increases the osteo-
clast activity resulting in a profound bone loss (11).

Estrogen deficiency can lead to worsening of
periodontal disease (31). Lack of estrogen increases
the rate of gingival connective tissue damage by
stimulating the synthesis of several cytokines
responsible for bone resorption. In these terms,
increase of IL-6 concentration occurs in the bone
marrow (32-34), serum (26,35), and gums (31,32),
which together leads to the activation of osteoclasts
and, consequently, to bone resorption.

A cross-sectional study of pre- and post-
menopausal women suggests a significant corre-
lation between alveolar and metacarpal bone
mineral density (BMD) and increased IL-6 concen-
trations in saliva of postmenopausal women (36).
This would indicate that osteoporosis or lower
systemic BMD should be considered a risk factor for
periodontal disease progression (4). A recent study
has shown that skeletal BMD is related to
interproximal alveolar bone loss (ABL) and clinical
attachment loss (CAL), though not to a statistically

significant level, implicating the postmenopausal
osteopenia as a risk indicator for periodontal
disease (37).

Therapeutic implications

RANK/RANKL/OPG system also represents an
attractive, new therapeutic approach in the
treatment of osteoporosis and periodontal disease.

RANKL expression is significantly higher in
post-menopausal compared to pre-menopausal
women, and post-menopausal women treated with
estrogen (38). Estrogen supplementation is
associated with reduced gingival inflammation and
reduced frequency of attachment loss in osteo-
porotic women in early menopause is docu-
mented clinically (36). Postmenopausal hormone
replacement therapy negative (HRT-) women had
a greater chance of having periodontitis than
premenopausal women. In contrast, postmeno-
pausal HRT+ women and premenopausal women
had similar periodontal status. HRT may have a
beneficial effect on periodontal health (39).
However, there are contrasting views on effects of
hormone therapy on periodontal status in post-
menopausal women. Pizzo et al. have shown that
long-term hormonal therapy was not associated
with relevant effects on periodontal status and
clinical measures of periodontal disease (40).
Since an increase in RANKL is detected in
peripheral blood cells of patients with osteoporosis
undergoing menopause (38), returning RANKL to
its premenopausal level using hormone substitution
therapy may represent a promising therapeutic
option worth investigating (11).

The phytoestrogens, which are known to bind
to the estrogen receptor sites of the cell and trigger
the components and processes of estrogenic
activity, have a promising role in the treatment of
osteoporosis. Such pharmacological effects of
‘green medicines’ would be useful for prophylaxis or
treatment of inflammatory bone disease (41).

Cytokines and RANKL/OPG signaling pathway
involvement in the pathogenesis of osteoporosis
and periodontal disease in the future may improve
the usual treatment of periodontal disease and
osteoporosis therapy in a way different than the
hormone substitution, including the inhibition of
proinflammatory mediators and osteoclast activity
with the additional use of anti-inflammatory drugs
(42,43). This involves blocking the binding of
different stimulating factors to their receptors on
osteoclast precursors, particularly RANKL and
development of new more selective drugs with
fewer side effects that would act as an anti-
cytokines preventing the binding of cytokines to
their receptors (14).

As a therapeutic drug for preventing bone
loss, OPG has recently been evaluated in preclinical
studies relating to estrogen deficiency, skeletal
tumors, and specific cancers, and it has been
shown that it has significant effects on the inhibition
of bone loss (44). Inhibition of RANKL function with
OPG treatment significantly reduced the number of
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osteoclasts and alveolar bone loss (45,46). It
seems that both alveolar bone height as well as
loss of BMD induced by experimental periodontitis
can be rescued by OPG. In contrast to long-lasting
bisphosphonate therapy, which is proved beneficial
in patients with osteoporosis, OPG treatment does
not increase the risk for the development of
osteonecrosis of the jaw, which could be OPG

advantage compared to bisphosphonates in
periodontal disease treatement (44).
Promising results in osteoporosis and

periodontal disease treatment are also accom-
plished by denosumab, a fully human monoclonal
antibody that binds to and inhibits RANKL and
thus inhibits bone resorption by inhibiting osteoclast
formation, function and survival. Compared with
OPG, denosumab binds RANKL more specifically (it
is less likely to affect the immune and other
regulatory systems), it does not have the potential
for autoimmunization against a vital regulatory
protein, and it has a longer half-life, which permits
less frequent dosing. Each of these attributes
makes denosumab a more attractive therapeutic
agent than forms of OPG (47). In preclinical
studies, anti-RANKL antibody treatment inhibited A.
actinomycetemcomitans-specific T cell induced
periodontal bone resorption in mice by blockade
and reduction of tissue RANKL, suggesting an
immunological approach to ameliorate immune cell-
mediated periodontal bone resorption (48). It has
also been reported that inhibiting RANKL with an
anti-RANKL antibody in estrogen-deficient older
monkeys prevented the loss of cancellous bone
and preserved indices of bone strength (49). In
human trails, denosumab proved to be highly
efficient in osteoporosis treatment; in postmeno-
pausal women with low BMD, treatment with
denosumab for 2 years was associated with
sustained increases in BMD and reductions in
bone resorption markers compared with placebo
(50). Futhermore, denosumab was generally
well-tolerated in clinical trials and in the large
phase III FREEDOM study reduced the risk of
vertebral, nonvertebral and hip fractures compared
with placebo over three years (51). Clinical use of
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denosumab in periodontal disease still awaits an
approval by large clinical trials.

Considering a plenty of evidence that links
inflammation to osteoporosis and periodontal
disease, the possibility of anti-cytokine therapy
usage in these pathological conditions seems real.
The bone resorption activity in ovariectomised rats
is reduced with anticytokine therapy such as IL-1
receptor antagonists and TNF-binding protein
implicating this therapy in postmenopausal
osteoporosis (52). In periodontal research, the
effects of soluble receptors and receptor anta-
gonists of IL-1 and TNF- a have been studied
during experimentally induced periodontitis in a
non-human primate models (53,54). The clinical
and biochemical findings of these experiments
established that IL-1 and TNF- a antagonists
blocked the progression of the alveolar bone
inflammatory cell infiltrate, the osteoclastogenesis
and periodontal attachment and bone loss.
Accordingly, anti-cytokine therapy can act as a host
response modulator in the control of inflammatory
diseases of the tooth-supporting apparatus and
may provide the basis for new molecular
therapeutic approaches to the treatment of
periodontitis.

Conclusion

Recognition of RANK/RANKL, IL-1pB, IL-6, IL-
17 and TNF-a important role in the pathogenesis of
chronic inflammatory diseases may have practical
significance in order to develop the most effective
therapeutic procedures for periodontal disease and
osteoporosis.

Understanding the association between
periodontal disease and osteoporosis as well as
their pathogenic mechanisms can improve the
prevention, diagnosis and treatment of these very
common diseases of bone tissue.

Acknowledgements

The research presented in this paper was
supported by the Ministry of Education and Science of the
Republic of Serbia, under Project No. 41018.



Acta Medica Medianae 2012, Vol.51(4)

Immunopathogenetic mechanisms of periodontal disease and...

10.

11.

12.

13.

14.

15.

16.

References

Pej¢i¢ A, Kojovi¢ D, Grigorov I, Stamenkovi¢ B.
Periodontitis and osteoporosis. Facta Universitatis
2005; 12(2):100-3.

Ajdukovi¢ Z, Mihailovi¢ D, Najman S, Savi¢ V,
Aleksov Lj, Stankovi¢ S, Kruni¢ N, Risti¢ K. Primena
biomaterijala kod eksperimentalno indukovane
osteoporoze alveolarne kosti. Serbian Dental J,
2003; 50:13-17.

Raisz LG. Pathogenesis of osteoporosis: concepts,
conflicts, and prospects. ] Clin Invest 2005;
115:3318-25. [CrossRef][PubMed][PubMedCentr]
Geurs NC, Lewis CE, Jeffcoat MK. Osteoporosis and
periodontal disease progression. Periodontology
2000 2003; 32:105-10. [CrossRef] [PubMed]

Lai Yu-Lin. Osteoporosis and Periodontal Disease. J
Chin Med Assoc 2004; 67:387-8.

Petrovi¢ MS, Kesi¢ LjG, Zivkovi¢é ND, Obradovié¢ 1V,
Obradovi¢ RR. Human viruses and periodontal
disease. Acta Stomat. Naissi 2011; 27(64):110-18.
Li Y, Messina C, Bendaoud M, Fine DH, Schreiner H,
Tsiagbe VK. Adaptive immune response in
osteoclastic bone resorption induced by orally
administered Aggregatibacter actinomycetemcomitans
in a rat model of periodontal disease. Mol Oral
Microbiol 2010; 25:275-92. [CrossRef] [PubMed]
Gurirkan A, Emingil G, Nizam N, Dorflanavsxargil B,
Sezak M, Kultullkcxulller N, at al. Therapeutic
Efficacy of Vasoactive Intestinal Peptide in Escherichia
coli Lipopolysaccharide-Induced Experimental
Periodontitis in Rats. J Periodontol 2009; 80:1655-
64. [CrossRef] [PubMed]

Koichiro I, Daisuke E, Tatsuo Y, Manabu M, Ken Y,
Hisataka I, at al. A single application of hydrogen
sulphide induces a transient osteoclast differentiation
with RANKL expression in the rat model. Arch Oral
Biol 2009; 54:723-9. [CrossRef] [PubMed]

Shouzhi M, Jianbin G, Xiaoging Y, Wen X, Fuhua Y.
Expressions of Interleukin-1 and Interleukin-6
Within Aortas and Uteri of Rats with Various
Severities of Ligature-Induced Periodontitis. Inflammation
2011; 34(4):260-8. [CrossRef] [PubMed]

Mundy GR. Osteoporosis and Inflammation. Nutrition
Reviews 2007; 65(12): S147-S51. [CrossRef] [PubMed]
Bar-Shavit Z. The osteoclast: A multinucleated,
hematopoietic-origin, bone-resorbing osteoimmune
cell. 3 Cell Biochemistry 2007; 102:1130-39.
[CrossRef] [PubMed]

Gravallese EM, Manning C, Tsay A, Naito A, Pan C,
Amento E, et al. Synovial tissue in rheumatoid
arthritis is a source of osteoclast differentiation
factor. Arthritis Rheum 2000; 43:250-8. [CrossRef
Shigeyama Y, Pap T, Kunzler P, Simmen BR, Gay
RE, Gay S. Expression of osteoclast differentiation
factor in rheumatoid arthritis. Arthritis Rheum 2000;
43:2523-30. [CrossRef

Herman S, Krénke G, Schett G. Molecular
mechanisms of inflammatory bone damage:
emerging targets for therapy. Trends in Molecular
Medicine 2008; 14(6):245-53. [CrossRef] [PubMed]
Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan
CR, Burgess T, et al. Osteoprotegerin ligand is a
cytokine that regulates osteoclast differentiation and
activation. Cell 1998; 93:165-76. [CrossRef

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lacativa PG, Farias ML. Osteoporosis and inflammation.
Arg Bras Endocrinol Metabol 2010; 54(2):123-32.
[CrossRef] [PubMed]

Cochran DL. Inflammation and bone loss in perio
dontal disease. J Periodontal. 2008; 79 (8 Suppl):1569-
76. [CrossRef] [PubMed]

Tiranathanagul S, Yongchaitrakul T, Pattamapun K,
Pavasant P. Actinobacillus actinomycetemcomitans
lipopolysaccharide activates matrix metalloproteinase-2
and increases receptor activator of nuclear factor-
kappaB ligand expression in human periodontal
ligament cells. J Periodontol 2004; 75:1647-54.
[CrossRef] [PubMed]

Suda K, Udagawa N, Sato N, Takami M, Itoh K, Woo
JT, at al. Suppression of osteoprotegerin expression
by prostaglandin E2 is crucially involved in
lipopolysaccharide-induced osteoclast formation. J
Immunol 2004; 172(4):2504-10. [PubMed

Kotake S, Udagawa N, Takahashi N, Matsuzaki K,
Itoh K, Ishiyama S, et al. IL-17 in synovial fluids
from patients with rheumatoid arthritis is a potent
stimulator of osteoclastogenesis. J. Clin Invest
1999; 103:1345-52. [CrossRef] [PubMed]

Lam J, Takeshita S, Barker JE, Kanagawa O, Ross
FP, Teitelbaum SL. TNF-alpha induces osteoclasto
genesis by direct stimulation of macrophages
exposed to permissive levels of RANK ligand. J Clin
Invest 2000; 106:1481-8. [CrossRef] [PubMed]
PubMedCentr

Wei S, Kitaura H, Zhou P, Ross FP, Teitelbaum SL.
IL-1 mediates TNF-induced osteoclastogenesis. ]
Clin Invest 2005; 115:282-90. [PubMed] [PubMedCentr]
Wong PK, Quinn JM, Sims NA, van Nieuwenhuijze A,
Campbell IK, Wicks IP. Interleukin-6 modulates
production of T lymphocyte-derived cytokines in
antigen-induced arthritis and drives inflammation-
induced osteoclastogenesis. Arthritis Rheum 2006;
54:158-68. [CrossRef] [PubMed]

Bucay N, Sarosi I, Dunstan CR, Morony S, Tarpley J,
Capparelli C. Osteoprotegerin-deficient mice develop
early onset osteoporosis and arterial calcification.
Genes Dev 1998: 12:1260-8. [CrossRef] [PubMed]
PubMedCentr

Khosla S, Riggs LB, Atkinson EJ, Oberg AL, Mavilia
C, del Monte F, et al. Relationship of estrogen
receptor genotypes to bone mineral density and to
rates of bone loss in men. J Clin Endocrinol Metab
2004; 89:1808-16. [CrossRef] [PubMed]

Khosla S, Arrighi HM, Melton LJ, Atkinson EJ,
O’Fallon WM, Dunstan C et al. Correlates of osteo
protegerin levels in women and men. Osteoporos
Int 2002; 13:394-9. [CrossRef] [PubMed]

Caputo CB, Meadows D, Raisz LG. Failure of
estrogens and androgens to inhibit bone resorption
in tissue culture. Endocrinology. 19769; 8:1065-8.
Pacifici R, Brown C, Puscheck E, FriedrichE,
Slatopolsky E, Maggio D et al. Effect of surgical
menopause and estrogen replacement on cytokine
release from human blood mononuclear cells. Proc
Natl Acad Sci USA. 1991; 88:5134-38. [CrossRef
[PubMed] [PubMedCentr]

Jilka RL, Hangoc G, Girasole G, Passeri G, Williams
DC, Abrams JS, et al. Increased osteoclast develop

55


http://dx.doi.org/10.1172/JCI27071
http://www.ncbi.nlm.nih.gov/pubmed?term=16322775
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1297264/?tool=pmcentrez
http://dx.doi.org/10.1046/j.0906-6713.2003.03208.x
http://www.ncbi.nlm.nih.gov/pubmed?term=12756036
http://dx.doi.org/10.1111/j.2041-1014.2010.00576.x
http://www.ncbi.nlm.nih.gov/pubmed?term=20618701
http://dx.doi.org/10.1902/jop.2009.090031
http://www.ncbi.nlm.nih.gov/pubmed?term=19792856
http://dx.doi.org/10.1016/j.archoralbio.2009.05.006
http://www.ncbi.nlm.nih.gov/pubmed?term=19524214
http://dx.doi.org/10.1007/s10753-010-9232-1
http://www.ncbi.nlm.nih.gov/pubmed?term=20658183
http://dx.doi.org/10.1301/nr.2007.dec.S147-S151
http://www.ncbi.nlm.nih.gov/pubmed?term=%2018240539
http://dx.doi.org/10.1002/jcb.21553
http://www.ncbi.nlm.nih.gov/pubmed?term=17955494
http://dx.doi.org/10.1097/IAE.0b013e3181ba246f
http://dx.doi.org/10.1002/1529-0131(200011)43:11%3c2523::AID-ANR20%3e3.0.CO;2-Z
http://dx.doi.org/10.1016/j.molmed.2008.04.001
http://www.ncbi.nlm.nih.gov/pubmed?term=18468489
http://dx.doi.org/10.1016/S0092-8674(00)81569-X
http://dx.doi.org/10.1097/IAE.0b013e3181ba246f
http://www.ncbi.nlm.nih.gov/pubmed?term=20485900
http://dx.doi.org/10.1902/jop.2008.080233
http://www.ncbi.nlm.nih.gov/pubmed?term=18673012
http://dx.doi.org/10.1902/jop.2004.75.12.1647
http://www.ncbi.nlm.nih.gov/pubmed?term=%2020689332
http://www.ncbi.nlm.nih.gov/pubmed?term=%2020689332
http://dx.doi.org/10.1172/JCI5703
http://www.ncbi.nlm.nih.gov/pubmed?term=%2020689332
http://dx.doi.org/10.1172/JCI11176
http://www.ncbi.nlm.nih.gov/pubmed?term=11120755
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC387259/?tool=pmcentrez
http://www.ncbi.nlm.nih.gov/pubmed?term=15668736
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC544608/?tool=pmcentrez
http://dx.doi.org/10.1002/art.21537
http://www.ncbi.nlm.nih.gov/pubmed?term=16385511
http://dx.doi.org/10.1101/gad.12.9.1260
http://www.ncbi.nlm.nih.gov/pubmed?term=9573043
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC316769/?tool=pmcentrez
http://dx.doi.org/10.1210/jc.2003-031448
http://www.ncbi.nlm.nih.gov/pubmed?term=15070949
http://dx.doi.org/10.1007/s001980200045
http://www.ncbi.nlm.nih.gov/pubmed?term=12086350
http://dx.doi.org/10.1073/pnas.88.12.5134
http://www.ncbi.nlm.nih.gov/pubmed?term=2052592
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC51826/?tool=pmcentrez

Immunopathogenetic mechanisms of periodontal disease and...

Milica Petrovic et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

56

ment after estrogen loss: mediation by interleukin-
6. Science 1992; 257:88-91. [CrossRef] [PubMed]
Jonhson RB, Gilbert JA, Cooper RC, Parsell DE,
Sewart BA, Dai X, at al. Effect of estrogen deficiency
on skeletal and alveolar bone density in Sheep. ]
Periodontol. 2002; 73:383-91. [CrossRef] [PubMed]
Krejci CB, Bissada NF. Women’s health issues and
relashionship to periodontitis. J Am Dent Assoc.
2002; 133:323-7. [PubMed

Manolagas SC, Bellido T, Jilka RL. New insigths into
the cellular biochemical and molecular bassis of
postmenopausal and senile osteoporosis. Role of IL-
6 and gp 130. Int J Immunopharmacol. 1995;
17:109-16. [CrossRef

Richman MJ, Abarbanel AR. Effects of estradiol,
testosterone, diethylstilbesterol and several of their
derivatives upon the human mucous membrane. ]
Am Dent Assoc. 1943; 30:913-23.

Girasole G, lJilka RL, Paseri G, Boswell S, Boder
G, Williams DC, et al. 17b-estradiol inhibits
interleukin-6 by bone marrow-derived stromal cells
and osteoblasts in vitro: A potential mechanism for
the antiosteoporotic effect of estrogens. J Clin
Invest. 1992; 89:883-91. [CrossRef] [PubMed]
Reinhardt RA, Payne 1B, Maze CA, Patil KD,
Gallaghaer SJ, Mattson JS. Influence of estrogen
and osteopenia/osteoporosis on clinical periodontitis
in postmenopausal women. ] Periodontol. 1999;
70:823-8. [CrossRef] [PubMed]

Sultan N, Rao J. Association between periodontal
disease and bone mineral density in postmeno
pausal women: a cross sectional study. Med Oral
Patol Oral Cir Bucal 2011: 16(3):e440-7. [CrossRef
PubMed

Eghbali-Fatourechi G, Khosla S, Sanyal A, Boyle W],

Lacey DL, Riggs BL. Role of RANK ligand in
mediating increased bone resorption in early
postmenopausal women. J Clin Invest. 2003;

111:1221-30. [PubMed] [PubMedCentr]

Haas AN, R(Ising CK, Oppermann RV, Albandar IM,
Susin C. Association among menopause, hormone
replacement therapy, and periodontal attachment
loss in southern Brazilian women. ] Periodontal.
2009; 80(9):1380-7. [CrossRef] [PubMed]

Pizzo G, Guiglia R, Licata ME, Pizzo I, Davis IM,
Guiliana G. Effect of hormone replacement therapy
(HRT) on periodontal status of postmenopausal
women. Med Sci Monit. 2011; 17(4):PH23-7. [CrossRef
PubMed

Annie S, Saleemulla K, Yogesh HK, Bharatkumar
DP, Falguni PG. Medicinal plants for the
management of post menopausal osteoporosis: A
Review. Open Bone J, 2010; 2:1-13. [CrossRef
Marcelo HN, Bruno BB, Flavia OL, Polyanna MA,
Alline CC, Diego RPS, at al. Cannabidiol decreases
bone resorption by inhibiting RANK/RANKL
expression and pro-inflammatory cytokines during
experimental periodontitis in rats. Internat Immuno

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

pharm. 2009; 9:216-22. [CrossRef] [PubMed]

Teng YT. Protective and destructive immunity in the
periodontium: part 1—innate and humoral immunity
and the periodontium. J Dent Res 2006; 85: 198-
208. [CrossRef] [PubMed]

Jin Q, Cirelli JA, Park CH, Sugai JV, Taba M Ir,
Kostenuik PJ, at al. RANKL Inhibition Through
Osteoprotegerin Blocks Bone Loss in Experimental
Periodontitis. J Periodontol. 2007 July ; 78(7):1300-
8. [CrossRef] [PubMed] [PubMedCentr]

Teng YT, Nguyen H, Gao X, Kong YY, Gorczynski
RM, Singh B et al. Functional human T-cell
immunity and osteoprotegerin ligand control
alveolar bone destruction in periodontal infection. J
Clin Invest 2000; 106:R59-R67. [CrossRef] [PubMed]
PubMedCentr

Mahamed DA, Marleau A, Alnaeeli M, Singh B,
Zhang X, Penninger JM et al. G(-—) anaerobes-
reactive CD4+ T-cells trigger RANKLmediated
enhanced alveolar bone loss in diabetic NOD mice.
Diabetes 2005; 54:1477-86. [CrossRef] [PubMed]
Michael McClung. Role of RANKL inhibition in
osteoporosis. Arthritis Res Ther 2007, 9 (Suppl 1):S3.
CrossRef

Lin X, Han X, Kawai T, Taubman MA. Antibody to
receptor activator of NF-kB ligand ameliorates T cell-
mediated periodontal boneresorption. Infect Immun
2011; 79(2):911-7. [CrossRef] [PubMed]

Atkinson ], Cranmer P, Saunders T, Niehaus M,
Smith SY, Varela A, at al. AMG 162, a fully human
RANKL antibody, increases bone mass and bone
strength in cynomolgus monkeys. ] Bone Miner
Res 2005; 20:S29.

Lewiecki EM, Miller PD, McClung MR, Cohen SB,
Bolognese MA, Liu Y, et al. Two-year treatment with
denosumab (AMG 162) in a randomized phase 2
study of postmenopausal women with low BMD.
J Bone Miner Res 2007; 22(12):1832-41. [CrossRef
PubMed

Moen MD, Keam SJ. Denosumab: a review of its use
in the treatment of postmenopausal osteoporosis.
Drugs Aging 2011; 28(1):63-82. [CrossRef] [PubMed]
Kitazawa R, Kimble RB, Vannice JL, Kung VT, Pacifici
R. Interleukin-1 receptor antagonist and tumor
necrosis factor binding protein decrease osteoclast
formation and bone resorption in ovariectomised
mice. J Clin Invest 1994; 94(6):2397-406.
[CrossRef] [PubMed] [PubMedCentr]

Assuma R, Oates T, Cochran D, Amar S, Graves DT.
IL-1 and TNF antagonists inhibit the inflammatory
response and bone loss in experimental perio
dontitis. J Immunol 1998; 160(1):403-9. [PubMed
Delima AJ, Oates T, Assuma R, Schwartz Z, Cochran
D, Amar SG. Soluble antagonists to interleukin-1
(IL-1) and tumor necrosis factor (TNF) inhibits loss
of tissue attachment in experimental periodontitis. J
Clin Periodontol. 2001; 28(3):233-40. [CrossRef
PubMed



http://dx.doi.org/10.1902/jop.2002.73.4.383
http://www.ncbi.nlm.nih.gov/pubmed?term=11990439
http://www.ncbi.nlm.nih.gov/pubmed?term=11934187
http://dx.doi.org/10.1016/0192-0561(94)00089-7
http://dx.doi.org/10.1172/JCI115668
http://www.ncbi.nlm.nih.gov/pubmed?term=1541679
http://dx.doi.org/10.1902/jop.1999.70.8.823
http://www.ncbi.nlm.nih.gov/pubmed?term=10476887
http://dx.doi.org/10.1097/IAE.0b013e3181ba246f
http://www.ncbi.nlm.nih.gov/pubmed?term=21196826
http://www.ncbi.nlm.nih.gov/pubmed?term=12697741
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC152939/?tool=pmcentrez
http://dx.doi.org/10.1902/jop.2009.090082
http://www.ncbi.nlm.nih.gov/pubmed?term=%2020689332
http://dx.doi.org/10.12659/MSM.881700
http://www.ncbi.nlm.nih.gov/pubmed?term=21455116
http://dx.doi.org/10.2174/1876525401002010001
http://dx.doi.org/10.1016/j.intimp.2008.11.010
http://www.ncbi.nlm.nih.gov/pubmed?term=19070683
http://dx.doi.org/10.1177/154405910608500301
http://www.ncbi.nlm.nih.gov/pubmed?term=16498065
http://dx.doi.org/10.1902/jop.2007.070073
http://www.ncbi.nlm.nih.gov/pubmed?term=17608585
http://dx.doi.org/10.1172/JCI10763
http://www.ncbi.nlm.nih.gov/pubmed?term=10995794
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3102542/?tool=pmcentrez
http://dx.doi.org/10.1097/IAE.0b013e3181ba246f
http://www.ncbi.nlm.nih.gov/pubmed?term=15855336
http://dx.doi.org/10.1186/ar2167
http://dx.doi.org/10.1128/IAI.00944-10
http://www.ncbi.nlm.nih.gov/pubmed?term=21078845
http://dx.doi.org/10.1359/jbmr.070809
http://www.ncbi.nlm.nih.gov/pubmed?term=17708711
http://dx.doi.org/10.2165/11203300-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed?term=21174488
http://dx.doi.org/10.1172/JCI117606
http://www.ncbi.nlm.nih.gov/pubmed?term=7989596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC330070/?tool=pmcentrez
http://www.ncbi.nlm.nih.gov/pubmed?term=%2020689332
http://dx.doi.org/10.1034/j.1600-051x.2001.028003233.x
http://www.ncbi.nlm.nih.gov/pubmed?term=%2020689332

Acta Medica Medianae 2012, Vol.51(4) Immunopathogenetic mechanisms of periodontal disease and...

IMUNOPATOGENETSKI MEHANIZMI PARODONTOPATIIJE 1
POSTMENOPAUZALNE OSTEOPOROZE

Milica Petrovié, Snezana Cekic¢, Zorica Ajdukovié¢, Marija Medarov,
Milos Kosti¢ i Nadica Dordevic

Osteoporoza i parodontopatija su Siroko rasprostranjene bolesti medu muskom,
kao i zenskom populacijom, Ciji se intenzitet povelava sa starenjem. Osnovni
patogenetski mehanizam u osteoporozi i parodontopatiji je resorpcija kosti uz
povecanu produkciju proinflamacijskih citokina: interleukina IL-1B, IL-6, TNF-a kao i
RANKL-a. Otkri¢e receptor aktivatora NF-kb (RANK), njegovog liganda (RANKL) i osteo-
protegerina (OPG) doprinelo je razumevanju biologije kosti kao i osteoklastogenetskih
mehanizama. RANKL-RANK interakcija je kriticna za diferencijaciju i odrZavanje
osteoklasne aktivnosti. RavnoteZza izmedu RANKL-a i OPG-a reguliSe osteo-
klastogenezu, a time i resorpciju kosti. Narusavanje RANKL/RANK/OPG ose dovodi do
neravnoteze izmedu formiranja i resorpcije kosti i odgovorno je za poremecdenu
koStanu homeostazu. Gubitak kosti u menopauzi moZe biti posledica aktivacije
osteoklasta proinflamacijskim citokinima i povezan je sa padom nivoa estrogena.
Nedostatak estrogena moze dovesti do pogorSanja parodontopatije i povecava stopu
ostecenja vezivnog tkiva gingive stimulacijom sinteze nekoliko citokina odgovornih za
kostanu resorpciju. Citokini i RANKL/OPG signalni put, ukljueni u patogenezu
osteoporoze i parodontalne bolesti, mogu dovesti do aktivacije osteoklasta i stimulacije
resorpcije kosti. Stoga, ova saznanja, u buducénosti mogu dopuniti uobi¢ajenu terapiju
parodontopatije i osteoporoze terapijom usmerenom ka inhibiciji proinflamacijskih
medijatora i osteoklastne aktivnosti, uz dodatno koris¢enje antiinflamacijskih lekova.
To podrazumeva blokiranje vezivanja razli¢itih stimuliSuéih faktora za receptore na
prekursorima osteoklasta, pre svega RANKL-a i razvoj novih lekova koji ¢e delovati kao
anticitokini, sprecavajuci vezivanje citokina za njihove receptore i na taj nacin, Sto
selektivnije i sa Ssto manje nuspojava, blokirati dejstvo odredenog citokina. Acta Medica
Medianae 2012;51(4):51-57.

Kljuéne reci: postemenopauzalna osteoporoza, parodontopatija, inflamacija,
citokini
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