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Abstract

In this issue Bostanci et al. (2007) demonstrate that receptor activator of NF-kB ligand
(RANKL) and osteoprotegerin (OPG) were oppositely regulated in gingival crevice
fluid (GCF) from periodontitis patients. RANKL, RANK and OPG are key molecules
that regulate osteoclast recruitment, differentiation and activation. New concepts of the
pathogenesis of periodontitis have implicated inflammation triggered by host immune
response to periodontal biofilm microorganisms(s) in disease. Host response to
bacteria involves activation of T and B cells in the inflammatory infiltrate which bear
abundant RANKL that promotes osteoclastic bone resorption. Periodontal tissue
destruction can be ameliorated by immunobiological interference with immune cell
RANKL expression or function. The new disease concepts provide a foundation to

build biological approaches to target RANKL production in periodontal lesions.
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In an article in this issue, Bostanci et al.
(2007) demonstrate that receptor activa-
tor of NF-xB ligand (RANKL) and
osteoprotegerin (OPG), two molecules
belonging to the tumour necrosis factor
(TNF) ligand/receptor families, were
oppositely regulated in gingival crevicu-
lar fluid (GCF) from periodontitis
patients. Thus, OPG (which antagonizes
RANKL-mediated bone resorption)
levels were higher in healthy subjects
than in those patients with periodontitis.
Importantly, RANKL/OPG ratios were
significantly elevated in the GCF of three
forms of periodontitis. This parameter,
i.e., RANKL/OPG ratio, in tissues seems
to be a major indicator of potential bone
resorption (Theill et al. 2002, Valverde
et al. 2004). Bostanci and colleagues
suggest that the relative RANKL/OPG
ratio in GCF is indicative of periodontitis
and, as such, may provide clinical diag-
nostic potential. There is now consider-
able evidence to support the findings that

periodontitis patients exhibit higher
RANKL expression in GCF (Mogi
et al. 2004, Vernal et al. 2004) or gingi-
val tissues (Nagasawa et al. 2002, Crotti
et al. 2003) than periodontally healthy
subjects. These combined findings signal
the emergence of a new concept of
periodontal disease pathogenesis.

RANKL and Its decoy receptor OPG

RANKL, its receptor RANK, and a
decoy receptor, OPG, are three key
molecules that regulate osteoclast
recruitment and function (Boyle et al.
2003). RANKL-binding to its receptor,
RANK, expressed on osteoclast precur-
sor cells elicits their differentiation
and activation. On the other hand,
OPG-binding to RANKL interrupts
RANKL-RANK ligation; consequently,
OPG inhibits the ability of RANKL to
induce osteoclastogenesis. RANKL is
not only been reported to be involved
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in physiological osteoclastogenesis, but
also in pathological bone loss (Boyle
et al. 2003). It was demonstrated that the
level of RANKL mRNA was highest
in inflammatory cells and epithelium
of advanced periodontitis patients com-
pared with those of moderate perio-
dontitis and healthy subjects and may
be associated with the activation of
osteoclastic bone destruction in perio-
dontitis (Liu et al. 2003).

Importantly, RANKL has two
forms: (1) membrane-bound RANKL
(mRANKL) and (2) soluble RANKL
(sRANKL) (Nakashima et al. 2000).
Accumulating lines of evidence imply
that sSRANKL is more functionally
potent in eliciting osteoclastogenesis
than mRANKL (Mizuno et al. 2002).
Returning to the finding by Bostanci
et al. the RANKL detected in the GCF
appears to be SRANKL. However, the
origin of SRANKL and OPG present in
GCF is still to be elucidated. To provide
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a clue to this question, studies of human
periodontal lesions have, thus far, indi-
cated abundant RANKL expression on
the T and B cells of patients with
chronic periodontitis (Kawai et al.
2006). It has also been found that these
cells could cause osteoclast differentia-
tion and bone resorption in vitro (Kawai
et al. 2006). Furthermore, both forms of
SRANKL and mRANKL appeared to be
expressed from T and B cells (Kawai
et al. 2006). Sakata et al. showed that
dental mesenchymal cells, such as gin-
gival fibroblasts, produce OPG in vitro
(Sakata et al. 1999). Therefore, it is
plausible that SRANKL and OPG found
in the GCF originate from lymphocytes
(T and B cells) and dental mesenchymal
cells, respectively.

Osteoimmunology Supports
Periodontitis Pathogenesis

Approximately 6-7 years ago, several
important discoveries were made indi-
cating a close relationship between the
immune and skeletal systems. RANKL
has been shown to be expressed not only
by osteoblasts and bone marrow stromal
cells, but also by T and B cells (Lacey
et al. 1998, Kong et al. 1999). In addi-
tion, osteoclasts and their precursors are
derived from haematopoetic stem cells
that also give rise to immune cells.
Based on the discovery of such a close
relationship between the immune and
skeletal systems, an interdisciplinary
field called ‘‘osteoimmunology’’ has
developed. It is within this field that
significant investigatory attention has
been given to the emerging evidence
that bone destruction can be caused by
an inflammatory activation of the
immune system in rheumatoid arthritis,
as well as in periodontitis (Teng et al.
2000, Theill et al. 2002, Takayanagi
2005, Han et al. 2007). As a result of
“‘osteoimmunology’’ studies, there are
new changes in the periodontitis patho-
genesis paradigm (Takayanagi 2005,
Han et al. 2007). The most compelling
evidence now indicates that perio-
dontitis is not a conventional infectious
disease, but is an inflammatory disease,
triggered by host immune response to a
constellation of periodontal biofilm-
associated microorganisms. Intervening
between the infection and the targets of
the disease (bone, connective tissue) is a
dense mononuclear inflammatory infil-
trate containing all cellular components,
including T and B lymphocytes, which
are necessary to control immunological

interactive networks (Stoufi et al. 1987).
Previous studies have shown that these
inflammatory cells can infiltrate gingi-
val tissues in an antigen-specific manner
(Kawai et al. 1998). Host response to
bacteria can involve activated T lym-
phocytes in periodontitis pathogenesis
and bone resorption. Antigen-specific
T-cell clone (Kawai et al. 2000), and
antigen-specific B lymphocyte (Han
et al. 2006) adoptive transfer experiments
firmly established a role for T and/or B
cells in the induction of periodontal bone
resorption in accordance with the pre-
sence of abundant osteoclasts on the
alveolar bone crest of the animals receiv-
ing antigen-specific lymphocytes. It is
also reported that the periodontal disease
pathogen, Porphyromonas gingivalis, can
cause osteoclastogenesis by induction of
RANKL from the activation of mouse
lymphocytes (Jiang et al. 2002). A key
finding in these animal models is the
dependence of RANKL production by
activated lymphocytes on the induction
of bone resorption and inhibition of such
bone loss by OPG.

Basis of New Diagnostic Procedures
and Therapeutic Methods for
Periodontal Bone Loss

The specific hypothesis is that perio-
dontal disease tissue destruction can be
ameliorated by inhibition of activity
and/or production of RANKL derived
from immune effector cells. However,
only a few contradictory studies cur-
rently report the RANKL-independent
osteoclastogenesis mechanism by other
cytokines, such as TNF-o (Kobayashi
et al. 2000). Thus, it remains to be
elucidated whether RANKL-mediated
osteoclastogenesis is responsible for all
periodontal bone loss events. Conse-
quently, in order to establish sound
methods for diagnosing those perio-
dontal diseases in which bone loss
develops in an RANKL-dependent man-
ner, a more sophisticated evaluation is
required to define the significance of the
measurement of RANKL/OPG ratio in
the GCF. The overall goal will be to
develop and evaluate strategies aimed at
the amelioration of tissue destruction of
periodontal disease by regulating
RANKL expression and/or the activity
of immune effector cells.

Potential Intervention Strategies

Current treatment for periodontitis often
relies on mechanical procedures and

neglects the immune cells. New treat-
ments for periodontal diseases must
address the major immune cell contribu-
tion to periodontal bone resorption.
Therefore, an important emphasis of
new therapies should involve the devel-
opment and evaluation of therapeutic
strategies to treat immune cell-mediated
periodontal disease. The focus of these
treatments will be on RANKL. It has
been demonstrated that OPG-Fc fusion
protein is a potent inhibitor of T- or B-
cell-mediated periodontal bone resorp-
tion. The strategy of physiological
blockade of RANKL-RANK interaction
and subsequent osteoclastogenesis with
OPG-Fc is very powerful. Much
remains to be determined before such
strategy is capable of modulating
the RANKL-RANK interaction and
become effectively used in the manage-
ment of bone resorptive diseases.

Therapeutic Implications in the
Manipulation of Inmune Responses

Both human and experimental animal
studies support the hypothesis that there
is considerable potential for amelioration
of periodontitis tissue destruction by
interference with the host immune sys-
tem. Of particular interest in this regard,
is Bostanci’s finding in the current manu-
script that immunosuppressed patients
demonstrated lower RANKL and OPG
levels than the untreated immunosup-
pressed group, indicating a tight linkage
between immune response and level of
RANKL expression in the gingival tis-
sues. Evaluation of strategies aimed at
interference with the detrimental effects
of T- and B-cell activation are likely to
affect periodontal bone resorption. Stu-
dies have suggested that excess RANKL
shifts the balance of bone metabolism in
the direction of catabolism and causes
periodontal bone resorption. Therefore,
RANKL inhibition offers the therapeutic
possibility to treat periodontal bone
resorption. This may include reduction
of soluble RANKL release or interfer-
ence with RANKL expression by T/B
cells. Interference with these processes
should contribute to abrogation of perio-
dontal bone resorption and prevention of
periodontal disease progression. It is now
clear that multiple novel therapies may
be implemented which more directly
address the new periodontal disease
pathogenesis concept (see Han et al.
2007 for an elaboration of therapeutic
strategies).
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To summarize, the findings by
Bostanci et al. significantly impact our
understanding of periodontal bone
destruction mediated by the regulation
of RANKL and OPG in connection with
immune responses. Moreover, the meth-
od they have established by which to
determine the RANKL/OPG ratio in the
GCF provides a sound foundation on
which to build novel diagnostic meth-
odologies and therapeutic approaches
targeting immune cell RANKL produc-
tion in periodontal lesions.

References

Bostanci, N., Ilgenli, T., Emingil, G., Afacan,
B., Han, B., Toz, H., Atilla, G., Hughes, F. J.
& Belibasakis, G. N. (2007) Gingival crevi-
cular fluid levels of RANKL& OPG in perio-
dontal diseases: implications of their relative
ratio. Journal of Clinical Periodontology 34,
370-376.

Boyle, W. J., Simonet, W. S. & Lacey, D. L.
(2003) Osteoclast differentiation and activa-
tion. Nature 423, 337-342.

Crotti, T., Smith, M. D., Hirsch, R., Soukoulis,
S., Weedon, H., Capone, M., Ahern, M. J. &
Haynes, D. (2003) Receptor activator NF
kappaB ligand (RANKL) and osteoprotegerin
(OPG) protein expression in periodontitis.
Journal of Periodontal Research 38, 380—
387.

Han, X., Kawai, T., Eastcott, J. W. & Taubman,
M. A. (2006) Bacterial-responsive B lympho-
cytes induce periodontal bone resorption.
Journal of Immunology 176, 625.

Han, X., Kawai, T. & Taubman, M. A. (2007)
Interference with immune cell mediated bone
resorption in periodontal disease. Perio-
dontology 2000 (in press).

Jiang, Y., Mehta, C. K., Hsu, T. Y. & Alsulai-
mani, F. F. (2002) Bacteria induce osteoclas-
togenesis via an osteoblast-independent
pathway. Infection and Immunity 70, 3143—
3148.

Kawai, T., Eisen-Lev, R., Seki, M., Eastcott, J.
W., Wilson, M. E. & Taubman, M. A. (2000)
Requirement of B7 costimulation for Thl-
mediated inflammatory bone resorption in
experimental periodontal disease. Journal of
Immunology 164, 2102-2109.

Kawai, T., Matsuyama, T., Hosokawa, Y.,
Makihira, S., Seki, M., Karimbux, N. Y.,
Goncalves, R. B., Valverde, P., Dibart, S.,
Li, Y.-P., Miranda, L. A., Ernst, C. W. O.,
Izumi, Y. & Taubman, M. A. (2006) B and
T Lymphocytes are the primary sources of
RANKL in the bone resorptive lesion of

periodontal disease. American Journal of
Pathology 169, 987-998.

Kawai, T., Shimauchi, H., Eastcott, J. W.,
Smith, D. J. & Taubman, J. A. (1998) Anti-
gen direction of specific T-cell clones into
gingival tissues. Journal of Immunology 93,
11-19.

Kobayashi, K., Takahashi, N., Jimi, E., Udaga-
wa, N., Takami, M., Kotake, S., Nakagawa,
N., Kinosaki, M., Yamaguchi, K., Shima, N.,
Yasuda, H., Morinaga, T., Higashio, K.,
Martin, T. J. & Suda, T. (2000) Tumor
necrosis factor alpha stimulates osteoclast
differentiation by a mechanism independent
of the ODF/RANKL-RANK interaction.
Journal of Experimental Medicine 191,
275-286.

Kong, Y. Y., Yoshida, H., Sarosi, I., Tan, H. L.,
Timms, E., Capparelli, C., Morony, S.,
Oliveira-dos-Santos, A. J., Van, G., Itie,
A., Khoo, W., Wakeham, A., Dunstan,
C. R, Lacey, D. L., Mak, T. W., Boyle, W.
J. & Penninger, J. M. (1999) OPGL is a key
regulator of osteoclastogenesis, lymphocyte
development and lymph-node organogenesis.
Nature 397, 315-323.

Lacey, D. L., Timms, E., Tan, H. L., Kelley, M.
J., Dunstan, C. R., Burgess, T., Elliott, R.,
Colombero, A., Elliott, G., Scully, S., Hsu,
H., Sullivan, J., Hawkins, N., Davy, E.,
Capparelli, C., Eli, A., Qian, Y. X., Kaufman,
S., Sarosi, I., Shalhoub, V., Senaldi, G., Guo,
J., Delaney, J. & Boyle, W. J. (1998) Osteo-
protegerin ligand is a cytokine that regulates
osteoclast differentiation and activation. Cell
93, 165-176.

Liu, D., Xu, J. K., Figliomeni, L., Huang, L.,
Pavios, N. J., Rogers, M., Tan, A., Price, P. &
Zheng, M. H. (2003) Expression of RANKL
and OPG mRNA in periodontal disease:
possible involvement in bone destruction.
International Journal of Molecular Medicine
11, 17-21.

Mizuno, A., Kanno, T., Hoshi, M., Shibata, O.,
Yano, K., Fujise, N., Kinosaki, M., Yamagu-
chi, K., Tsuda, E., Murakami, A., Yasuda, H.
& Higashio, K. (2002) Transgenic mice over-
expressing soluble osteoclast differentiation
factor (sODF) exhibit severe osteoporosis.
Journal of Bone and Mineral Metabolism
20, 337-344.

Mogi, K., Otogoto, J., Ota, N. & Togari, A.
(2004) Differential expression of RANKL
and osteoprotegerin in gingival crevicular
fluid of patients with periodontitis. Journal
of Dental Research 83, 166-169.

Nagasawa, T., Kobayashi, H., Kiji, M., Arama-
ki, M., Mahanonda, R., Kojima, T.,
Murakami, Y., Saito, M., Morotome, Y. &
Ishikawa, I. (2002) LPS-stimulated human
gingival fibroblasts inhibit the differentiation

© 2007 The Authors. Journal compilation © 2007 Blackwell Munksgaard

Guest Editorial 369

of monocytes into osteoclasts through
the production of osteoprotegerin. Clinical
Experimental — Immunology 130, 338-
344.

Nakashima, T., Kobayashi, Y., Yamasaki, S.,
Kawakami, A., Eguchi, K., Sasaki, H. &
Sakai, H. (2000) Protein expression and
functional difference of membrane-bound
and soluble receptor activator of NF-kappaB
ligand: modulation of the expression by
osteotropic factors and cytokines. Biochem-
istry and Biophysics Research Communica-
tion 275, 768-775.

Sakata, H., Ihara, H., Sato, S., Kato, T.,
Tkeda, H. & Sekiguchi, S. (1999) Efficiency
of donor screening for human parvovirus B19
by the receptor-mediated hemagglutination
assay method. Vox Sanguinis 77, 197-203.

Stoufi, E. D., Taubman, M. A., Ebersole, J. L.,
Smith, D. J. & Stashenko, P. P. (1987)
Phenotypic analyses of mononuclear cells
recovered from healthy and diseased human
periodontal tissues. Journal of Clinical
Immunology 7, 235-245.

Takayanagi, H. (2005) Inflammatory bone
destruction and osteoimmunology. Journal
of Periodontal Research 40, 287-293.

Teng, Y. T., Nguyen, H., Gao, X., Kong, Y. Y.,
Gorcezynski, R. M., Singh, B., Ellen, R. P. &
Penninger, J. M. (2000) Functional human T-
cell immunity and osteoprotegerin ligand
control alveolar bone destruction in perio-
dontal infection. The Journal of Clinical
Investigation 106, R59-R67.

Theill, L. E., Boyle, W. J. & Penninger, J. M.
(2002) RANKL-L and RANK: T cells, bone
loss, and mammalian evolution. Annual
Review of Immunology 20, 795-823.

Valverde, P., Kawai, T. & Taubman, M. A.
(2004) Selective blockade of voltage-gated
potassium channels reduces inflammatory
bony resorption in experimental periodontal
disease. Journal of Bone and Mineral
Research 19, 155-164.

Vernal, R., Chaparro, A., Graumann, R., Puente,
J., Valenzuela, M. A. & Gamonal, J. (2004)
Levels of cytokine receptor activator of
nuclear factor kappaB ligand in gingival
crevicular fluid in untreated chronic perio-
dontitis patients. Journal of Periodontology
75, 1586-1591.

Address:

Martin A. Taubman

Department of Immunology

The Forsyth Institute

Boston, MA

USA

E-mail: MTaubman@forsyth.org



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



