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Periodontal disease (PD), or periodontitis, is defined as a bacterially induced disease of the tooth-supporting (periodontal) tissues.
It is characterized by inflammation and bone loss; therefore understanding how they are linked would help to address the most
efficacious therapeutic approach. Bacterial infection is the primary etiology but is not sufficient to induce the disease initiation
or progression. Indeed, bacteria-derived factors stimulate a local inflammatory reaction and activation of the innate immune
system. The innate response involves the recognition of microbial components by host cells, and this event is mediated by tolllike receptors (TLRs) expressed by resident cells and leukocytes. Activation of these cells leads to the release of proinflammatory
cytokines and recruitment of phagocytes and lymphocytes. Activation of T and B cells initiates the adaptive immunity with Th1 Th2
Th17 Treg response and antibodies production respectively. In this inflammatory scenario, cytokines involved in bone regulation
and maintenance have considerable relevance because tissue destruction is believed to be the consequence of host inflammatory
response to the bacterial challenge. In the present review, we summarize host factors including cell populations, cytokines, and
mechanisms involved in the destruction of the supporting tissues of the tooth and discuss treatment perspectives based on this
knowledge.

1. Introduction
PD is a chronic infectious inflammatory disease that affects
periodontium and gradually destroys the tooth-supporting
alveolar bone. The periodontium is a supporting structure
that surrounds and supports the teeth. It consists of different
tissues including the gums, the cementum, the periodontal
ligament, and the alveolar supporting bone.
Periodontal diseases are caused by bacterially derived
factors and antigens that stimulate a local inflammatory
reaction and activation of the innate immune system [1, 2].
Among the bacterial species that colonize the oral cavity,
some of them are associated with periodontitis and are
defined as periodontopathogens. The innate host response is
initiated by toll-like receptors (TLRs), similar to the protein
encoded by the Drosophila Toll gene [3]. Toll-like receptors
are mainly expressed on cells of the innate immune system
[4] but have also been identified in periodontal tissues [5].
Pathogens can invade gingival epithelial cells by binding

𝛽-1 integrin and replicate, avoiding the host surveillance
[6]. Toll-like receptors present on gingival epithelial cells
can detect microbial structures highly conserved among
pathogens, including lipopolysaccharide (LPS), peptidoglycan, bacterial DNA, double-stranded RNA, and lipoprotein,
called pathogen-associated molecular patterns (PAMPs) [7].
Once TLRs present on the surface of resident cells recognize
PAMPs, they initiate the activation of several transcription
factors including nuclear factor-𝜅B (NF𝜅B) and activator protein 1 (AP-1) through the mitogen-activated protein kinase
(MAK) cascade [8, 9]. These in turn activate different innate
immunity pathways, including cytokines and chemokines
production that recruit nonresident leukocytes to periodontal space. In turn, activated leukocytes, the adaptive immunity
cells, secrete proinflammatory cytokines and chemokines in
the tissues [10]. It is now accepted that the amplification of
this initial local host response (lasting approximately 21 days)
results in the propagation of the inflammation and leads to
the destruction of soft and mineralized periodontal tissues
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[11]. The conventional treatment for periodontitis has focused
on mechanical removal of bacterial agents, thus reducing
infectious challenge and leading to resolution of inflammation and control of PD. However, the standard treatment may
not be a sufficient or definitive therapy to result in clinical
improvements while requiring a more sophisticated biological approach. Modulation of host response is considered a
novel promising therapy and consists in modulating the host
defense mechanisms in response to inflammation. To date,
the only host modulator drug approved by the United States
Food and Drug Administration is SDD (subantimicrobial
dose doxycycline). SSD inhibits host-derived matrix metalloproteinases (MMPs), responsible for soft and mineralized
tissues degradation, thus resulting in reduced progression
of periodontitis [12]. However, an expanding knowledge
indicates that several signalings are involved in periodontal
tissue destruction and thus, to achieve long-term outcomes,
such as prevention of tooth loss, may be necessary to block
many pathways. On the other hand, pharmacological host
immune modulation may result in adverse side effects, thus
requiring a careful monitoring of this approach. Therefore,
more detailed insights on cell populations, pathways, and
cytokines involved in periodontal pathogenesis would help
to address the most efficacious strategies for the care of
periodontitis.

2. Resident Cells and Innate Immunity
The resident cells involved in the innate host response are
many including epithelial cells, gingival and periodontal
ligament (PDL) fibroblasts, osteoblast, and dendritic cells
[9]. Epithelial cells produce interleukin-8 (IL-8), a neutrophil
chemoattractant, which recruits neutrophils migration [13]
and increases monocyte adhesion in the blood vessels.
Neutrophils that enter the periodontal environment are
primed and exhibit increased production of proinflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6),
and tumor necrosis factor-𝛼 (TNF-𝛼) [14]. These cytokines
mediate periodontal tissue destruction by stimulating bone
resorption. Monocytes, on the other hand, can differentiate
into osteoclasts (OCs) upon different triggers while producing inflammatory cytokines as well; expression of Wnt5a was
recently reported in response to lipopolysaccharide (LPS)
[15].
Dendritic cells (DCs) are encountered once the epithelial
barrier is invaded by microorganisms. These cells activate an
immune response, either acting as antigen-presenting cells
or producing IL-12 and IL-18 that consequently promote
interferon-𝛾 (IFN-𝛾) secretion by NK cells and later by
T cells [16]. Periodontal ligament fibroblasts (PDLFs) and
gingival fibroblasts (GF) are the main cells of periodontal
soft connective tissue and are accessed as the microorganisms
breach the epithelial barrier. They respond through the
release of cytokines and degradation molecules. GFs produce
TNF-𝛼, (IL)-6, (IL)-8, macrophage inflammatory protein
(MIP)-1 alpha, and stromal-derived factor (SDF)-1, which
are important regulators of inflammatory process and bone
metabolism [17–19]. Expression of matrix metalloproteinases
(MMPs), laminin-8/9, and laminin-2/4 becomes accentuated
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[20, 21] in PDLFs; however, these cells also contribute to
periodontal inflammation and bone loss via IL-1𝛽, IL-6,
TNF-𝛼, and receptor activator of nuclear factor-𝜅B ligand
(RANKL) production and release [19, 22, 23]. Microorganisms can go deeper in the periodontal tissue and reach
the surface of alveolar bone. Porphyromonas gingivalis has
been demonstrated to invade osteoblasts by interacting with
integrin 𝛼5𝛽1, inducing actin condensation, JNK pathway
activation, and osteoblasts apoptosis [24, 25]. Nonetheless,
microbial PAMPs promote the expression of the proosteoclastogenic cytokine RANKL in osteoblasts (OBs), thus
promoting osteoclastogenesis [26, 27]. All these events, which
represent the initial response to the infection, establish a local
inflammation proper of the innate immunity. The inflammatory cytokines produced by resident cells (epithelial cells,
GFs, PDLFs, OBs, and DCs) and phagocytes (neutrophils
and macrophages) are involved in osteoclastogenesis and are
responsible for the alveolar bone loss.

3. Leukocytes and Adaptive Immunity
After this initial response, the infection activates the adaptive
immunity process: dendritic cells other than participating to
the innate inflammatory response have the ability to capture
and present antigens to B and T cells of the acquired immune
system [28]. Activated CD4 T-helper cells produce subsets
of cytokines which will define phenotypically distinguished
immune responses: Th-1 and Th-2 cells, respectively, associate
with cellular and humoral immunity [29] and the recently
described Th-17 and T regulatory (Treg) cells, which have
antagonistic roles as effector and suppressive cells, respectively [10, 30, 31]. B cells are also activated and are transformed
into plasma cells, which produce antibodies against bacterial
antigens. As a result, tissues affected by periodontitis become
colonized with both lymphocytes subtypes, but with a larger
proportion of B cells than T cells [32]. Indeed, numerous
studies have demonstrated that development of periodontitis
involves a switch from a gingivitis lesion, mainly mediated
by T cells, to one involving large numbers of B cells and
plasma cells [33]. Control of this shift is also mediated by
a balance between the Th1 and Th2 subsets of T cells, with
chronic periodontitis being mediated by Th2 cells [33]. This
inflammatory scenario drives the destruction of connective
tissue and alveolar bone. Bone resorbing cells, the osteoclasts,
differentiate under the control of RANK/RANKL/OPG system, however a number of cytokines, mainly produced in
pathological conditions, have been recently demonstrated to
be involved in osteoclastogenesis modulation.

4. Cytokines Involved in Bone Loss
4.1. RANKL/OPG. RANKL is expressed by osteoblasts and
by a number of other cell types, including fibroblasts and T
and B lymphocytes. Under pathological conditions, such as
those occurring in periodontitis, a dysregulated production
of this cytokine occurs. Osteoblasts express TLR1, 2, 4, and
6 and respond to TLR2/6 and TLR2/1 ligands by increasing
NF𝜅B activation and RANKL expression levels [34]. Other
studies showed that P. endodontalis LPS has the ability

Clinical and Developmental Immunology
to promote the expression of RANKL in mouse osteoblasts,
and this induction was mainly through the TLR2/4-JNK
signaling pathway [27]. Fibroblast expression of RANK-L in
physiological conditions is low; however, its expression is
accentuated in response to cytolethal toxin from Aggregatibacter actinomycetemcomitans and to Porphyromonas gingivalis LPS [35, 36]. However, the most abundant source of
RANKL in periodontitis is the cells of the immune system. In
situ hybridization studies show that high levels of RANKLspecific mRNA transcripts are localized in inflammatory
cells, mainly lymphocytes [37]. RANKL-positive lymphocytes are found in the inflammatory connective tissue of
the diseased gingival tissue [38], but also circulating T
Cells express high levels of RANK-L and spontaneously
promote osteoclastogenesis in patients [39]. More precisely
the primary source of RANKL in periodontal disease is Th1
or Th17 cells as well as B-cells while Treg cells are shown to
attenuate RANKL expression by other activated T cells [40].
Recent studies demonstrate that B cells produce RANKL in
response to periodontal pathogen stimulation [41], and that
the majority of B cells in periodontal lesions are RANKL+
[42]. In animal models, mice deleted of B cells lack to develop
bone loss when infected with P. gingivalis, even though B
cells are dispensable. Indeed in absence of B cells, T cells still
mediate LSP-induced bone loss [43].
The action of RANKL can be blocked by its soluble decoy
receptor osteoprotegerin (OPG) which is downregulated in
periodontitis, thus resulting in an increased RANKL/OPG
ratio. In healthy conditions, OPG is produced by resident
periodontal fibroblasts and endothelial cells. Immunohistochemical studies demonstrate significantly lower OPG
staining in periodontitis-affected tissue compared to healthy
gingival tissue, and gene expression studies report lower
OPG expression levels in periodontitis compared to health
controls [44]. A study investigates the relative concentrations
of RANKL and OPG during the progression of experimental
periodontitis induced in mice. A rapid bone loss is observed
in the early part of the study, correlating with increased
RANKL expression relative to OPG (days 0 to 15). In the
last part of the study (days 30 to 60), when the rate of bone
loss slowed, RANKL concentration decreases, whereas OPG
concentration is high [2]. All the available studies collectively
indicate that RANKL increases, whereas OPG decreases in
periodontitis; however, no difference is reported in the ratio
between patients with mild, moderate, or severe periodontitis
[11].
4.2. TNF-𝛼. Other cytokines as TNF-𝛼 can synergize with
RANK-L in promoting osteoclastogenesis. Further studies
show that TNF-𝛼 activates c-Jun, NF-𝜅B, and calcium signaling leading to NFATc1 activation and thus osteoclast differentiation independent of RANKL in human macrophages
[45]. TNF-𝛼 plays a central role in inflammatory reaction,
alveolar bone resorption, and the loss of connective tissue
attachment [1, 46]. It is known to be associated in local
and systemic inflammation involving bone loss [46]. It is
present at high levels in diseased periodontal tissues, where
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it is positively correlated with RANKL expression [1, 46–48].
Experimental model of periodontitis in primates demonstrates that local injections of TNF-𝛼 antagonists reduce the
appearance of inflammatory cells in the alveolar bone and
the formation of bone resorbing osteoclasts. Other studies
show spontaneous osteoclast formation and increased bone
resorption from circulating PBMCs of periodontitis patients
correlating with high levels of TNF-𝛼 and RANK-L [39, 49].
As a result of the innate immunity response, TNF-𝛼 is
locally produced by neutrophils, which exhibit increased
chemotaxis production of proinflammatory cytokines [14].
Macrophages represent an important source of TNF-𝛼, that,
under dysregulation, contribute to host tissue destruction.
After antigenic stimulation, naive CD4+ T cells activate,
proliferate, and differentiate into distinct effector cell subsets
characterized by their specific cytokine. The Th1 lymphocytes
subset is characterized by the secretion of TNF-𝛼 [50]. In
summary, TNF-𝛼 contributes to periodontal damage by its
direct effect on osteoclastogenesis and by amplification of
inflammatory immune reactions. Furthermore, in vitro data
demonstrate an effect of TNF-𝛼 not only on osteoclasts, but
also on osteoblasts by inhibiting differentiation and bone
nodule formation [51].
4.3. IL-17. Interleukin-17 (IL-7) is an immune regulatory
protein produced by T cells at the inflammation sites. Dysregulation of IL-17 promotes osteoclastogenesis and is associated
with bone loss. High levels of IL-17 are found in crevicular
fluid of periodontal pockets from patients with periodontitis
[52]. Th17 cells characterized as IL-17-producing T-cell subset
have been recently identified in chronic PD lesions [53].
Interestingly, IL-17 receptor (IL-17 r) deficient mice display
a significant delay in neutrophil recruitment into infected
sites [54]. When these mice are exposed to organisms
as P. gingivalis, They develop increased periodontal bone
destruction [55], thus resulting in susceptibility to infection.
These data indicate that IL-17 is crucial in the protection
against extracellular pathogens and may play a dual role:
improving pathogen control and promoting alveolar resorption when released in excessive amounts. IL-17 exerts its
osteoclastogenic activity by enhancing RANKL expression
on osteoblasts and CD4+ T cells [56]. Furthermore, IL-17
contributes to local inflammation by recruiting and activating
immune cells, leading to an abundance of inflammatory
cytokines, such as IL-1𝛽 and TNF-𝛼, and RANKL [57].
4.4. TRAIL. The TNF-related apoptosis-inducing ligand
(TRAIL) was initially known for its apoptotic role in cancer
and normal cells [58, 59]; however, recent studies agree on
its apoptotic role in osteoblasts and differentiated osteoclasts
[60–62]. On the other hand, conflicting results emerge from
the literature concerning a role of TRAIL in osteoclastogenesis [63–65]. High levels of TRAIL are found in the serum of
PD patients carrying alveolar bone loss [66], and spontaneous
osteoclastogenesis is observed in PBMCs cultures from the
same patients [39]. Interestingly microorganisms infection
is reported to induce osteoblast expression of TRAIL [67].
Addition of TRAIL neutralizing antibodies to PD PBMCs
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Figure 1: The network of cytokines, released by resident and migrating cells (lymphocytes and phagocytes), involved in periodontal bone
resorption. Resident cells including epithelial cells (ECs), gingival fibroblast (GFs), periodontal ligament fibroblasts (PDLFs), osteoblast,
and dendritic cells mediate the Innate Immunity. They respond to the bacterial challenge (via TLRs) by producing proinflammatory
cytokines and chemokines. ECs produce IL-8, a neutrophil chemoattractant, which recruits neutrophils (neu) and increases monocyte (mono)
adhesion. Neu in turn produces IL-1, IL-6, and TNF-𝛼, while Mono can differentiate into osteoclasts (OCs). DCs produce IL-12 and IL-18
but also act as antigen-presenting cells for B and T Cells. GFs produce IL-8, TNF-𝛼, and IL-6. PDLFs produce IL-1𝛽, IL-6, TNF-𝛼, and
RANKL. Microorganisms can go deeper in the periodontal tissue and reach the surface of alveolar bone, promoting the expression of the
proosteoclastogenic cytokine RANKL by osteoblasts (OBs). These inflammatory cytokines are directly (as RANK-L and TNF-𝛼) or indirectly
involved in osteoclastogenesis and are responsible for the alveolar bone loss. After this initial response (lasting approximately 21 days),
activation of T and B cells by antigen-presenting cells initiates the adaptive immunity. As a result, tissues affected by periodontitis become
colonized with both lymphocyte subtypes, but with a larger proportion of B cells than T cells. The majority of B cells in periodontal lesions
are RANKL+. T cells produce the proosteoclastogenic cytokines RANKL and TNF-𝛼, and IL-17 which exerts its osteoclastogenic activity
by enhancing RANKL expression on osteoblasts. Furthermore a new role for TRAIL, produced in periodontitis, is emerging in promoting
osteoclastogenesis and favoring OBs apoptosis.

cultures partially rescues spontaneous osteoclastogenesis in
a dose-dependent manner. This effect is attributed by the
authors to a TRAIL/OPG interaction. In support of this,
the addition of RANKL completely rescues the inhibition of
osteoclast formation induced by TRAIL neutralizing antibodies [68]. Supporting data demonstrate that the excess of
TRAIL over OPG enhances RANKL binding to its receptor
RANK by titrating out the inhibitory molecule [69]. Alveolar
bone loss in PD could also be determined by a decreased bone
formation by osteoblasts. Osteoblasts obtained from alveolar
bone fragments of PD patients exhibit a weaker characteristic
phenotype compared to control cells and are more sensitive
to the apoptotic effect induced by TRAIL [66, 70, 71]. The
sensitiveness to TRAIL-induced apoptosis is determined by
the ratio between death and decoy receptors. High levels of
TRAIL and TRAIL decoy receptors are found in diseased
gingival and periodontal tissues, thus favouring apoptosis

inhibition in PD and explaining the prolonged survival of
inflammatory cells [72].

5. Conclusions
The development of periodontitis relies on multiple factors.
The disease is of polymicrobial pathogenesis since different
types of bacteria are the initiators of the inflammatory
process. Innate immunity is the first line of host defense
and resistance to infection. Host innate immunity operates
through TLRs, which recognize the conserved molecular
patterns on pathogenic bacteria. A network of secreted
cytokines leads to activation of lymphocytes, but the progression of periodontal lesions is caused by dysregulation of
molecules released by specific cell populations. Many of these
secreted factors are involved in bone regulation and maintenance, and their imbalance leads to altered periodontal
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bone remodeling. Thus, enhanced osteoclast activity without
increase in bone formation occurs and drives the alveolar
bone loss. Mechanical removal of infectious agents in the
gingival tissues together with SDD administration as host
response modulator is the only current treatment in the care
of periodontitis. These approaches attempt to manage the
inflammation and control the tissue damage. However, the
complexity of pathways involved in the host response drives
differences in the clinical manifestation and disease progression, possibly requiring different therapeutic approaches. An
important challenge is to understand the different roles of
inflammation mediators, their cellular source, their sites of
action, and possibly how to control them. In Figure 1, we
summarize the network of cytokines, released by resident
and migrating cells, involved in periodontal bone resorption.
Blocking the activity of proinflammatory cytokines may be
a promising therapeutic modality for periodontitis. Some
studies have investigated the effect of TNF-𝛼 and IL-1
antagonists on periodontitis reporting a significant reduction
of inflammation and bone resorption, although the studies
on TNF-𝛼 inhibitors produced conflicting results [72]. The
RANK/RANKL/OPG axis is a central pathway in the regulation of bone metabolism and is an attractive pharmacological
target for the treatment of pathological bone loss. The use
of RANKL inhibitors in periodontitis, although limited to
animal experimental models, demonstrates a protective effect
on alveolar bone resorption [73]. These results encourage to
focus on the emerging network of cytokines secreted in PD,
some of which are summarized in this review, and to consider
them as further therapeutic targets. Nevertheless, it should
be remembered that the pathways involved in periodontitis
establishment and progression are shared by inflammatory
diseases with bone complicance, such as rheumatoid arthritis,
multiple myeloma, and cancer. Thus, further insights in the
mechanisms linking inflammation to bone loss in periodontitis will also contribute to uncover the impact of immune cells
on bone development and maintenance in physiological and
pathological conditions.
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