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Abstract: Periodontal Diseases (PD) are characterized by pathological
manifestation of host immune response to bacterial infection at the
tooth/gingival interface. Evidences points periodontitis as a risk factor for
pathological systemic conditions, such as, cardiovascular diseases and
diabetes. The identification of host factors that determine their susceptibility
to immune subversion can provide useful information in the pathogenesis of
periodontitis. Protective acute inflammatory response fails to remove
inflammatory cells, especially neutrophils, evolving to chronic, destructive
and pathological lesions. T and B cells actively participate in pathogenesis
of the disease. CD4+ naive T cells are activated by antigenic stimulation and
differentiate into subpopulations of distinct effector cells, characterized by

its specific cytokine production profiles and functions. In periodontal
infection, activated Th17 and regulatory T lymphocytes (Tregs) play
antagonistic roles as effector and suppressor cells, respectively. In presence
of Tregs, there is a decrease in the levels of pro-inflammatory cytokines,
such as, Interferon gamma (IFN-y), Interleukin (IL) -17, Tumor Necrosis
Factor (TNF) and IL-1 B, at sites of disease. Absence of Tregs may cause a
variety of disorders, such as, periodontitis. The RANKL/RANK system and
Osteoprotegerin (OPG) are modulators of bone resorption in periodontitis.
The balance between periodontal bone resorption by osteoclasts and bone
formation by osteoblasts controls bone mass. RANKL induces osteoclast
differentiation and maturation and OPG inhibits RANK/RANKL interaction
and prevents bone resorption. RANKL mRNA and the RANKL/OPG
mRNA ratio were enhanced in chronic periodontitis. Furthermore, the role
of NF-kB, FoxP3 and T-bet transcription factors were explored. Therapies
for periodontitis involving cellular and molecular biology are not specific
and have many side effects. Current therapies to successfully control the PD
reduces clinical signs of inflammation at local sites of the disease; however,
new treatments for periodontitis should address the contribution of immune
cells in bone resorption, particularly in the natural course of the disease,
considering its periods of remission and progression.

Keywords: Transforming Growth Factor Beta, T Helper Cell, Periodontal
Diseases, RANKL/RANK

are mainly caused by Gram-negative bacteria, including
Porphyromonas  gingivalis, Prevotella intermedia,
Aggregatibacter actinomycetemcomitans and Tannerella
forsythia. Differences in individual response can be
explained by the combination of factors that confer upon

Introduction

Periodontal Diseases (PD) are characterized by
pathological manifestation of host immune response to
bacterial infection at the tooth/gingival interface. These
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them a complex nature. Among these factors,
susceptibility becomes prominent, with special
attribution  given to  genetic  polymorphisms,

environmental factors and pathogen virulence factors
(Ohlrich et al., 2009; Sanz and Winkelhoff, 2011).
Individuals affected by the disease share common
polymorphisms in specific genes that are important for
regulation of inflammatory response (D’Aiuto et al.,
2004d; Fitzsimmons et al., 2010). However,
determinants for susceptibility to periodontitis remain
still unclear (Linden et al., 2013).

Severe periodontitis affects up to 15% of most
populations (Papapanou, 1999). In Brazil, the most
recent National Survey of Oral Health reported a
prevalence of 19.4% and the most severe forms of
periodontal disease was more significant in adults
between 35-44 years of age (Leite et al., 2014).

Periodontitis comprises chronic forms of periodontal
disease, which are the result of a polymicrobial infection
and are characterized by loss of collagen fibers and
insertion in the cementum surface (mineralized tissue
that covers the root surface), apical migration of
junctional epithelium (epithelium continuous with the
oral epithelium, which promotes the insertion of the
gum to the tooth), periodontal pocket formation
(cementum surface devoid of periodontal fibers) and
alveolar bone reabsorption. Such damages impair
functions of periodontal tissues and may result in tooth
loss (Sanz and Winkelhoff, 2011).

There are more than 700 bacterial species in
periodontal pockets (Aas et al., 2005) and a combination
of aerobic and anaerobic microbiota is typically seen in
infection. Substantial tissue destruction in patients with
severe periodontitis is characterized, in many cases, by
deep periodontal pockets around many or all teeth. The
aggregate epithelial lesions are equal in size to an
ulcerated wound with an area of 8 to 20 cmz, in
accordance with clinical estimations (Slade et al., 2000).
Thus, the chronic and cyclical nature of periodontal
disease provides an opportunity for continuous
hematogenous dissemination of periodontal pathogens,
bacterial antigens and inflammatory mediators
(Offenbacher et al., 2005; Linden et al., 2013).

Since the beginning of the 1990s, evidence has
pointed to periodontitis as a risk factor for systemic
conditions, such as, Cardiovascular Disease (CVD),
adverse outcomes of pregnancy, diabetes, rheumatoid
arthritis and lung disease (Williams and Offenbacher,
2000; Hajishengallis, 2014).

In healthy gingiva, the sulcular epithelium and local
innate immunity act as a natural barrier that prevents
bacterial penetration. However, in PD, the epithelium
of ulcerated and inflamed gingiva is vulnerable to
bacteria and creates a gateway to subsequent tissues
(Linden et al., 2013). Bacteria and bacterial antigens that
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are systemically dispersed cause significant systemic
inflammation. Leukocytes, epithelial and endothelial
cells and hepatocytes respond to virulence factors with
secretion of proinflammatory immune mediators, as
cytokines, chemokines (e.g., Monocyte Chemoattractant
Protein-1 (MCP-1) and Macrophage Inflammatory
Protein-lalpha (MIP-lalpha)), C-Reactive Protein
(CRP), an acute phase protein (Gemmell et al., 2001;
Maekawa et al., 2011). With continued exposure, soluble
antigens react with specific circulating antibodies to
form immune complexes that amplify inflammation in
places where there are immune complex deposition.
Similarly, pro-inflammatory mediators, such as
Interleukin (IL)-1B, IL-6, Tumor Necrosis Factor alpha
(TNF-a), Prostaglandin E2 (PGE,;), among others,
locally produced in inflamed gingival tissues can spread
into the systemic circulation. The pro-inflammatory
cytokines in circulation induce leukocytosis and acute
phase proteins production (e.g., CRP, fibrinogen and
serum amyloid A) (Linden et al., 2013; Hajishengallis,
2014). In this context, the increase in the number of
White Blood Cells (WBC) is associated with the increased
risk of coronary heart disease, CVD, atherosclerosis,
thrombosis and myocardial ischemia. This increase may
be caused by the inflammatory nature of chronic
infections, such as, periodontitis (Loo et al., 2012).

It has been shown that the T CD4+ CD25+ regulatory
cells (Tregs) that express transcription factor FoxP3 may
prevent the overreactive adaptive immune response
associated with PD (de Brito Bezerra et al., 2012;
Kobayashi et al., 2011). Tregs may reduce Interferon
gamma (IFN-y), IL-17, TNF and IL-1B levels at
periodontal disease sites (Glowacki et al., 2013). IL-10,
Transforming Growth Factor beta (TGF-f) and
Cytotoxic T-Lymphocyte-Associated protein 4 (CTLA-
4) are produced by Tregs to control inflammation,
slowing progression to periodontal disease (Linden et al.,
2013). TGF-f has also been studied as a form of
treatment, because it may heal and regenerate
periodontal bone (Glowacki et al., 2013).

This review aimed to report the cellular and
molecular mechanisms involved in periodontal
inflammation and alveolar bone loss, as well as the
systemic effects in periodontitis.

Classification of Periodontal Diseases and

Microbial Associations

In current clinical practice, two types of periodontitis
are recognized: Chronic Periodontitis (CP) and
Aggressive Periodontitis (AgP), as classified by the
Current Classification of PD by the American Academy
of Periodontology (AAP, 1999). CP has higher
prevalence in adults, but can also occur in children and
adolescents. In CP, there is correlation between the
severity of bone destruction and the quantity of dental
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biofilm and calculus, in addition to the moderate growth
rate in the majority of cases. Considering the extension
of lesions, CP is classified as localized when less than
30% of dental sites (mesiobuccal, buccal, distobuccal,
mesiolingual, lingual and distolingual) are affected and
as generalized when it exceeds this limit. Whereas, AgP
is characterized by the rapid loss of clinical attachment
and alveolar bone. The following characteristics are
considered for diagnosis of AgP: No contribution of
systemic diseases and familial aggregation. According to
the AAP, the diagnosis is based on clinical data, X-rays
and clinical history. Localized Aggressive Periodontitis
(LAgP) is characterized by destruction of the periodontal
tissues in the first molar/incisor with interproximal
insertion loss in at least two permanent teeth, one of
which is the first molar and involving no more than two
teeth beyond the first molars and incisors. It is usually
detected and diagnosed during puberty in systemically
healthy individuals. It also has a strong serum antibody
response to infectious agents. Generalized Aggressive
Periodontitis (GAgP) usually affects individuals under
age 30, but can affect older individuals. GAgP is
characterized as generalized when the loss of
interproximal insertion affects at least three permanent
teeth, in addition to the first molars and incisors.
Moreover, GAgP progresses in alternating periods of
activity and quiescence. In some period of activity,
pronounced destruction of tooth insertion, alveolar bone
destruction and insufficient response of serum antibodies
to infectious agents has been observed (Armitage, 1999;
Armitage and Cullinan, 2010).

Furthermore, it was recently suggested that CP is a
polygenic disease, in which multiple genes contribute
cumulatively to the overall disease risk (or protection) by
influencing the host immune response and the
composition and structure of the microbiota (Divaris et al.,
2013). Nonetheless, monogenic forms of the disease are
different, such as aggressive periodontitis, in young
patients with leukocyte adhesion deficiency, in which a
single gene (/TGB2; which encodes integrin [2)
invariably precipitates periodontal disease
(Moutsopoulos et al., 2014).

A systematic review concluded that there is no
evidence to support differences in the composition of
subgingival microbiota between the clinical forms CP
and AgP (Mombelli et al., 2002). Although no specific
systemic marker was associated with the severity of
periodontal destruction, it has been suggested that AgP
may show a hyper-responsive systemic profile associated
with genetic susceptibility (Cairo et al., 2010). It was
also  suggested that  high  titers of A4
actinomycetemcomitans and P. gingivalis are suggestive
of generalized and severe PD (Papapanou et al., 2004;
Dye et al., 2005).
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Recently, different serotypes of P. gingivalis have
been associated with the induction of a distinct type of
immune response, which suggests the role played by
capsule during activation of dendritic cells
(Hernandez et al., 2011).

Inflammation is an important source of nutrients
(especially for asaccharolytic bacteria) and thus exerts a
powerful influence on the composition of periodontal
microbiota, favoring species that can use tissue
degradation products. Whereas, species that cannot
benefit from these environmental changes may have
disadvantage of fitness and thus are overcome. The
selective growth of bacteria, which act as pathogenic
bacteria, has the potential to trigger a self-feeding
vicious cycle for subsequent tissue destruction and
bacterial overgrowth (Hajishengallis, 2014).

Virulence factors such as cytotoxins, proteases and
hemagglutinins, structural molecules of the bacteria,
including Lipopolysaccharide (LPS) and Peptidoglycan
(PGN), lipoproteins, bacterial DNA and double-stranded
RNA interact with the host immune system. Most of
these molecules have conserved motifs known as
Pathogen-Associated Molecular Patterns (PAMPs),
which are recognized by host cell receptors called
Pattern Recognition Receptors (PRRs). The PRRs
detect PAMPs in the environment and activate
specific signaling pathways in host cells that initiate
inflammatory responses. Virulence factors of bacteria,
including PAMPs, are LPS, PGN, lipoteichoic acid
(LTA), fimbriae, proteases, Heat Shock Proteins
(HSPs), formyl-Methionyl-Leucyl-Phenylalanine
(fMLP) and toxins. PRRs include Toll-Like Receptors
(TLRs) and a variety of G-Protein Coupled Receptors
(GPCRs). However, it should be noted that the most
of these proposed interactions were only observed in
vitro or in animal models (Hans and Hans, 2011;
Linden et al., 2013).

The Microbial Challenge: Cellular and Molecular
Mechanisms in Periodontal Inflammation and Bone
Loss

During the last decade, increasing evidence supports
the idea that changes in subpopulations of immune cells
within the periodontal tissue may have an important
impact on the clinical phenotype and progression of
periodontal  destruction. While Polymorphonuclear
Leukocytes (PMNs) are the first line defense (innate
immunity) in protecting the host from periodontal
pathogens, the increase in the number of macrophages in
subepithelial connective tissue has been involved in
progression of PD. They are present in a greater number
of active periodontal lesions compared to inactive sites.
The phenotype of hypersecretory macrophages
(hyperinflamatories) was hypothesized to account for the
increased amount of IL-1B and TNF-a in periodontal
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sites of disease in progression when compared to
inactive and healthy sites. In addition, the increased
number of monocytes in periodontal tissues may
promote the differentiation to bone-resorbing cells
(osteoclasts) under bacterial stimulation, which could be
responsible for bone loss that is observed in progressive
periodontitis sites (Hernandez et al., 2011).

The involvement of neutrophils in the pathogenesis
of chronic diseases, such as periodontitis, may seem
surprising, since they are usually associated with acute
host responses to infection. However, neutrophils play
an increasingly recognized role in chronic inflammatory
diseases, such as, rheumatoid arthritis and psoriasis. In
addition, it is uncertain whether the chronicity of
periodontitis is a constant pathological process or a
persistent series of brief acute bursts separated by
periods of remission (Hajishengallis, 2014).

Alongside with the epithelial barrier, the action of
phagocytes and the complement system, Natural Killer
(NK) cells play an important role on the front line in the
defense against antigens (Gemmell and Seymour, 1998).

TLRs in gingival epithelial cells are continuously
stimulated, resulting in production of cytokines and
defensins, which help to maintain oral health. If the
epithelial barrier is broken, allowing the invasion of
bacteria into the underlying connective tissue, the TLRs
in other resident cells (neutrophils, macrophages and
dendritic cells) and non-residents cells of the
periodontium are activated. This leads to an excessive
release of pro-inflammatory cytokines and other
biological mediators, which can cause destruction of host
tissues (Hans and Hans, 2011; Gonzalez et al., 2014).

After interacting with PAMPs, TLRs activate
innate immune cells through intracellular signaling
pathways. This innate immune response mediated by
TLRs is also essential to activate adaptive immunity
(Hans and Hans, 2011).

TLRs enhance expression of co-stimulatory
molecules and production of cytokines and chemokines,
which are critical for proliferation and differentiation of
T cells (Hans and Hans, 2011). It is now known that
immune cells release qualitatively and quantitatively
different cytokines when stimulated by Gram positive
and Gram-negative bacteria, indicating the specificity of
these responses (Hans and Hans, 2011).

The genetic regulation which leads to the secretion of
proinflammatory cytokines from a variety of cells
depends on activation of NF-kB. The NF-«kB regulatory
pathways are activated by PAMPs, through TLR
pathway (Hanada ef al.,, 2011; Linden et al., 2013;
Guerrini and Takayanagi, 2014).

Recent research showed that in homeostatic balance
between parasite and host, activation of TLRs by
commensal bacteria is critical to maintain oral health.
Gingival epithelial cells express TLRs 2, 3,4, 5, 6 and 9
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and recognize many microorganisms by these receptors.
Therefore, signaling by TLRs limit the microbial
invasion and prevent commensal microorganisms from
breaching the epithelial barrier, thus maintaining
gingival health (Hans and Hans, 2011).

Macrophages, phagocytic cells of the myeloid
lineage, efficiently ingest particulate antigens and
express Major Histocompatibility Complex molecules
(MHC) class 1II that induce T cells activation. Dendritic
cells also express MHC class II molecules and have co-
stimulatory activity. Clearly, the innate and adaptive
immune systems are coordinately involved in
inflammatory response and destruction of tissues,
although there is no complete understanding of the
mechanism of many inflammatory diseases, including
periodontitis, obesity, diabetes, rheumatoid arthritis and
CVD (Linden et al., 2013).

It is known that when the acute periodontal lesion
remains unresolved, bacterial antigens are processed and
presented to the adaptive immune system by
macrophages and dendritic cells. T lymphocytes
recognize intracellular pathogens presented by antigen-
presenting cells. The T cell antigen receptor is a
membrane-bound molecule that recognizes peptide
fragments of pathogens exposed in MHC molecules in
antigen-presenting cells. B-lymphocyte has
immunoglobulin molecules (Ig) on its surface, which is
its antigen receptor. Antibodies are soluble forms of Igs
secreted following activation of B cells and bind to
pathogens and external material in extracellular space
(humoral immunity) (Hajishengallis, 2015).

After antigenic stimulation, naive CD4+ T cells are
activated, proliferate and differentiate into subpopulations
of distinct effector cells characterized by their specific
cytokine production profiles and specific functions
(Hernandez et al., 2011). They may differentiate into
several subpopulations, among then, Thl and Th2.
Increased T-bet expression, the transcription factors
controlling Th1 differentiation, has been detected in active
periodontal lesions and its over-expression correlated
positively with enhanced expression of IL-1f and
interferon-y (Hernandez et al, 2011).

Thl cells secrete IL-2, IFN-y and TNF-$ and are
involved in control of intracellular pathogens and
inflammatory diseases. Whereas Th2 cells produce 1L-4,
IL-5, IL-6, IL-10 and IL-13 (Linden et al., 2013).

Thl cytokines (IL-2 and IFN-y) boost cell-mediated
responses, whereas Th2 cytokines (IL-4) suppress cell-
mediated  responses. T CD4+ lymphocytes
subpopulations also regulate B cells functions, directly
affecting immunoglobulin class switching by B cells
(Hajishengallis, 2015). Autoimmune reactions are evident
in periodontal lesions through the production of
autoantibodies against periodontal tissue components
(collagen, desmosomal proteins, neutrophils, phospholipids)
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(Berglundh et al., 2007; Houri-Haddad et al., 2007; Garlet,
2010; Hajishengallis, 2014).

It is known that Th cell responses provide the
necessary cytokines for proliferation of B cells and their
polyclonal activation, facilitated by the presence of LPS,
leading to high levels of antibodies and continuous
production of IL-1B, which contributes to bone
resorption (Amunulla et al, 2008; Gaffen and
Hajishengallis, 2008).

The discovery of the Th17 subpopulation propitiated
to re-examine the role of T cells in inflammatory
diseases (Hajishengallis, 2014). Two well-defined
subpopulations of CD4+ T cells, Th17 and Tregs, when
activated, perform antagonistic roles, as effector and
suppressor cells, respectively and both are important in
host response and pathogenesis of PD (Linden et al.,
2013; Hajishengallis, 2014).

Although Tregs and Thl7 cells perform different
roles in the pathogenesis of infection, it has been shown
that they have a common path of development. Naive T
cells exposed to TGF-B upregulate transcription factor
Foxp3 and become induced Treg, which suppress
inflammation. But when naive cells are cultured with
TGF-f and IL-6, for instance, as occur during early
phase of periodontitis, Th17 cells are generated and
present pathological activities that are pro-inflammatory
and pro-resorptive (Hernandez et al., 2011).

Recently, an anti-inflammatory protective role
mediated by IL-9 and IL-22, produced by Th9 and
Th22 lymphocytes, respectively, was suggested in
stable periapical lesions. IL-9 exerts proinflammatory
or anti-inflammatory activities through the modulation
of the development and function of Tregs and/or
Th17. IL-22 is also characterized as a pleiotropic
cytokine (Aranha et al., 2013).

Th17 cells act against extracellular bacteria and
fungi that were phagocytosed by antigen presenting
cells (APCs). Thl7 cells also produce IL-6, IL-1B,
TNF-a, IL-21, IL-22, IL-23, IL-26 and Receptor
Activator of Nuclear factor Kappa B Ligand (RANKL)
(Linden et al., 2013; Hajishengallis, 2014). The
expansion of human Th17 cells is regulated by IL-23,
whereas IL-1, TGF-fl1 and IL-6 initiate the
differentiation of Thl7 (Konermann et al., 2012).
Moreover, IL-21, as an autocrine-regulating factor for
Th17 cells, plays an important role in inducing the
differentiation of Th17 cells and inhibition of Thl and
Treg function (Zhao et al., 2011).

Another critical aspect in PD is the control of bone
homeostasis that depends on a dynamic balance between
bone-forming osteoblasts and bone-resorbing osteoclasts
that is tightly controlled by several regulatory
mechanisms, such as endocrine system and immune
response (Hernandez et al., 2011). Osteoclasts induce
periodontal bone resorption and the balance between
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bone resorption by osteoclasts and bone formation by
osteoblasts controls the level of bone mass (Chen et al.,
2014). The functional characterization of three new
members of the TNF superfamily (ligand and receptor)
has significantly contributed to the establishment of
osteoimmunology and their participation as key
modulators of physiology and pathology of bone
resorption: RANKL, its receptor RANK and the soluble
decoy receptor of RANKL, Osteoprotegerin (OPG)
(Srinivasan, 2013). RANKL is a polypeptide of 314 amino
acids expressed as membrane-bound protein or in secreted
form and the OPG inhibits RANK/RANKL interaction
(Chen et al., 2014). RANKL exerts its biological effects
by inducing osteoclast differentiation, maturation,
activation and inhibition of apoptosis (Hernandez et al.,
2011). In presence of Macrophage Colony Stimulating
Factor (M-CSF), RANKL binds to RANK present in
osteoclasts and Osteoclast Precursors (OCP) and activate
these cells. In addition, many well-known osteotropic
factors, including TNF-a, PGE,, IL-1f, IL-6 and IL-17,
exert their osteoclastogenic activity through the induction
of RANKL expression in osteoblasts and CD4+ T cells
(Hernandez et al., 2011; Hienz et al., 2015). The level of
RANKL mRNA and the RANKL/OPG mRNA ratio
were enhanced in chronic periodontitis, was related to
the number of P. gingivalis (Tuter et al., 2010;
Vernal et al., 2004; Wara-Aswapati et al., 2007) and by
inhibiting the RANKL/RANK signal there was a
decrease in bone resorption during experimental
periodontitis in rats (Jin et al., 2007).

A cytokine known as TRANCE (cytokine related to
TNF), previously identified in CD4+ T cells, may induce
differentiation and osteoclast activation and act directly
in OCP and mature osteoclasts, through RANKL
synthesis during diseases involving bone resorption
(Hernandez et al., 2011).

Transcription factor NF-kB binds to DNA
sequences called kB sites, is essential for osteoclast
formation and survival and regulates bone homeostasis
by inducing the cytokines RANKL, TNF-a and IL-1
involved in periodontitis (Xu et al, 2009.
Porphyromonas  gingivalis  and  Fusobacterium
nucleatum activate NF-kB transcription in epithelial
cells and upregulate proinflammatory cytokine gene
transcripts (Abu-Amer, 2013). Bacterial
lipopolysaccharides activate NF-kB, osteoclastogenesis
and osteolysis in mice (Abu-Amer et al., 1997).

Osteoblasts, T and B cells and fibroblasts express
RANKL. Osteoblasts express TLR 1, 2, 4 and 6 and
respond to TLR 2/6 and TLR 2/1 ligands, increasing
the transcription of NF-kB and RANKL expression.
OPG, the bone protection factor, produced by
osteoblasts and bone marrow stromal cells (fibroblasts
residing in the periodontum and endothelial cells),
inhibits RANK/RANKL interaction and prevents bone
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resorption (Kawai et al., 2006; Hans and Hans, 2011;
Yokoyama et al., 2011).

Additionally, chemotactic Macrophage Inflammatory
Protein (MIP)-3a is crucial for the chemotaxis and
maintenance of immune cells, especially Th17 cells in
inflamed tissues. It has been suggested a possible role
for periodontal ligament fibroblasts by upregulating the
chemotactic MIP-3a that attract Th17 cells into the
inflamed periodontal tissues (Konermann et al., 2012),
where these lymphocytes mediate tissue damage. Th17
lymphocyte may provide protection because they
attract neutrophils and induce the expression of
antimicrobial factors. However, they may also
contribute to pathogenesis of autoimmune inflammatory
disecase, by causing osteoclastogenesis (IL-17 and
RANKL) (Konermann et al., 2012). Thl17 cells are
observed at sites with CP and related Th17 cytokines are
produced in periodontal lesions (Linden et al., 2013;
Hajishengallis, 2014).

Recent studies have claimed that the bacteria P.
gingivalis is a host response handler rather than a potent
inducer of inflammation, i.e., it has activity usually
associated with another bacterium involved in
inflammatory disease. Specifically, by subverting the
innate immune response, including the interference in
complement pathway and TLRs, P. gingivalis can impair
host defenses in such a way that the growth and
development of the entire microbial community is
altered, thereby causing a destructive change in its
homeostatic relationship with the host. Furthermore, it is
suggested that P. gingivalis can modify the adaptive
immune response. The interaction of P. gingivalis with
dendritic cells induces a pattern of cytokines, which
promotes the polarization to Th17 lymphocytes, rather
than to the effective Thl lineage, which promotes
immune clearance of P. gingivalis. P. gingivalis also
inhibits chemokine production by gingival epithelial
cells, which recruit Thl cells, as well as IFN-y
production by T cells (Hajishengallis, 2014).

IL-17 acts on cells of the innate and adaptive immune
system and connective tissue cells, such as neutrophils,
fibroblasts and osteoblasts. Through these interactions,
IL-17 induces the production of CXC chemokines
(cysteine-amino acid-cysteine, chemokine family, in
which the cysteine residues are separated by one amino
acid) that recruit neutrophils, Matrix Metalloproteinases
(MMPs) and other molecules related to tissue destruction
(Hajishengallis, 2014).

Thus, activated lymphocytes (B and T cells,
specifically Thl and Thl7) play an important role in
pathological bone resorption by the same mechanism
dependent on RANKL (Hajishengallis, 2014). In
addition, activated neutrophils express membrane-bound
RANKL and can stimulate osteoclastogenesis directly if
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they are close enough to the bone. The anti-inflammatory
cytokine IL-10 produced by Tregs, as well as IFN-y
produced by Thl cells and IL-4 and IL-13 produced by

Th2 cells can suppress osteoclastogenesis
(Hajishengallis, 2014) (Fig. 1).
Recently, important hypotheses on the

pathophysiological role of IL-33 in PD were reported.
IL-33 is a recently discovered member of the IL-1
family. Endothelial and epithelial cells constitutively
produce this cytokine. IL-33 is a ligand ST2 receptor, a
member of the superfamily TLR/IL-1R. This cytokine
probably plays three roles in relation to PD: As an
alarm, a chemoattractant and a systemic cytokine. The
release of IL-33 when operating as an alarm, results in
the destruction of many cells, primarily fibroblasts
and epithelial cells, by necrosis. In the context of
inflammatory disease, IL-33 induces other responses
such as degranulation of mast cells and production of
pro-inflammatory cells (e.g., macrophages,
eosinophils and basophils). The release of
inflammatory mediators and IL-33 will induce
osteoblast activation, which leads to the production of
RANKL and diminishes OPG production and
subsequent activation of osteoclasts. Moreover, mast
cell degranulation, in addition to the inflammatory
state, will induce sensitization of circulating
monocytes, which will differentiate into osteoclasts in
this microenvironment (da Luz et al., 2014).

The role of B cell and plasma cell is not fully
understood in periodontitis. It is considered that the
antibody response is not protective. In fact, increased
deposition of immune complexes together with
complement fragments in the diseased gum suggest that
the antibodies secreted from plasma cells may be
involved in the inflammatory response. The ability of B
cells to produce inflammatory cytokines and MMPs can
further contribute to tissue damage. Perhaps most
importantly, B cells constitute, together with T cells, the
biggest source of RANKL secreted and bound to the
membrane in bone resorption lesions in periodontitis.
The postulated protective role of Thl cells is consistent
with the negative correlation of Thl cytokines (IFNy and
IL-12) and the severity of periodontitis observed in some
studies, the ability of these cytokines to promote
immunity mediated by cells and to inhibit
osteoclastogenesis. However, other studies have
attributed the destructive effects to Thl cells and IFNy in
periodontitis, because the capacity of activated Thl cells
also to express RANKL. Such discrepancies can
therefore be partly attributed to the opposing roles of the
same subpopulation of T cells in periodontitis. Likewise,
Th2 cells that promote destructive responses of B cells
can also secrete IL-4 and IL-13, which can inhibit
osteoclastogenesis (Hajishengallis, 2014).
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Fig. 1. This figure shows the anatomy of the periodontium around the tooth in periodontal disease. The epithelial barrier breached
causes bacterial invasion of the underlying connective tissue, in which the resident immune cells in periodontium, such as
macrophages, dendritic cells, T cells and B cells, are activated. This situation favors the exaggerated release of
proinflammatory cytokines (TNF-a, IL-1f, IL-6, IL-17, etc.), which lead to the differentiation and activation of T cell
subpopulations. Activated Th1l, Th2 and Th17 release specific cytokines of each polarized T cell subpopulation and thus
promote the activation of Receptor Activator of Nuclear Factor Kappa beta Ligand (RANKL) expression on the membranes
of neutrophils, B cells, periodontal ligament fibroblasts and osteoblasts, which induces bone resorption in periodontal disease
after binding to its RANK receptor on the osteoclast membrane. The proliferation and activation of Treg cells promote the
release of cytokines, which have anti-inflammatory roles in osteoclastogenesis and thus prevents bone resorption in the active
sites of the disease. Osteoprotegerin (OPG) has an inhibitory role in osteoclastogenesis

Thus, the dissection of the periodontal response of the
host in terms of protective and destructive aspects seems
to be confused by the nature of the disease, in which a
powerful antimicrobial protective response can be
compensated by collateral inflammatory tissue damage.
This also possibly becomes true for other complex
inflammatory diseases with complex polymicrobial
etiology. Currently, therefore, it is not possible to attribute
definitive functions for effector T cell subpopulations in
periodontitis (Hajishengallis, 2014).

It is likely that different subpopulations of T cells
predominate at different stages of PD and the inability
to clinically determine the activity of the disease
becomes an important limitation in all studies
(Gemmell et al., 2002).

Local and Systemic Responses in Periodontal Disease

In crevicular cells (gingival fluid), significant
differences were established between patients with
localized AgP (LAgP), generalized AgP (GAgP), CP and
controls in relation to the average number of cytotoxic T
lymphocytes- CD8+ (LAgP > CP and controls) and B-
lymphocytes- CD20+ (LAgP/GAgP > CP and
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LAgP/GAgP > controls). Significant variations were
observed in the rate of T-helper lymphocytes CD4+
/CD8+ (LAgP < controls and GAgP < controls) as well
as in the correlation between the number of T cells and
the degree of inflammation. This supports the hypothesis
of altered immunoinflammatory pathogenesis in patients
with AgP (Sigusch et al., 20006).

CD4+ and CD8+ cells predominate in samples of
gingival biopsies from patients with CP. In contrast,
in patients with AgP, all four-cell types (CD4+,
CD8+, CD20+ (plasma cells) and CD68+ cells
(macrophages)) were significantly increased. CD20+
cells were significantly more prevalent in AgP than in
CP (Artese et al., 2011).

Serum levels of IFN-y, TNF-a and IL-10 were
significantly increased, while IL-2 was significantly
lower in periodontitis patients compared with healthy
controls. An increased serum level of IFN-y and TNF-a
in patients with periodontitis was associated with an
increase in A. actinomycetemcomitans and P. gingivalis
in dental biofilm, respectively (Andrukhov et al., 2011).

In addition, the humoral immune response to bacteria
is stimulated in PD patients, as determined by serum IgG
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antibodies to specific bacteria and/or their antigens
(Ebersole et al., 1987).

Although some studies have shown that severe forms
of PD have similar systemic inflammatory profiles
(Cairo et al., 2010; D’Aiuto et al., 2010; Picolos et al.,
2005; Lima et al., 2011) found different cell sources of
immunoregulatory cytokines in patients with AgP
compared to patients with CP, in which the frequency of
IL-10 in cells that express CD14+ was higher in CP but
not in AgP in comparison to healthy controls. The
amount of CD4+ T cells involved in IL-4 production was
higher in CP than in healthy controls.

Evidence that periodontitis constitutes a disease in
which an infectious and inflammatory factor is capable
of increasing the synthesis of inflammatory mediators is
shown by the relevant contribution that studies involving
periodontal therapy have provided. Nonsurgical
periodontal therapy reduced the levels of IL-17 and IL-
21 and increased the levels of IL-4 in gingival fluid,;
however, there were no significant differences in the
levels of IFN-y. Furthermore, the amount of Th17 cells
in peripheral blood was reduced, especially the IL-17+
and IFN-y+ subpopulations. These results suggested that
Th17 cells play a destructive role in the immune balance
in periodontitis, the effect of Thl cells was not
significant, while Th2 cells had a protective effect
(Zhao et al., 2011). In addition, it is known that
individuals with better response to periodontal therapy
decreased their inflammatory risk category (OR 4.8, 95%
CI 1.4 to 15.8) after correction for age, gender, ethnicity
and tobacco use (D’ Aiuto et al., 2004a).

Note that the effectiveness clearly established by
periodontal therapy in the resolution of inflammation
and healing of periodontal tissues involves changing in
the microbiota, with recolonization by commensal
bacteria and restoration of homeostasis. This yields,
among other benefits, reduction in production of
inflammatory mediators and consequently a decrease or
absence of their systemic effects.

Discussion

In individuals susceptible to periodontitis, absence
of resolution of periodontal inflammation results in
chronic inflammation, which may have a systemic
impact (D’Aiuto et al., 2013; Dietrich et al., 2013; Ide and
Papapanou, 2013; Linden and Herzberg, 2013;
Linden et al., 2013; Taylor et al., 2013). The acute
inflammatory response is protective, but failure to
remove the inflammatory cells, especially neutrophils,
promotes chronic, pathological and destructive lesions.
Therefore, it is evident that the three aspects of the
pathogenesis of periodontitis (infection, inflammation
and adaptive immunity) have a potential role and impact
on the systemic immunoinflammatory response, which
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either initiates or mediates a wide range of systemic
diseases (Linden et al., 2013).

In a previous study by our group, we found levels
of high-sensitivity C-reactive protein (hs-CRP) >0.3
mg/dL in individuals with severe periodontitis
compared to controls (60.87 versus 23.08,
respectively; p = 0.0216) (Leite et al., 2014) and
periodontal therapy was associated with a decrease in
hs-CRP levels circulating in serum and an increase in
High Density Lipoprotein (HDL).

Moreover, WBC count is characterized as a crude
marker of systemic inflammation and correlates to the
host response with respect to a variety of stimuli. This
marker has also been associated with a significant
prediction of future cardiovascular events and glucose
intolerance in different populations (D’Aiuto et al.,
2006; Graziani ef al., 2010).

Earlier studies (do Vale ef al., 2004; Figueira et al.,
2009) showed that peripheral blood mononuclear cells
from patients with periodontitis did not proliferate in
response to bacterial antigens. However, other studies
(Pejcic et al., 2011; Gaddale et al., 2014) have confirmed
an increased number of WBCs and neutrophils in the
peripheral blood of patients with moderate to severe
periodontitis, with a positive correlation between disease
severity and number of WBCs in the blood.

Additionally, rigorous therapeutic protocols and
periodontal maintenance contributed to the restoration of
phagocytic function in peripheral blood neutrophils
(Carneiro et al., 2012) and a reduction in hs-CRP levels
in patients with severe periodontitis (Leite et al.,
2014). These findings also support the conclusions of
D’Aiuto et al. (2004b; 2004c) and Kamil et al. (2011)
when reporting a greater reduction in the levels of
systemic inflammatory markers among those with better
clinical responses to periodontal therapy.

Conversely, serum levels of various cytokines in
patients with periodontitis were investigated in several
previous studies and the results were often controversial
(Duarte et al., 2010; Andrukhov et al., 2011; Zhao et al.,
2011). The contradictions in the existing data are
probably caused by the heterogeneity among the various
individuals, differences in susceptibility to periodontitis,
differences in the oral microbiota and low levels of
cytokines in the serum (Andrukhov et al., 2011).

Since Thl, Th2 and Th17 are mutually inhibitory, it
can be argued that the simultaneous action of T cells in
the development of periodontitis is unlikely and that
these subpopulations of T cells can lead to disease
progression independently. However, more studies are
necessary for the accurate determination of crosstalk
between T helper cytokines in periodontitis and its
impact on the evolution of the disease (Garlet, 2010).

Different combinations of adhesion molecules and
their ligands, or the expression of different cytokines and
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chemokines in the microenvironment, contribute for
differences in the recirculation or selective recruitment
of lymphocyte subsets to sites of inflammation, which
in turn may influence the outcome of disease
(Seymour et al., 1993; Lima et al., 2011).

The unique feature of the biofilm in the oral cavity,
particularly the subgingival biofilm, is its close
proximity to highly vascularized tissues. Any disruption
of natural integrity of the subgingival epithelium, whose
thickness is at most 10 layers, can lead to bacteremia
(Parahitiyawa et al., 2009). Furthermore, in
periodontitis, the periodontal pocket epithelium is
typically thin and ulcerated and, therefore, often opens,
allowing access of pathogens to the connective tissue
and blood vessels. In patients with moderate to severe
periodontitis, the total area of the pocket epithelium in
direct contact with the subgingival biofilm is
surprisingly large, reaching to about the size of the palm
of the human hand or much larger in advanced cases
(Page, 1998). Therefore, both the access of
microorganisms to the bloodstream and the onset of
chronic inflammation with area and intensity sufficient
to elicit a significant host response provide the basis for
the study of the inter-relationship between periodontitis
and CVD and obesity, among others.

Thus, nonsurgical periodontal therapy acts to reduce
inflammation markers in the blood CRP, IL-6, etc.) and
reveals some important aspects of the systemic reach of
periodontal inflammation (Fitzsimmons et al., 2010;
Zhao et al., 2011). However, it is emphasized that the
mechanical removal of the dental biofilm by scaling and
root planning, with or without another supporting
modality, does not mean that, at any magnitude,
inflammation/infection does not persist. Sometimes the
removal of local factors is only achieved after repeated
specific actuations principally at sites in which there
still exist clinical signs of inflammation. Sites with
residual periodontal pockets that continue bleeding on
probing undoubtedly require new instrumentation
(scaling and root planning) and reinforcement of oral
hygiene instruction. Moreover, the need for
reinstrumentation and clinical response are unique to
each individual patient and for this reason, there is no
way to generically establish the completion of therapy
for all patients at the same time.

New treatments for periodontitis should address the
important contribution of immune cells in bone
resorption, particularly with regard to the natural course
of the disease (remission and progression periods)
(Hajishengallis, 2014). Current treatments for
periodontitis, despite of obtaining excellent local and
systemic clinical results, depend on mechanical
procedures (scaling and root planning), focusing mainly
in the dental biofilm that should be destroyed and
eliminated whenever possible, however it neglects, in the
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most part, the immunological cells. However, based on
the current understanding of immune response, it is
essential to re-evaluate the forms of treatment currently
available, adding possible new therapeutic strategies to
control alveolar bone loss caused by the cell-mediated
immune response. As a possible target, inhibit the
production and/or expression of the RANKL (by acting
in transcription and/or translation) by activated immune
cells and/or block the RANKL-RANK physiological
interaction may be suggested. Although animal models
have shown promising results for several therapeutic
approaches, problems of side effects also arise.

It is also known that the absence of Tregs is an
indication of a great variety of disorders, such as
autoimmunity, dermatitis, periodontitis and even
transplant rejection. A potential treatment option for
these disorders revolves around increasing the number
of Tregs in local sites (Jhunjhunwala et al., 2012;
Gonzales et al., 2013). Current methods for in vivo
expansion of Tregs depend on biological therapies,
which are not specific for Tregs and are still associated
with many adverse side effects. Synthetic formulations
capable of inducing Tregs could be an alternative
strategy to achieve an in situ increase in the number of
Tregs. The in vitro tests of a synthetic formulation of
Treg inducers that consist of controlled release vehicles
of IL-2, TGF-B and rapamycin were already reported,
using cytokine and/or drug combination. IL-2, TGF-$
and rapamycin are released over three to four weeks
from these formulations. Furthermore, Tregs induced by
these formulations expressed the established markers for
Tregs (phenotype) and suppressed the proliferation and
function of naive T cells to levels similar to that of the
natural soluble factor of Tregs, as well as naturally
occurring Tregs lymphocytes. These formulations were
also able to induce transcription factors FoxP3+ Tregs in
human cells in vitro. The authors concluded that the
combination of these microparticle formulations have the
potential to be used for the in vivo induction of Tregs at
local sites of rejected transplants or autoimmunity
(Jhunjhunwala et al., 2012).

Periodontitis is characterized by polymicrobial
infection, so that, pathogens can modulate the T cell
response to promote its own adaptability and the immune
response itself becomes a mixture of immunological
responses mediated by all the microorganisms
represented in the biofilm (Garlet, 2010; Hajishengallis,
2014). Therefore, it may not be possible to reliably
dissect patterns of dominant activities of Th1, Th2, Th17
or Tregs among the diseased periodontal tissue samples
collected. Thus, it may be simpler and more productive
to consider the roles played by each cytokine (Thl, Th2,
Th17 or Tregs) in periodontal infection, since the
performance of T cells in the maintenance of
homeostasis between the biofilm microorganisms and
host is remarkable.
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It is unclear which specific signaling pathways need
to be blocked or enhanced to mitigate the disease in
order to promote host defense. Moreover, the modulation
of the host immune system by drugs may result in
adverse side effects, requiring close monitoring of
patients for trying this approach (Jhunjhunwala et al.,
2012). Therefore, additional studies are needed to
understand the onset and progression of periodontitis and
to develop therapeutic interventions able to treat and
control the disease.

Conclusion

PD leads to an array of events involving the innate
and adaptive immunity in affected host, which in turn
brings the need for a growing understanding of the
immunopathogenesis of periodontitis in order to improve
the treatment and control of the disease.

New therapeutic approaches that include the current
understanding of the genetic factors and the host (genome,
proteomic analysis, transcription factors, cytokines,
immune cells) as well as the complex microbial
community (metagenomic, metatranscriptomic) should be
tested in animal models and epidemiological studies and
extended to clinical trials for the control of the overall
risk of periodontitis and associated systemic diseases.
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