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Inflammatory diseases affecting the gingiva and supporting structures of teeth

Results in attachment loss and destruction of alveolar bone

Etiology is important for proper treatment

Periodontal diseases

body reactions, trauma lesions and a catch all, not
otherwise specified, for forms of gingivitis that do not fit
neatly into any of the other areas. Figure 5 illustrates a
dermatological disease, lichen planus which is common,
may occur in the mouth without skin lesions and is
frequently confused and misdiagnosed as plaque
induced gingivitis. Note the severe erythema of the
attached gingiva and the presence of cheek lesions and
an ulcer opposite the second molar.

Chronic periodontitis

‘‘Chronic periodontitis’’, in the 1999 classification, has
replaced the term ‘‘adult periodontitis’’. It was felt that
adult periodontitis was an inappropriate term as,
although it was the most common form of periodontitis
in adults, it could also be seen in adolescents and
occasionally children. The term ‘‘chronic’’ was chosen
as it was felt to be non-specific and not age dependant
and thus less restrictive. It may be either localized or
generalized, depending upon the number of sites affected.
Localized periodontitis is described as 30 per cent or less
of sites affected and generalized periodontitis being more
than 30 per cent of sites affected.

Features of chronic periodontitis listed in the 1999
International Workshop31 are:

• most prevalent in adults, but can occur in children
and adolescents;

• amount of destruction is consistent with the presence
of local factors;

• subgingival calculus is a frequent finding;
• associated with a variable microbial pattern;
• slow to moderate rate of progression, but may have

periods of rapid progression;
• can be further classified on the basis of extent and

severity;

(a)

(b)

Fig 3. Gingivitis. (a) Marginal gingivitis with erythema, oedema
and loss of stippling. Note the composite veneers on the maxillary
central incisors. (b) Severe oedematous gingivitis with marked

erythema and oedema spreading over the adjacent attached gingiva.

(a)

(b)

(c)

Fig 4. Gingivitis modified by hormonal effects and medications.
(a) By the hormonal effects of pregnancy. (b) and (c) By medications.

(b) By an antihypertensive drug, nifedipine, which is a calcium
antagonist. (c) By cyclosporine, an immunosuppressant use to prevent

organ graft rejection.
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Diagnosis and classification of periodontal disease. Highfield J, Aus Dent J. 2009.



Most common:

-Chronic marginal gingivitis (CMG)
Inflammatory reaction to plaques
Reversible inflammation

-Chronic inflammatory periodontal disease (CIPD)
Adult periodontitis
Irreversible damage
Smoking important exacerbating factor

Classification of periodontal diseases (AAP, 1999)



Pathophysiology
Bacteria (“PSD” model: polymicrobial synergy and dysbiosis)

>600 species in the oral cavity
~200 detectable in an individual

8 bacterial species have been associated with periodontal disease
e.g.: Prevotella intermedia – acute necrotizing ulcerative gingivitis

Porphyromonas gingivalis – chronic inflammatory periodontal disease
Found in both healthy and diseased sites…
~ 50% of plaque bacteria can be cultured, rest are unknown!

Pathogenic factors:
-leukotoxins
-endotoxin
-capsular products (activators of bone resorption)
-hydrolytic enzymes (collagenases, phospholipases, proteases… etc)

Bacteria and bacterial toxins can invade the periodontal epithelium



Pathophysiology
Immunogenetic factors

-HLA association (animal and human studies)
HLA-A9: associated with higher risk for CIPD, juvenile periodontitis, rapidly progressing periodontitis 

indicate that HLA-A9 is associated with periodontal destruction

-Genotype variants
IL-1α, IL-1β, TNFα (pro-inflammatory); IL-4, IL-10 (anti-inflammatory)

-Twin studies
No difference in gingivitis, probing depth, attachment loss, and plaque in monozygous twins raised apart or 

together
indicate that genetic component is more important than environment

-Antibody response
Usually directed against Gram- bacteria; levels correlate with disease severity

e.g. increased antibody levels against P. gingivalis in CIPD
Both systemic and local



Pathophysiology

Periodontal diseases: bug induced, host promoted. Khan SA et al, PLOS Path. 2015.



Pathophysiology

Stages (gingivitis always precedes periodontal disease!)

I. Initial lesion: reversible damage to gingival sulcus, polymorphonuclear cell infiltration, 
complement activation

II. Early lesion: still reversible, lymphocytes replace polymorphonuclear cells.  Mostly T cells 
(TH17), few plasma cells

III. Established lesion: predominant plasma cell infiltration, mainly IgG+

IV. Advanced lesion: destructive state; pocket formation, epithelial ulceration, periodontal 
ligament destruction, bone resorption
P. gingivalis important!



Pathophysiology

Periodontal diseases: bug induced, host promoted. Khan SA et al, PLOS Path. 2015.

Accumulation of dental plaque
Tartar formation
Gingival inflammation
Periodontal pocket formation, loss of bone support

Pocket: 3mm< unhealthy
7mm< high risk of eventual tooth loss



Pathophysiology

Periodontal diseases: bug induced, host promoted. Khan SA et al, PLOS Path. 2015.



Cytokines
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with a decline in the disease progression rate, and 
its inhibition resulted in increased alveolar bone loss 
and inflammatory cell migration59. In addition to 
the attenuation of tissue destruction, T-regulatory 
cells-associated cytokines such as interleukin-10 
and transforming growth factor-β are associated 
with tissue repair in different models29.

Additional T-helper subsets
While T-helper 1, T-helper 2, T-helper 17 and 

T-regulatory cells are the most recognized and 
studied T-helper subsets, recent studies suggest the 
existence of other CD4 lymphocytes subtypes with 
distinguished immunoregulatory properties. T-helper 
9 cells characteristically produce interleukin-9, 
initially designated as a T-helper 2 cytokine that 
exerts pro- or anti-inflammatory activities by 
modulating T-regulatory cells and/or T-helper 
17 cells development and function49,128,129,161. 
Additionally, the recently identified T-helper 22 
cells produces interleukin-22, which can exerts 
pro-inflammatory effects by a synergistic action 
with classic pro-inflammatory mediators such as 
tumor necrosis factor-α of interleukin-1749,252. 
Preliminary data from Garlet group demonstrate 
that both interleukin-9 and interleukin-22 are 
overexpressed in diseased periodontal tissues, 
reinforcing the complexity of cytokine networks 
in the inflamed periodontal environment. Here, 
we simultaneously investigated the expression of 
pro- and anti-inflammatory, T-helper 1, T-helper 
2, T-helper 9, T-helper 17, T-helper 22 and 
T-regulatory cells cytokines/markers, and the 
major osteoclastogenesis regulators RANKL and 
osteoprotegerin, in human chronic periapical 
granulomas and their possible correlations with 
lesions activity pattern147 in order to obtain a more 
complete picture of the immunoregulatory scenario 

in periapical lesions, which ultimately can contribute 
to the development and to the improvement of the 
diagnosis and treatment of these pathologies.

The T helper immunoregulatory network
Despite the reports regarding the expression 

of prototypical T-helper markers in diseased 
periodontal tissues, the related hypothesis 
regarding their role in the pathogenesis of 
periodontal diseases are often conflicting. In fact, 
since the production/expression of such factors is 
usually investigated individually or in small clusters, 
it does not allow the complete immunoregulatory 
scenario determination, where the potential 
synergic or antagonist action of cytokines should 
be considered. When interpreting in vivo data, the 
putative function of cytokines must be estimated 
in the view of a complex milieu, with presence of 
several other cytokines, which can modulate or 
be modulated by them in multiple ways until the 
establishment of an overall outcome. In addition, 
since the presence of specific periodontopathogens 
is able to interfere with cytokine milieu, the in 
vivo scenario with multiple bacterial species 
turns this network even more complex (Figure 
3). Interestingly, the simultaneous presence of 
T-helper 1 and T-helper 2 was previously reported 
in periodontal lesions, but the interferon-g and 
interleukin-4 levels of these cytokines were 
described to be inversely correlated in accordance 
with the mutual inhibitory activity of these T cell 
subsets62. More recently, studies demonstrate that 
periodontal lesions simultaneously express high 
levels of both interleukin-17 and interferon-g, 
suggesting a possible cooperative detrimental 
role for these cytokines46,223. Conversely, in other 
models, T-helper 1 and T-helper 17 mediators seem 
to be independently associated to the progression 

Figure 3- Cytokines and periodontal disease

Host response mechanisms in periodontal diseases
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Host response mechanisms in periodontal diseases. Silva N et al, J Appl Oral Sci. 2015.



Osteoimmunology

Host response mechanisms in periodontal diseases. Silva N et al, J Appl Oral Sci. 2015.
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in periodontal tissues stimulate the differentiation 
of monocyte-macrophage precursor cells into 
osteoclasts, and the maturation and survival of 
the osteoclast, leading to alveolar bone loss37,54,91, 

108,132,156,244,248. In this context, during inflammatory 
response character ist ic of per iodont i t is, 
proinflammatory cytokines associated with 
T-helper 1 and T-helper 17 cell phenotypes, such 
as interleukin-1β, interleukin-6, interleukin-17, 
interferon-γ, and tumor necrosis factor-α, can 
stimulate periodontal osteoblasts to express 
membrane-bound RANKL1,54,72,140,153. In addition to 
osteoblasts, RANKL is expressed by a number of 
other cell types, mainly T-helper 17 lymphocytes108 
(Figure 4).

Skeletal homeostasis depends on a dynamic 
balance between the activities of the bone-
forming osteoblasts (OBLs) and bone-resorbing 
osteoclasts (OCLs)247. This balance is tightly 
controlled by various regulatory systems, such 
as the endocrine system, and is influenced by the 
immune system, an osteoimmunological regulation 
depending on lymphocyte- and macrophage-
derived cytokines188,197,225,251. An unbalance in favor 
of bone-resorbing osteoclasts leads to pathological 
bone resorption, as it has been observed in 
rheumatoid arthritis, osteoporosis, Paget’s disease, 
bone tumors, and periodontitis188,251.

During the 1970’s, the first observation pointing 
towards immune cells influencing the bone-
resorbing osteoclasts activity was made. Indeed, a 
factor (OCL-activating factor or OAF) that stimulated 
bone resorption was detected in the supernatant 
from cultured human peripheral monocytes 
stimulated with phytohemagglutinin96. Purification 
of this activity led to the identification of interleukin-
1β41. Nowadays, numerous cytokines have been 
demonstrated to stimulate bone resorption, 

including tumor necrosis factor-α, interleukin-
1α, interleukin-1β, interleukin-6, interleukin-11, 
interleukin-15, and interleukin-17, whereas others 
such as interleukin-4, interleukin-5, interleukin-10, 
interleukin-13, interleukin-18, and transforming 
growth factor-β1 inhibited bone resorption225,251. 
In this context, functional characterization of 
three novel members of the tumor necrosis factor-
ligand and receptor superfamily, the receptor 
activator of nuclear factor-κB (RANK), its ligand 
(RANK-ligand or RANKL) and the soluble decoy 
receptor of RANKL named osteoprotegerin, have 
contributed significantly to the establishment of 
osteoimmunology, where these molecular mediators 
participate as key modulators of physiological and 
pathological bone resorption224,234,250. RANKL exerts 
its biological effects directly through binding to 
RANK, inducing OCL differentiation, maturation 
and activation124. Osteoprotegerin inhibits the 
osteoclastogenesis and induces osteopetrosis when 
over-expressed in transgenic mice205. RANKL has 
been associated with diverse osteodestructive 
pathologies, including rheumatoid arthritis, bone 
tumors, osteoporosis, Paget’s bone disease, 
osteolytic lesions of the facial skeleton, odontogenic 
lesions and periodontitis28,37,90,96,97,117,132,231,245,246.

The identification of RANKL as the T cell 
cytokine TRANCE (tumor necrosis factor-related 
activation-induced cytokine) allowed envisaging the 
possibility that CD4+ T cells may have the capacity 
to induce OCL differentiation and activation by 
directly acting on OCL precursors and on mature 
OCLs through synthesis of RANKL during osteo-
destructive diseases117,230,260. Furthermore, many 
well-known osteotropic factors, including tumor 
necrosis factor-α, interleukin-1β and interleukin-6, 
exert their osteoclastogenic activity by inducing 
RANL expression on OBLs and CD4+ T cells22. Th2 

Figure 4- Periodontal disease osteoimmunology

Host response mechanisms in periodontal diseases
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Osteoimmunology
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cells inhibit osteoclastogenesis by acting on the 
precursor cells, mainly through interleukin-4 and 
interleukin-10 secretion95,239. In contrast, T-helper 
17 cells stimulated by interleukin-23 promote 
osteoclastogenesis mostly through production 
of interleukin-17 and RANKL196. Furthermore, 
interleukin-17 facilitates local inflammation by 
recruiting and activating immune cells, which leads 
to an abundance of inflammatory cytokines such 
as interleukin-1β and tumor necrosis factor-α that 
enhance the RANKL expression on OBLs and Th17 
cells27,43.

T-helper 17 cells represent a large proportion 
of the inflammatory cells invading the synovial 
tissues during rheumatoid arthritis27. High levels of 
interleukin-17A have been detected in the synovial 
fluid, and interleukin-17-producing cells have been 
detected within the T cell-rich areas in patients with 
rheumatoid arthritis138,264. Furthermore, interleukin-
17A is able to promote cartilage destruction and 
bone erosion in experimental rheumatoid arthritis138. 
Increased levels of interleukin-17 were detected in 
gingival crevicular fluid and in biopsy samples from 
periodontal lesions, both at the mRNA and protein 
levels, in patients with chronic periodontitis, and 
these increased levels have been associated to 
CD4+ T cells223,247. Furthermore, RANKL and RANK 
were synthesized within periodontal lesions in which 
interleukin-17 was produced by activated gingival 
T cells247. Taken together, these data establish that 
T-helper 17 cells represent the osteoclastogenic 
T-helper subset on CD4+ T lymphocytes, inducing 
osteoclastogenesis and bone resorption through 
synthesizing interleukin-17 and RANKL (Figure 5).

Our findings have demonstrated that total 
amount of RANKL detected in gingival crevicular fluid 
of patients undergoing periodontitis progression 
was higher in active periodontal lesions than in 
inactive lesions, proposing this pro-resorptive factor 
as a marker of active alveolar bone resorption 
associated with T-helper cell activity245,246. This 
finding was corroborated by Silva, et al.204 (2008), 
whom performed a longitudinal following of 56 
patients affected by moderate to severe chronic 

periodontitis until determination of progression, 
detecting higher RANKL and interleukin-1β levels, 
and matrix metalloproteinase-13 activity, in active 
sites compared with inactive sites.

When the role of T-helper 17 and T regulatory 
cells phenotypes was analyzed during progressive 
periodontitis, it was established that interleukin-17 
and RANKL were over-regulated, and interleukin-10 
and transforming growth factor-β1 were down-
regulated in active periodontal lesions compared 
with inactive lesions activity45. In fact, the over-
expression of transcription factor orphan nuclear 
receptor C2 (RORC2), the master-switch gene 
controlling the T-helper 17 differentiation, was 
associated with active periodontal lesions during 
progressive periodontitis45.

In the same study, analysis of the associations 
between different genes yielded significant positive 
correlations between RORC2 and RANKL, and 
between RORC2 and interleukin-17. However, 
Foxp3, interleukin-10, transforming growth 
factor-β1, and CTLA-4 did not show a positive 
correlation, speculating that Foxp3+ T-cells that do 
not bear regulatory functions may have a role in 
periodontal progressive destruction, in view of the 
down-regulation of interleukin-10 and transforming 
growth factor-β145.

In response to periodontopathogens that 
have been strongly associated with periodontitis 
progression, for instance P. gingivalis and A. 
actinomycetemcomitans, RANKL expression has 
been reported to increase in CD4+ T lymphocytes 
infiltrating periodontally affected tissues258. 
In this context, on T lymphocytes activated 
with autologous dendritic cells primed with 
different P. gingivalis capsular (K) serotypes and 
A. actinomycetemcomitans O-polysaccharide 
serotypes, at different multiplicity of infections, 
the expression and secretion levels for RANKL 
were determined. The obtained data showed an 
increase in RANKL mRNA expression on T cells 
activated with P. gingivalis K1 or K2 serotypes and 
A. actinomycetemcomitans b serotype, compared 
with the other serotypes, and these levels correlate 

Figure 5- Osteoclastogenesis and bone resorption induction through synthesizing interleukin-17 and RANKL

Host response mechanisms in periodontal diseases

2015;23(3):329-55Osteoblast – Osteoclast balance:
-RANKL: binds to RANK à Osteoclast differentiation, activation
-Osteoprotegerin: binds RANKL à inhibits osteoclast activation
-TH17 cells can produce RANKL

Host response mechanisms in periodontal diseases. Silva N et al, J Appl Oral Sci. 2015.



Immunology of periodontitis

Innate and adaptive immunity of periodontal disease. From etiology to alveolar bone loss. Becerra-Ruiz JS, Oral Dis. 2021.

Most important:
TH17
RANKL


