
Basic Immunology

25th lecture:
Immunology of periodontal diseases



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.



I. Gingival diseases
A. Plaque induced
B. Non-plaque induced

II. Chronic periodontitis
A. Localized
B. Generalized

III. Aggressive periodontitis
A. Localized
B. Generalized

IV. Periodontitis as a manifestation of systemic disease
V. Necrotizing periodontal diseases
VI. Abscesses of the periodontium
VII. Periodontitis associated with endodontic lesions
VIII. Developmental or acquired deformities and conditions

Classification of periodontal diseases (AAP, 1999)



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

>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



How et al. A Review of Porphyromonas gingivalis and Its Virulence Factors

at a narrow temperature range (34 to 36◦C) and a pH close
to neutrality (Marcotte and Lavoie, 1998). With such an ideal
environment, various classes of microflora are found to be
distributed in various ecological niches (Parahitiyawa et al.,
2010).

In general, the mouth harbors at least six billion bacteria
which are represented by more than 700 species (Theilade, 1990;
Aas et al., 2005), as well as other types of microorganisms,
including fungi, mycoplasma, protozoa, and possibly even viruses
(Pennisi, 2005). Generally, oral bacteria can be broadly classified
as Gram-positive and Gram-negative bacteria, and secondarily
as either anaerobic or facultatively anaerobic according to their
oxygen requirements. Some of the more frequently isolated
microorganisms in human oral cavity are listed in Table 1.

Despite the diverse community of oral microbiota, the oral
cavity is, nonetheless, characterized by a stable community
known as the climax community. Therefore, if imbalance in the
oral resident microbiota occurs, oral diseases such as caries and
periodontal diseases seem to appear, leading to multiplication
of potentially pathogenic microorganisms. Several studies have
illustrated that a change in microbial species in the gingival sulcus
from Gram-positive, facultative, fermentative microorganisms to
predominantly Gram-negative, anaerobic, chemoorganotrophic,
and proteolytic organisms has been highly associated with
destruction of periodontal tissue (Eloe-Fadrosh and Rasko, 2013).

PERIODONTAL DISEASES

Periodontal disease generally refers to inflammatory pathologic
state of the gingiva and the supporting structures of the
periodontium which include gingival, alveolar bone, periodontal
ligament, and cementum. They are commonly found in most
human populations and result in significant morbidity, with

TABLE 1 | The predominant human oral microbiota.

Microbial group Microbial genus/species

Gram-positive

Aerobic or facultative Streptococcus (S. gordonii, S. mitis, S. auralis, S. salivarius)

Staphylococcus (S. aureus, S. epidermidis)

Enterococcus (E. faaecalis)

Lactobacillus (L. casei, L. fermentum)

Corynebacterium (C. matruchotii)

Actinomyces (A. naeslundii, A. israelli, A. viscosus)

Arachnia (A. propionica)

Rothia (R. dentocariosa)

Obligate anaerobes Bacillus (B. cereus)

Propionibacterium (P. acnes)

Peptostreptococcus (P. micros, P. anaerobius)

Gram-negative

Aerobic or facultative Campylobacter (C. rectus, C. concisus, C. gracilis)

Actinobacillus (A. actinomycetemcomitans)

Obligate anaerobes Fusobacterium (F. nucleatum)

Porphyromonas (P. gingivalis)

Prevotella (P. melaninogenica, P. oralis, P. intermedia)

exfoliation of the teeth in severe condition. In United States,
recent epidemiological data suggests that periondontal disease
affects one-half of its population over 30 years of age and is the
major cause of tooth loss among adults (Bostanci and Belibasakis,
2012). According to the periodontal disease classification system
proposed by the American Academy of Periodontology (AAP),
periodontal diseases are generally grouped into two major
categories, gingival diseases, and periodontitis, depending on
whether destruction of the periodontal attachment has occurred
(Wiebe and Putnins, 2000).

Gingival disease is defined as inflammation of the gingival
tissues caused by accumulation of dental plaque and is
characterized clinically by redness, swelling, and bleeding of
the tissues. As the periodontal ligament and alveolar bone are
not involved in this event, the attachment of the teeth is not
affected (Williams et al., 1992). Gingivitis can remain indefinitely
for a long period and will not progress to periodontitis, unless
there are perturbations in local conditions or generalized host
susceptibility (Offenbacher, 1996).

On the other hand, periodontitis refers to the irreversible
plaque-induced inflammation of the periodontal tissues leading
to destruction of the periodontal ligament and alveolar bone,
and migration of the epithelial ligament. Subsequently, this
causes formation of a periodontal pocket, the main clinical
feature of periodontitis (Williams et al., 1992). This pocket is
an ideal surface for bacterial colonization and the formation of
subgingival plaque.

Various studies have shown that periodontitis occurs more
often among patients with systemic diseases such as diabetes
mellitus, AIDS, leukemia, and Down’s syndrome (Komatsu,
2014; Mehta, 2015). A growing body of evidence suggests that
periodontitis may enhance the risk for several potentially deadly
conditions including cardiovascular diseases (e.g., heart attack,
coronary artery disease, and stroke) and diabetes (Saremi et al.,
2005; Friedewald et al., 2009). According to a report by AAP in
1996, it was found that people with some forms of gum disease
are almost twice as likely to suffer from coronary artery disease
compared to those with healthy gum.

For many years, numerous studies have been developed
to show the possible connection between periodontal disease
and cardiovascular disease. Recent studies, such as the study
of Nakano et al. (2006) attempted to show the direct
mechanisms that link periodontal diseases to cardiovascular
disease. A number of mechanisms have been proposed to
explain this association including a common factor that
predisposes certain individuals to hyper-inflammatory response
in cardiovascular disease (Beck et al., 1996). It is believed that oral
pathogens could enter the bloodstream and the inflammation
caused by periodontal disease increases plaque build up, which
subsequently contributes to dilation of the arteries (Bartold and
Narayanan, 2006). Figure 1 shows a simplified diagram of the
potential roles that periodontal inflammation might play in the
pathogenesis of cardiovascular diseases.

Streptococcus mutans, a major pathogenic agent of dental
caries, was detected in unusual high frequency in both heart
valve tissues and atheromatous plaque samples than any other
species (Nakano et al., 2006). In fact, together with P. gingivalis,
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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; IL-4, IL-10

-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

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, 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!

“PSD” model: polymicrobial synergy and dysbiosis



Cytokines

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

J Appl Oral Sci. 339

with a decline in the disease progression rate, and 
its inhibition resulted in increased alveolar bone loss 
DQG� LQÀDPPDWRU\� FHOO�PLJUDWLRQ59. In addition to 
the attenuation of tissue destruction, T-regulatory 
cells-associated cytokines such as interleukin-10 
DQG� WUDQVIRUPLQJ�JURZWK� IDFWRU�ǃ�DUH�DVVRFLDWHG�
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. 
$GGLWLRQDOO\�� WKH� UHFHQWO\� LGHQWL¿HG� 7�KHOSHU� ���
cells produces interleukin-22, which can exerts 
SUR�LQÀDPPDWRU\� HIIHFWV� E\� D� V\QHUJLVWLF� DFWLRQ�
ZLWK� FODVVLF� SUR�LQÀDPPDWRU\�PHGLDWRUV� VXFK� DV�
WXPRU� QHFURVLV� IDFWRU�Į� RI� LQWHUOHXNLQ���49,252. 
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 
LQ� WKH� LQÀDPHG� SHULRGRQWDO� HQYLURQPHQW�� +HUH��
we simultaneously investigated the expression of 
SUR�� DQG� DQWL�LQÀDPPDWRU\�� 7�KHOSHU� ��� 7�KHOSHU�
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 
SHULRGRQWDO�GLVHDVHV�DUH�RIWHQ�FRQÀLFWLQJ��,Q�IDFW��
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, 
VLQFH�WKH�SUHVHQFH�RI�VSHFL¿F�SHULRGRQWRSDWKRJHQV�
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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Osteoimmunology

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

J Appl Oral Sci. 342

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, 
LQWHUOHXNLQ���� IDFLOLWDWHV� ORFDO� LQÀDPPDWLRQ� E\�
recruiting and activating immune cells, which leads 
WR�DQ�DEXQGDQFH�RI� LQÀDPPDWRU\�F\WRNLQHV�VXFK�
DV�LQWHUOHXNLQ��ǃ�DQG�WXPRU�QHFURVLV�IDFWRU�Į�WKDW�
enhance the RANKL expression on OBLs and Th17 
cells27,43.

T-helper 17 cells represent a large proportion 
RI� WKH� LQÀDPPDWRU\� FHOOV� LQYDGLQJ� WKH� V\QRYLDO�
tissues during rheumatoid arthritis27. High levels of 
interleukin-17A have been detected in the synovial 
ÀXLG��DQG�LQWHUOHXNLQ����SURGXFLQJ�FHOOV�KDYH�EHHQ�
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 
JLQJLYDO�FUHYLFXODU�ÀXLG�DQG�LQ�ELRSV\�VDPSOHV�IURP�
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 
DPRXQW�RI�5$1./�GHWHFWHG�LQ�JLQJLYDO�FUHYLFXODU�ÀXLG�
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 
¿QGLQJ�ZDV�FRUURERUDWHG�E\�6LOYD��HW�DO�204 (2008), 
whom performed a longitudinal following of 56 
patients affected by moderate to severe chronic 

periodontitis until determination of progression, 
GHWHFWLQJ�KLJKHU�5$1./�DQG�LQWHUOHXNLQ��ǃ�OHYHOV��
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 
DQG� WUDQVIRUPLQJ� JURZWK� IDFWRU�ǃ��ZHUH� GRZQ�
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 
EHWZHHQ�GLIIHUHQW�JHQHV�\LHOGHG�VLJQL¿FDQW�SRVLWLYH�
correlations between RORC2 and RANKL, and 
between RORC2 and interleukin-17. However, 
Foxp3, interleukin-10, transforming growth 
IDFWRU�ǃ��� DQG� &7/$��� GLG� QRW� VKRZ� D� SRVLWLYH�
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 
JURZWK�IDFWRU�ǃ�45.

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



Osteoimmunology

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

J Appl Oral Sci. 341

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��,Q�WKLV�FRQWH[W��GXULQJ�LQÀDPPDWRU\�
response character ist ic of per iodont i t is, 
proinflammatory cytokines associated with 
T-helper 1 and T-helper 17 cell phenotypes, such 
DV� LQWHUOHXNLQ��ǃ�� LQWHUOHXNLQ���� LQWHUOHXNLQ�����
LQWHUIHURQ�Ǆ�� DQG� WXPRU� QHFURVLV� IDFWRU�Į�� FDQ�
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 
DV�WKH�HQGRFULQH�V\VWHP��DQG�LV�LQÀXHQFHG�E\�WKH�
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.
'XULQJ�WKH�����¶V��WKH�¿UVW�REVHUYDWLRQ�SRLQWLQJ�

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��3XUL¿FDWLRQ�
RI�WKLV�DFWLYLW\�OHG�WR�WKH�LGHQWL¿FDWLRQ�RI�LQWHUOHXNLQ�
�ǃ41. Nowadays, numerous cytokines have been 
demonstrated to stimulate bone resorption, 

LQFOXGLQJ� WXPRU� QHFURVLV� IDFWRU�Į�� LQWHUOHXNLQ�
1D�� LQWHUOHXNLQ��ǃ�� LQWHUOHXNLQ���� LQWHUOHXNLQ�����
interleukin-15, and interleukin-17, whereas others 
such as interleukin-4, interleukin-5, interleukin-10, 
interleukin-13, interleukin-18, and transforming 
JURZWK� IDFWRU�ǃ�� LQKLELWHG� ERQH� UHVRUSWLRQ225,251. 
In this context, functional characterization of 
three novel members of the tumor necrosis factor-
ligand and receptor superfamily, the receptor 
DFWLYDWRU� RI� QXFOHDU� IDFWRU�ǉ%� �5$1.��� LWV� OLJDQG�
(RANK-ligand or RANKL) and the soluble decoy 
receptor of RANKL named osteoprotegerin, have 
FRQWULEXWHG� VLJQL¿FDQWO\� WR� WKH� HVWDEOLVKPHQW� RI�
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 
QHFURVLV�IDFWRU�Į��LQWHUOHXNLQ��ǃ�DQG�LQWHUOHXNLQ����
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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Citrullination (deimination) 1.

Arginine Citrulline
Citrullinated proteins:
MBP, filagrin, histon proteins, vimentin, fibrin, firbrinogen

Intermediate filament family -
connective tissue, cytoskeleton

Peptidylarginine deiminases

MCV=modified citrullinated 
vimentin




