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1 - Introductions : 
 

Periodontal diseases are serious chronic infections that involve destruction of the tooth-supporting apparatus, 

including the gingiva, the periodontal ligament, and alveolar bone. These diseases are initiated by a local accumulation 

of bacteria adjacent to the tooth (1). 
 

 Periodontal diseases, including gingivitis and periodontitis, can affect one tooth or many teeth and, if left 

untreated, can lead to tooth loss, particularly in adults. It is the most common dental condition in adults, and is also one 

of the most common chronic inflammatory diseases affecting a majority of the population throughout the world. 

Although plaque is essential for the initiation of periodontal diseases, the majority of the destructive processes 

associated with these diseases are due to an excessive host response to the bacterial challenge (2,3). 
 

Therefore, periodontal disease is a multifactorial, complex disease. The purpose of this chapter is to provide a 

general overview of the types of periodontal disease, risk factors associated with them, and the etiology, pathogenesis, 

and management of periodontal diseases (1). 
 

The pathogenesis of periodontal disease (PD) is an inflammatory process involving innate and adaptive 

immune responses. PD is char- acterized by the host-mediated destruction of soft tissue caused by the induced 

production and activation of lytic enzymes and stimulated osteoclastogenesis. (3) . Although it is widely recognized 

that PD is chronic, the nature of the chronicity has not been established. It is uncertain whether PD is a continuous 

process or consists of episodes of exacerbation and remission.(2,3) Furthermore, the duration of the periods of 

exacerbation, if they exist, is not known. 

Cytokines are small glycoproteins produced by a number of cell types , predominantly leukocytes, that 

regulate immunity, inflammation and hematopoiesis. They regulate a number of physiological and pathological 

functions including innate immunity, acquired immunity and a plethora of inflammatory responses. The discovery of 

cytokines was initiated in the 1950s, but the precise identification of their structure and function took many years. The 

original discoveries were those of IL-I, IFN and nerve growth factors (NGFs); however, these cytokines were purified 

and given their names years later. Elucidation of the precise physiological, pathological and pharmacological effects of 

some of the cytokines is still in progress.The modern techniques of molecular biology were principally responsible for 

their complete identification and as a consequence, several hundred cytokine proteins and genes have been identified, 

and the process still continues (4,5,6). 
 

Cytokines are produced from various sources during the effector phases of natural and acquired immune 

responses and regulate immune and inflammatory responses. They are also secreted during nonimmune events and play 

a role unrelated to the immune response in many tissues. Generally, their secretion is a brief, self-limited event. They 

not only are produced by multiple diverse cell types, but also act upon many different cell types and tissues. Cytokines 

often have multiple effects on the same target cell and may induce or inhibit the synthesis and effects of other 

cytokines. After binding to specific receptors on the cell surface of the target cells, cytokines produce their specific 

effects. Multiple signals regulate the expression of cytokine receptors. The target cells respond to cytokines by new 

mRNA and protein synthesis, which results in a specific biological response (7,8,9).  



2 - Literatures of Review : 

2-1 : Innate immune response in periodontal disease 

               Histological examination of gingivitis or periodontitis lesions reveals that the          polymorphonuclear 

leukocyte (PMN) appears to play a key role in the maintenance of  the periodontal health (3). These cells are present in 

the junctional epithelium in large numbers and appear to wall off the underlying tissues from the bacterial biofilm. The 

presence of these PMNs is the result of the existence or generation of chemotactic factors in the gingival sulcus  and 

underlying tissues (4). Extra-oral infections and early severe forms of periodontitis frequently affect patients with 

diseases such as leukocyte adhesion deficiency and chronic or cyclic neutropenia. Molecular defects in PMNs, with a 

variety of functional consequences, result in accelerated periodontitis. The failure of PMNs to transmigrate into the 

endothelium results in an increase on the inflammatory response and reduces the protective response against 

periodontal pathogens (5). 

               Periodontal epithelium provides a physical barrier to infection and has an active role in the innate host 

defense, because the epithelial cells are in constant contact with bacterial products (6). In the presence of active disease,  

the epithelial migration causes a deep periodontal pocket resulting in bacterial invasion, inflammation and destruction 

of the connective tissue, with subsequent bone loss and possible tooth loss. The epithelium can participate in the 

infection by signaling further innate and acquired immune responses . Epithelial cells may also respond to bacteria by 

increasing their proliferation, by altering their cell signaling events, and by changing the cell differentiation and cell 

death and altering tissue homeostasis. Langerhans cells and dendritic cells of bone marrow origin that are located 

within the epithelium are a connecting link with acquired immunity. Langerhans cells in the epidermis and oral mucosa 

are responsible for communication with the immune system (7). 

                It is now recognized that epithelia throughout the body produces a diverse range of antimicrobial peptides in 

at least four families (α-defensins, β-defensins, cathelicidins, saposins) that have been found in humans (8). These 

peptides have been associated with saliva or are present in the dentogingival junction region. The oral sulcular pocket 

and junctional epithelia of the gingival are all associated with the expression of defensin, more specifically β-defensins 

hBD-1, hBD-2 and hBD-3 (6). The integrity of the epithelial barrier is specifically disrupted by different microbial 

pathogens that attack cell-cell junctions and thereby dissociate cells from each other (9). Families of natural antibiotic 

peptides or proteins are expressed in epithelia and by neutrophils. These proteins have an activity against Gram-

positive and Gram-negative bacteria, as well as against yeast and some viruses. These antimicrobial peptides function 

by associating with the anionic microbial surface, then aggregating to form pores or disrupt the microbial membranes, 

although new evidence potentially suggests additional cytoplasmic targets (10). These peptides complement the 

antimicrobial factors of saliva, such as the histatins, lyzozyme, and salivary immunoglobulins, having a specific role in 

the innate host defense in response to an infection (4) Fig (2,3). 

2-2  :Adaptive immune response in periodontal disease 

                The adaptative immune response is activated when the epithelial barrier, with its antimicrobial peptides and 

other components of innate systems, are breached (Fig. 1). Cytokines or interleukins are integral with this response and 

represent intercellular messengers . In agreement with Gemmell et al. (2), the immune response to infection is regulated 

by the balance between T helper (Th) 1 and Th2 cytokines. The differentiation of Th1 and Th2 T cell subsets is 

determined by a number of factors, including the antigen itself, antigen dose, route of administration, nature of the 

antigen-presenting cell and co-stimulatory molecules. IL-18, as a cofactor with IL-12, is recognized as a cytokine that 

is able to enhance the maturation of naïve T cells to Th1 cells (11). However, there is not a consensus about the 

Th1/Th2 immune response in periodontal disease. Some studies have shown a decrease in Th1 responses in 

periodontitis, while others have shown increased Th2 responses. However, other studies have indicated a dominance of 

the Th1 response over the Th2 response, with other studies showing a predominance of Th0 cells in periodontitis 



(12,13 ). This variable knowledge confuses the current understanding of the development and control of periodontitis 

Fig (3) . 

Fig (2-1 ) : Type of inflammatory cytokine 

 

             On the other hand, related to periodontal disease, Boyle et al. (14) suggested that the integrity of bone tissues 

depends on the maintenance of an equilibrium between bone resorption by osteoclasts and bone deposition by 

osteoblasts. The major regulatory mechanism of osteoclast activity seems to be performed by members of the TNF 

family of receptors, RANK (receptor activator of nuclear factor-β), osteoprotegerin (OPG), and the RANK ligand 

(RANKL). RANK is expressed on osteoclastic precursors and on mature osteoclasts, while RANKL, a transmembrane 

protein, is expressed particularly on osteoblasts under homeostatic conditions. Interactions between RANK and 

RANKL are required for the differentiation and activation of osteoclasts, an event regulated by OPG, which strongly 

inhibits bone resorption by preventing RANK-RANKL engagement (14). Both T and B cells are present in periodontal 

disease tissues. The infiltrate in the periodontal lesion consists of lymphocytes, macrophages, neutrophils and mast 

cells that migrate to the tissue, guided by the different concentrations of chemokines Fig (2,3) . 

2-3  : OSTEOIMMUNOLOGY IN PERIODONTAL BONE LOSS 

              Osteoimmunology is the interactions between the cellular and molecular components of the skeletal and 

immune systems. This section serves as an overview to the cell mediators and cells governing immune-related activities 

that affect bone loss associated with PD. Chemokines are a large family of chemotactic cytokines that stimulate the 

recruitment of inflammatory cells. They are produced by a number of cell types in the periodontium, such as 

fibroblasts, endothelial cells, macrophages, osteoclasts, epithelial cells, poly- morphonuclear leukocytes, monocytes, 

lymphocytes, and mast cells. Chemokines are divided into two major families based on the structure of the ligand; they 

are referred to as CC and CXC chemokines, whereas their receptors are referred to as CC chemokine receptor (CCR) 

and CXC chemokine receptor (CXCR). Some chemokines contribute to inflammation-induced bone resorption because 

they can stimulate one or more steps of bone resorption, including the recruitment, differentiation, or fusion of 

precursor cells to form osteoclasts or enhance osteoclast survival Chemokines could also affect periodontal bone loss 

by their role in recruiting cells, such as neu- trophils, which protect against bacterial invasion. A recent study22 

examined the role of the chemokine Fig (4,5) . 



 

Fig (2-2 ) : Factors involved in the severity of periodontitis 

 

 Fig (2-3 ) :Some mechanisms involved in periodontal disease. 



 

Figure (2-4 ) Cytokines and periodontal disease 

 



Figure (2-5 )  Periodontal disease osteoimmunology 

3-Result : 

              The immune inflammatory response in periodontitis is complex and involves both innate and acquired immunity. 

This diagram presents an overview of the effector molecules and effector cells in the pathogenesis of periodontitis based 

on our current understanding of disease pathways. BCA-1, B cell-attracting chemokine 1; CGRP, calcitonin gene-related 

peptide; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; GM-CSF, granulocyte– macrophage colony-stimulating 

factor; IFN-γ, interferon gamma; Ig-A, immunglobulin A; Ig-G, immunglobulin G; Ig-M, immunglobulin M; IL-1β, 

interleukin-1beta; IL-2, interleukin-2; IL-3, interleukin-3; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-

8, interleukin-8; IL- 13, interleukin-13; IL-17, interleukin-17; IL-22, interleukin-22; LPS, lipopolysaccharide; M-CSF, 

macrophage colony-stimulating factor; MAC, membrane attack complex; MCP-1, macrophage chemotactic protein-1; 

MDC, macrophage-derived chemokine; MMPs, matrix metalloproteinases; OPG, osteoprotegerin; PGE2, prostaglandin 

E2; RANTES, regulated and normal T cell expressed and secreted; SDF-1a, stromal cell-derived factor-1alpha; TARC, 

thymus and activation-regulated chemokine; TGF-β, transforming growth factor beta; Th1, T-helper 1 cell; Th2, T-helper 

2 cell; Th17, T-helper 17 cell; TIMP, tissue inhibitor of matrix metalloproteinases; TNF-α, tumor necrosis factor alpha; 

Treg T-regulatory cell. 

            Local and systemic inflammation With Microorganism  administered in animal lab . previous study and others 

demonstrated that repeated oral gavage administration of P. gingivalis induced alveolar bone resorption. However, 

whether this could be due to local inflammation of gingival tissue is still unresolved. Although serum IL-6 levels 

significantly increased in P. gingivalis-administered mice compared with sham-administeredmice, no difference of 

gingival inflammation, which was minimal, between P. gingivalis-administered and sham administered mice was 

observed (Fig. 1). 
 

    

(A)                                                                                              (B) 

Figure (2-6) : Systemic and local inflammation in P. gingivalis-administered and sham-administered mice (N 5 8 in each 

group). (a) Serum level of IL-6. All data are means6SD. Significant differences were observed between the P. gingivalis-

administered groups and the sham-administered group (***p, 0.001 , Mann-Whitney U-test). 

 (b) Histological findings of gingival tissues of P. gingivalis-administered and sham-administered mice. Sections of the 

periodontium around the disto-buccal root of the first molar were H-E stained. Right panels are magnified views of the boxed 

areas. No difference of gingival inflammation was observed between        P. gingivalis-administered and sham-administered 

mice. 

4 -Discussion : 



               Periodontal diseases usually refer to common inflammatory disorders known as gingivitis and periodontitis, which 

are caused by a pathogenic microbiota in the subgingival biofilm, including Porphyromonas gingivalis  , Aggregatibacter 

actinomycetemcomitans , Tannerella forsythia and  Treponema denticola that trigger innate, inflammatory, and  adaptive 

immune responses. These processes result in the destruction of the tissues  surrounding and supporting the teeth, and 

eventually in tissue, bone and finally, tooth loss. The innate immune response constitutes a homeostatic system, which is 

the first line of  defense, and is able to recognize invading microorganisms as non-self, triggering immune  responses to 

eliminate them. In addition to the innate immunity, adaptive immunity cells and characteristic cytokines have been 

described as important players in the periodontal disease pathogenesis scenario, with a special attention to CD4+T-cells (T-

helper cells). Interestingly, the T cell-mediated adaptive immunity development is highly dependent on innate immunity-

associated antigen presenting cells, which after antigen capture undergo into a maturation process and migrate towards the 

lymph nodes, where they produce distinct patterns of cytokines that will contribute to the subsequent polarization and 

activation of specific T CD4+ lymphocytes. Skeletal homeostasis depends on a dynamic balance between the activities of 

the bone-forming osteoblasts (OBLs) and bone-resorbing osteoclasts (OCLs). 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 cytokines. All these cytokines and inflammatory mediators 

are capable of acting alone or in concert, to stimulate periodontal breakdown and collagen destruction via tissue-derived 

matrix metalloproteinases, a characterization of the progression of periodontitis as a stage that presents a significantly host 

immune and inflammatory response to the microbial challenge that determine of susceptibility to develop the 

destructive/progressive periodontitis under the influence of multiple behavioral, environmental and genetic factors (17) . 

                 There are two common diseases affecting the periodontium. The first is gingivitis, which is defined as 

inflammation of the gingiva in which the connective tissue attachment to the tooth remains at its original level. The disease 

is limited to the soft-tissue compartment of the gingival epithelium and connective tissue (18). The second is periodontitis, 

which is an inflammation of the supporting tissues of the teeth with progressive attachment loss and bone destruction . Both 

diseases and their symptoms are very common in populations worldwide. In the USA, adolescents have gingivitis and signs 

of gingival bleeding, whereas 54% of the adult population in the USA exhibits gingival bleeding (19). Thirty-seven per cent 

of the adult population in the USA suffers from severe periodontitis . In both cases, the disease is associated with the 

accumulation of bacteria at the dento–gingival margin, while the causal relationship of specific organisms is not fully clear. 

The host responds to microbial challenge by generating an inflammatory cell infiltrate in the tissue subjacent to the 

periodontal pocket (20). 

 

Figure (4 -7) : Osteoclastogenesis and bone resorption induction through synthesizing interleukin-17  and RANKL 

                Diverse studies have analyzed the concentrations of RANKL and osteoprotegerin in gingival crevicular fluid of 

periodontitis patients and healthy subjects (21). In general, they show great variation from study to study, but the ratio of 

RANKL/osteoprotegerin has a consistent tendency to increase from periodontal health to periodontitis, and to decrease 



following periodontal treatment. The increased RANKL/OPG ratio may serve as a biomarker that denotes the occurrence of 

periodontitis, but may not necessarily predict ongoing disease activity(22) . 

 

5 - Conclusions : 

1 - The innate immune response constitutes a homeostatic system, which is the first line of defense, and is able to recognize 

invading microorganisms as non-self, triggering immune responses to eliminate them. 

2 - A few bacterial species in the subgingival biofilm have been associated with diseased periodontal tissues and identified 

as putative pathogens. It was concluded that there is strong evidence that P. gingivalis, A. actinomycetemcomitans and T. 

forsythia are periodontal pathogens when its presence is in sufficient numbers and in susceptible hosts. 

3 - Characterization of progressive lesions in chronic periodontitis patients has been controversial over time and 

mechanisms involved in protection versus destruction of the host´s periodontium are still not fully understood . 
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