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Introduction 

The periodontium is the tooth-supporting organ. It comprises the periodontal ligament, the 

alveolar bone, the radicular cementum and the gingiva. The periodontal ligament is the 

soft connective tissue interposed between the root of each tooth and the inner wall of the 

alveolar socket. At the soft-hard tissue borders of the periodontal ligament, the principal 

periodontal ligament fibers are embedded in alveolar bone on one side and radicular 

cementum on the other side. Covering and protecting these structures, the gingiva forms 

the fourth component of the periodontium.  

 The periodontium can become inflamed; the mildest and most frequent 

inflammatory condition of the periodontium is gingivitis. Gingivitis is highly prevalent 

and readily reversible by effective oral hygiene. Gingivitis affects 50-90% of adults 

worldwide, depending on its precise definition (1). Inflammation that extends deep into 

the tissues and causes loss of supportive connective tissue and alveolar bone is known as 

periodontitis. Periodontitis results in the formation of periodontal pockets; these are 

deepened crevices between gingiva and tooth roots eventually leading to tooth loss. After 

the age of fifty, virtually all individuals may present with some mild periodontal 

destruction, one or two pockets deeper than 4 mm, or small gingival recessions. But the 

severe forms of periodontitis will only occur in approximately 10% of the adult population 

(2). Treatment of periodontitis includes mechanical removal of subgingival bacterial 

plaque with scalers, curettes or ultra-sonic devices and intensive oral hygiene instructions 

for the patient. A close to ideal oral hygiene is the only way to prevent formation of new 

dental plaque deposits and re-infection of the subgingival tissues.  

 
Fig. 1.1 Periodontitis is a multifactorial disease. 
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Periodontitis is a multifactorial disease. In the light of current knowledge, genetic factors 

represent the basis of susceptibility for periodontitis, and environment and lifestyle are 

major modifying factors (Fig. 1.1). Dental plaque is the major environmental factor. As 

dental plaque matures to a state that is associated with periodontitis, the number of Gram-

negative and anaerobe micro-organisms increases. Certain bacterial species have been 

often associated with disease, and intensively studied, including Aggregatibacter 

actinomycetemcomitans and Porphyromonas gingivalis (3). Several hundred different 

bacterial species colonize the subgingival tissues, covering the root surfaces and the 

epithelial lining of the pocket with a complex biofilm. A biofilm is a structured 

community of micro-organisms encapsulated within a self-developed polymeric matrix 

and adherent to a living or inert surface. Evidence is accumulating that the aggregated 

organisms in biofilms are not merely passive neighbors, but rather are involved in a wide 

range of physical, metabolic and molecular interactions (4). Dental biofilm pathogenicity 

in the oral cavity is magnified by two biofilm characteristics: increased antibiotic 

resistance and the inability of the community to be phagocytosed by host inflammatory 

cells.  

Smoking and emotional stress are lifestyle-associated factors that have been often 

incriminated as major disease-modifiers. Smokers are much more likely to develop 

periodontitis than non-smokers and smoking has a strong negative effect on the response 

to periodontal treatment and other oral surgical interventions (1). Traumatic life events 

that lead to depression or individual inability to cope with stress could increase the 

person’s risk for periodontitis, most likely due to adverse immune responses (5). 

 The periodontal immune response has been compared to a double-edged sword, on 

the one hand fighting microorganisms with which it comes into contact and, on the other 

hand, mediating injury to the host. Maintaining a balance between these two conflicting 

properties and the preservation of health is assured by proper immunoregulation. 

Therefore, knowledge of the immune response to periodontal pathogens is ultimately 

relevant for understanding pathogenesis of periodontitis.  

 

The immune response in periodontitis 

The local defense against pathogens from dental plaque is based on the integrity and 

activity of the epithelial lining, secretion of gingival crevicular fluid and saliva, and local 

inflammatory reactions. Subgingival accumulation of oral bacteria triggers inflammation 

in the periodontium. Inflammation is the response of the host to infection or other insults 
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and comprises a series of vascular reactions at the site of injury. The results of these 

vascular reactions are exudation of fluid and plasma proteins and recruitment of 

leukocytes to the site of injury. The goal of inflammation is confining the injury and 

initiating the immune response, through which the infection is eliminated and the injury 

repaired (6). 

Professional phagocytes, comprising polymorphonuclear neutrophilic leukocytes 

(PMNs) and monocyte/macrophage cells, play an important role in the host defense 

against bacterial infections, and, as such, play an important role in periodontal disease. 

The functional responses of the phagocytes to bacterial infections include chemotaxis, 

migration, phagocytosis, degranulation and reactive oxygen species generation. 

PMNs form the first line of defense, are the most abundant leukocytes in peripheral 

blood (50-65%) and are characterized by a segmented nucleus and a rich granular 

cytoplasm. The PMN granules contain large amounts of anti-microbial substances and 

enzymes. The primary (or azurophilic) granules contain myeloperoxidase (MPO), serine 

proteases (elastase, cathepsine G, and others), defensins and lysozyme. The secondary (or 

specific) granules contain collagenase, lysozyme, vitamin B-binding protein and lactoferin 

(7).  

PMNs have the ability of sensing and moving towards chemical signals, 

chemotaxins, generated at infectious sites. Among the chemotaxins recognized by PMNs 

are N-formyl-methionyl peptides from bacteria, C5a from complement and IL-8 from 

epithelial and other cells (8). Activated PMNs adhere to the vessel wall via selectins and 

integrins, leave the blood circulation, and migrate to the site of infection with the ultimate 

goal to phagocytose and kill pathogens. The bacterial killing by PMN takes place in a 

membrane-confined vacuole, the phagolysosome, formed after fusion of PMN granules 

with the bacterium-containing phagosome. The bacterial killing and digestion are 

accomplished via oxygen-dependent and oxygen-independent pathways. In the oxygen-

dependent the NADPH-oxidase system (residing in the cytosol) is activated and generates 

toxic oxygen species; in the oxygen-independent pathway, proteolytic enzymes stored in 

the granules are activated and released within the phagolysosome. In periodontitis, a 

hyper-production of proteolytic enzymes (9,10) and reactive oxygen species (11) has been 

documented and these may play a role in the host-derived destruction of periodontal 

tissues. 

In inflammation, PMNs arrive at the site of injury first followed by monocytes (6). 

Tissue macrophages differentiate from peripheral-blood monocytes. The monocytes, and 
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their progeny, the macrophages and the dendritic cells are important players in the 

pathogenesis of periodontitis. Various bacterial species in dental plaque are gram-negative 

and their LPS interacts with CD14 and Toll-like receptors inducing the production of 

cytokines and other mediators by macrophages or dendritic cells. A key cytokine in the 

monocyte-associated periodontal destruction is interleukin-1 (IL-1), which is capable of 

stimulating the collagenolytic and bone-destructive processes (12).  

Not only PMNs and monocytes/macrophages can interact with bacteria, platelets 

also have the ability to respond to infection. Activated platelets release anti-microbial 

peptides and chemokines such as platelet factor 4, RANTES (13), and expose pro-

inflammatory receptors, facilitating their binding to leukocytes and endothelial cells (14). 

Due to this interaction, leukocytes and endothelial cells increase the expression of 

adhesion molecules and various cytokines (15,16).  Bacteria-platelet interactions are made 

possible either directly through a bacterial surface protein or indirectly by a bridging 

molecule from plasma that links bacteria with platelet surface receptors. Gingipains, a 

family of cysteine proteases produced by the periodontal pathogen P. gingivalis, can 

directly activate platelets. Streptococcus sanguis was found to require immunoglobulin G 

(IgG) interacting with an IgG receptor (FcγRIIa) to mediate platelet activation (17). 

 

Recognition of bacteria by phagocytes: the receptors 

In general, phagocytes lack the ability to recognize bacteria, and instead, depend on 

opsonization. Opsonization is the process of coating of bacteria with plasma proteins in 

order to signal and facilitate phagocytosis. There are three identified mechanisms: I) the 

recognition of complement C3b by CR3 and CR4 (complement receptor 3 and 4); II) the 

recognition of antibodies by Fc receptors; and III) the recognition of lipopolysaccharide-

binding protein by CD14 (18).  

The PMN and monocyte complement receptors - CR3 (Mac-1; CD11b/CD18) and 

CR4 (p150,95; CD11c/CD18) recognize and bind particles that have been coated by the 

complement-derived opsonin, C3b.  

Phagocytes bind and recognize targets also via antibodies (immunoglobulins). 

Immunoglobulin G (IgG) is the predominant serum isotype during bacterial infections. 

IgG1 and IgG3 are produced in response to proteinaceous antigens (such as P. gingivalis 

hemagglutinin) and viruses; IgG2 is formed in response to the bacterial polysaccharides 

and outer membrane proteins of gram-negative periodontal pathogens (19). IgG molecules 
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contain two regions: one region (the Fab-domain) recognizes the pathogen, whereas the 

other region (the Fc-domain) activates the immune system. Depending on their expression 

on effector cells, FcγR exert different effects. Based on their affinity for monomeric IgG, 

three types of FcγR on phagocytes have been identified: FcγRI, FcγRII, and FcγRIII (20).  

FcγRI (CD64) is constitutionally highly expressed by monocytes and 

macrophages. Under resting condition, PMNs do not express FcγRI (21).  Expression of 

FcγRI on PMNs can be induced by stimulation with interferon-γ (IFN-γ) or granulocyte 

colony-stimulating factor (G-CSF) (22,23,24). FcγRII (CD32) is the most widely 

distributed FcγR, expressed on PMNs, platelets, eosinophils, basophils, lymphocytes and 

monocytes. There are several isoforms of FcγRII, with highly similar extracellular and 

transmembrane domains, but with different intracellular signaling motifs (25,26). FcγRIIa 

and FcγRIIc contain an immunoreceptor tyrosine-based activation motif (ITAM), thus 

they function as activating receptors. FcγRIIb, on the other hand, contains an 

immunoreceptor tyrosine-based inhibitory motif (ITIM), thus it is an inhibitory receptor 

(27,28).  PMNs and monocytes express both FcγRIIa and FcγRIIb (29,21). The balance 

between activating and inhibitory FcγRII can shift in inflammatory states. IFN-γ induces 

upregulation of FcγRIIa and concomitant downregulation of FcγRIIb, whereas interleukin-

4 (IL-4) can have the opposite effect (29). Two genes, FCG3A and FCG3B encode for 

FcγRIII. FcγRIIIa is expressed by monocytes and NK cells (30,31,32), whereas FcγRIIIb 

is solely expressed by PMNs and eosinophils (33). 

Genetic polymorphisms with consequences for the receptor affinities for IgG-

subclasses have been identified in FCG2A, FCG3A and FCG3B (34,35,36,21). At 

aminoacid position 131, FcγRIIa expresses either an arginine (R) or a histidine (H). The 

genetic variation in the FcγRIIa has functional consequences: the FcγRIIa-H131 variant 

binds human IgG2, whereas FcγRIIa-R131 does not (35). It has been speculated that this 

polymorphism may have important consequences for the pathogenesis of periodontitis 

(37). The polymorphism in FcγRIIIa yields either a valine (V) or a phenylalanine (F) at 

aminoacid position 158. This substitution results in an increased affinity for IgG1 and 

IgG3 of the FcγRIIIa-V158 variant (36,34). In the case of FcγRIIIb, the polymorphism 

involves 4 aminoacids, combined in the NA1 and NA2 variants (38). FcγRIIIb-NA1 binds 

IgG1 and IgG3 more efficiently than FcγRIIIb-NA2 (21).  

 Plasma-derived lipopolysaccharide-binding protein (LBP) and septin can directly 

opsonize Gram-negative bacteria by interaction with the lipopolysaccharide (LPS) that 
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forms part of the Gram-negative bacterial outer membrane (18). CD14 is an LPS co-

receptor and is mainly expressed on mature monocytes, macrophages and activated PMNs 

(39). Soluble CD14 (sCD14) can be released from blood monocytes or produced in the 

liver. Acting as a soluble LPS-receptor, sCD14 helps inducing responses in cells that 

naturally lack CD14, such as endothelial cells (40). Another role is the neutralization and 

clearance of LPS in Gram-negative infectious states (endotoxemic states). Acting as a 

decoy receptor for serum LPS, sCD14 prevents extreme pro-inflammatory responses from 

monocytes/macrophages (41). 

 

Periodontitis in relation to atherosclerosis and cardiovascular diseases 

Periodontitis shares its multifactorial character with other frequent diseases of the modern 

world, such as diabetes and cardiovascular diseases. Furthermore, it has been postulated 

that periodontitis and cardiovascular diseases have more in common than unfavorable 

lifestyle (such as smoking and stress), as epidemiologic studies identified periodontitis as 

a risk factor for future cardiovascular events such as stroke and myocardial infarction. In a 

meta-analysis cumulating the results from several studies investigating the relationship 

between periodontitis and coronary artery disease, presence of periodontitis associated 

with an increase of 19% in the risk for myocardial infarction (Fig. 1.2), compared to 

subjects without periodontitis (42); the risk increase was larger (44%) when only subjects 

<65 years old were considered. However, the underlying mechanisms of the link between 

periodontitis and cardiovascular diseases are still unclear. 

Atherosclerosis, which lies at the base of myocardial infarction and stroke, is now 

Fig. 1.2 Meta-analysis of nine studies on the impact of 
periodontitis for risk of future cardiovascular events (adopted 
from Janket et al., 2003). 
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also considered as an inflammatory disease (43). The atherosclerotic process is initiated 

when cholesterol-containing low-density lipoproteins accumulate in the intima and 

activate the endothelium. Leukocyte adhesion molecules and chemokines promote 

recruitment of monocytes and T cells. Monocytes differentiate into macrophages that 

accumulate intracellular lipoprotein, which leads to foam-cell formation. Intensified 

inflammatory activation may lead to local proteolysis, plaque rupture, and thrombus 

formation, which causes ischemia and infarction. Chronic infections with Chlamydia 

pneumoniae, Helicobacter pylori, cytomegalovirus (CMV) have been implicated in 

atherosclerosis by stimulating disease progression and possibly plaque activation (43). 

This activation could be due either to direct action in plaques or to remote signaling via 

inflammatory mediators. Similar mechanisms of action are conceivable in periodontitis, 

where chronic subgingival infection with periodontal pathogens is accompanied by 

transient, low-grade bacteremias during dental procedures or daily activities like tooth 

brushing or chewing (44,45). Moreover, a systemic inflammatory reaction is documented 

in periodontitis, with increased production of IL-1β, IL-6, C-reactive protein and tumor-

necrosis factor (TNF)-α (46,47). There is evidence of the presence of periodontal 

pathogens in atherosclerotic plaques (48). Therefore, direct or indirect priming of PMNs, 

monocytes and platelets by periodontal pathogens, leading to increased inflammation at 

sites of atherosclerotic activity, might be an important mechanism underlying the 

increased risk for CVD in periodontitis patients. 

 

General aim and outline of this thesis 

The general scope of this thesis was to characterize the reactivity of PMNs, monocytes 

and platelets against periodontal pathogens. The added knowledge will increase our 

understanding of some patho-physiological processes in periodontitis, and may explain 

inter-individual variation in clinical responses to pathogens. Moreover, this interaction is 

important to dissect possible pathways of the association between periodontitis and 

cardiovascular diseases, as endotoxemia, systemic exposure to periodontal pathogens and 

the induced systemic inflammation seem to be important (49,50). 

There is a need to incorporate host genetic diversity in functional studies in the 

pathogenesis of periodontitis. One aspect of the host-derived breakdown of periodontal 

tissues seems related to a hyper-reactive trait of PMNs (51,11). The nature of this hyper-

reactivity might be genetically-determined or derived from increased expression levels of 
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phagocytic receptors (e.g FcγR, complement receptor, CD14) in response to the pathologic 

processes accompanying periodontitis. The hypothesis that there are inter individual 

differences in phagocyte reactivity due to variations in phagocytic receptors led to three 

research questions. 

1. Does the PMN activation via FcγRIIa among periodontitis patients with different 

FcγRIIa genotypes (R/R and H/H) after stimulation with IgG-opsonized A. 

actinomycetemcomitans differ? (Chapter 2) 

2. Is the PMN and monocyte reactivity in periodontitis attributable to modified 

expression of FcγRI, FcγRIIa, FcγRIII, CR3 or CD14? (Chapter 3)  

3. Is periodontitis leading to increased sCD14 levels? (Chapter 4) 

 

Furthermore, we hypothesized that in response to transient bacteremic episodes of 

periodontal origin, PMNs, monocytes and platelets are primed in periodontitis patients. 

This priming would than be a part of the pathogenic processes linking periodontitis and 

cardiovascular disease. We analyzed the cellular response of PMNs, monocytes and 

platelets to the periodontal pathogens A. actinomycetemcomitans, P. gingivalis and T. 

forsythia. This interest materialized in two research questions. 

4. Are circulating platelets from patients with periodontitis more activated than 

control platelets? (Chapter 5) 

5. Do platelets, PMNs and monocytes from patients with periodontitis respond in a 

hyper-reactive fashion to periodontal pathogens compared to cells from 

periodontally healthy controls? (Chapter 6) 

 

Finally, Chapter 7 summarizes and interprets the main findings of the studies in the 

context of the research questions, and suggests new directions for future research. 

The chapters 2-6 of this thesis have been published as individual studies, thus some 

repetition, especially in the introductory sections, is inherent. 
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