Periodontology Lecture 7

Last time we talked about periodontal microbiology, dental plaque and the different bacteria, their formation and composition, etc. we will talk about how the presence of these bacteria affects the periodontal tissues and causes their destruction.
Today we will talk about the process that occurs on a cellular level that leads to bone resorption (in periodontitis).

Cells of the immune system:
- Mast cells involved in immediate inflammation sudden release of many mediators that mainly cause vasodilation and vascular permeability.
- Dendritic cells  leukocytes with cytoplasmic projections; they are antigen presenting cells (APCs) that present phagocytosed foreign bodies to the adaptive immune system. They mainly express MHC II (Major Histocompatibility Complex 2) and other molecules that function in cell adhesion.
- Neutrophils, Monocytes and Macrophages constitute 2/3 of the different types of white blood cells. They have many functions; they are capable of phagocytosis and can be found in tissues and the blood stream, and they have receptors for the complement system and IgGs, they also release antibacterial enzymes within lysosomes during phagocytosis.
- Polymorphonuclear cells are found in tissues and the blood stream, the difference between PMNs and monocytes is the site of maturation; PMNs fully mature within the bone marrow, Monocytes are immature and due to that they have the capacity to change into different types of cells only outside the intravascular compartment. 
The Dr didn’t go through them all but said we should know them (from the slides).

- Lymphocytes (T Cells):
Functions  They are involved in the release of cytokines and they recognize antigens associated with MHC I or II, the difference between MHC I and MHC II  After phagocytosis (by a neutrophil for example) the antigen will be associated with MHC I or MHC II, then it will be expressed on the surface of the cell, depending on the type of molecule presenting the antigen we will either get a humoral immune response (antibody production associated with MHC II) or cellular immune response (associated with MHC I). These cells are responsible for the propagation of inflammation.

- B Lymphocytes:
They are also APCs, they transform into plasma cells and memory cells then they produce antibodies and cytokines (a wide range of inflammatory mediators which are secreted by different types of inflammatory cells, they are involved in the different processes of the immune response).

- Natural Killer cells (NKCs) (special subtype of lymphocytes):
They recognize antigens associated with MHC I (which gives a cellular immune response) and then they eat the cells.

Complement system:
Complement system is a set of 30 soluble or membrane associated glycoproteins, usually found in plasma. 
Functions:
1) They are Vasoactive.
2) Involved in Anaphylaxis.
3) Involved in Chemotaxis.
4) Involved in Opsonization (which makes it easy for the immune system to recognize foreign bodies, mainly for leukocytes in leukocytosis).
Opsonization is the process by which a pathogen is marked for ingestion and destruction by a phagocyte (Wikipedia).
Leukocytosis  the Dr meant phagocytosis by leukocytes; leukocytosis actually means a leukocyte white blood cells count.

The complement system is primarily activated by one of three pathways; Classical pathway, Lectin pathway and Alternative pathway; once activated it will function in one of the 4 functions listed above.

The classical pathway is mainly activated by antigen-antibody complexes.
The alternative pathway is mainly activated by pathogenous molecules such as LPS (Lipopolysaccharide which is an endotoxin).
Lectin pathway is activated by Lectin proteins/ Lectin associated proteins that bind on the pathogen’s surface (C1Q, C1R, C1S,etc  study these from the slides, the Dr read them).
All of these pathways are deeply intertwined and they activate each other.

Leukocytes:
Main functions:
1) Chemotaxis:
-Movement of leukocytes along a chemotactic gradient whether it is bacterial or host derived (it can be either one of them).
-They assume a polarized shape.
-They undergo rolling, margination, etc within the endothelial cells (as seen in the figure). Chemotaxis is initiated by up-regulation of different types of receptors (like ICAM) on the endothelial cell layer and on bacteria; then they bind to the walls of blood vessels, then they leave the blood vessels by diapedesis.   
2) Phagocytosis: the process by which cells ingest particles of size visible to the light microscope; we are not talking about small molecules, we are talking about ingestion of large particles and whole bacteria, after ingestion the killing mechanism is either oxidative killing or non-oxidative killing.
3) Antigen processing and presentation: once MHC molecules are formed CD4+ cells are activated (T Lymphocytes which have an antibody response/ humoral) and costimulation/up-regulation of other types of receptors (like ICAM and leukocyte adhesion molecules), all of these will lead to propagation of the inflammatory response giving an intense inflammation.
We divide the immune system to 2 categories; specific and nonspecific is an old classification, nowadays they are classified into innate immune system (already built in) and adaptive immune system (formed after encounters with antigens, also known as acquired immune system).
The old classification is not used anymore because the so-called non-specific immune system (now called innate immune system) is specific to a certain extent; it is specific enough to recognize certain structures (which are foreign) through receptors and activate a chain of reactions to counter the foreign body yet not specific enough to deal with and kill the foreign structures in the first encounter (opposite to what happens with produced specific antibodies).
Innate type of immune response includes phagocytosis, vasodilation and chemotaxis which are activated by specific proteins/molecular patterns recognition.
The receptors involved in the innate immune system that recognize bacteria in the first encounter are called toll like receptors (TLRs), examples include TLR4 and TLR2.

T lymphocytes can be of two main types; CD4 or CD8. CD4 cells have different types of cell molecules and thereby have a different route for activation of pathways. (CD8  cellular immune response)
In periodontal disease CD4 T lymphocytes are the predominant type of T lymphocytes; we end up with B cell dominated lesion when we have CD4+ cells because B cells are the cells responsible for the production of antibodies.

Depending on what type of cell we get whether it was TH1, TH2, TH 17, etc. and depending on what type of cytokines were released by the immune cells the naïve T cell differentiation and maturation will be determined.  
Each type of mature fully differentiated T cell has a certain group of cytokines responsible for its maturation after its activation.
The type of T helper cell produced will determine the type of immune response the body will express; T helper cells are involved in the regulation of immune response. (Read slide no. 29, the Dr talked about the immunological outcome of the effector t-cells).
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B lymphocytes and antibodies slide no. 30:
Plasma cells are involved in antibody production and usually most of the antibodies seen in periodontitis are IgG. The most effective type of immunoglobulin is IgM because it has the highest no. of binding sites (IgM is used in vaccination because of its superior effectiveness).
We mostly get IgG, it does induce an immune response but it has low biologic activity (this point was not explained)

This section was a revision of the immune cells and the immune response; Dr Murad strongly recommended that we study this part from the book.
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Microbial Virulence factors
They are factors that induce an immune response and cause destruction. 

1) LPS (Lipopolysaccharide):
-It is an endotoxin
-Usually found in the outer membrane of G-ve bacteria
-It is highly conserved in bacterial species; it is preserved and does not change over generations, the innate immune system is specific enough to recognize these particles and because they don’t change these preserved molecular patterns are always associated with the membranes of one or more of the offending organism/s these organisms can be detected and identified by the immune system. 
Patterns which are not preserved are identified and gotten rid of by the adaptive immune system after they are presented by the innate immune system
-Recognized by TLR-4
-P.gingivalis LPS is atypical in being recognized by TLR-2 and TLR-4 it gives a more intense inflammation
-Lipotechoic acid is present in G+ve bacteria instead of LPS

Most of the destruction that we see in periodontal disease is due to the immune response, not to the offending agent directly (bacterial toxins and enzymes, etc.).

One thought would cross one’s mind is why is the immune system acting stupid? One would think it is much smarter/efficient in us (as we are considered a highly evolved species)… from an evolutionary point of view, the immune system is not a conscious entity; the immune system‘s reaction to the stimulus (given off by bacteria and their byproducts) is protecting the individual host by trying to get rid of the cause! 
As we said before the teeth are the only structures that penetrate integuments, and at this front of bacterial attack there is an ongoing battle between the immune system and the offending agents, in periodontitis the patient will suffer from bone resorption until either the stimulus is removed (where bone resorption stops) or when the tooth/teeth is/are lost (which would terminate the course of periodontitis and the disease is cured).
Indeed one of the ways to cure periodontal disease is achieved by extraction of the tooth/teeth within the affected site.


2) Bacterial enzymes and noxious products that cause damage directly (where the host cells are damaged) or indirectly by potentiating the immune response.
These include:
1) Ammonia (NH3)
2) Hydrogen sulphide (H2S)
3) Butyric and propionic acid
	These are toxic to host cells but are not main processes by which tissue 	destruction happens in periodontal disease. 

P.gingivalis secrete certain types of proteases (which break down some matrix proteins), these proteases stimulate the immune system and help with the bacterial invasion process. The most effective of which is a special set of proteases known as Gingipains, these are secreted by P.Gingivalis.


Microbial invasion

Is microbial invasion a big part of periodontal disease?
Microbial invasion has been shown to take place mostly with AA (Aggregatibacter actinomycetemcomitans), some studies found AA within the connective tissues, and P.Gingivalis in lesser extent, and that’s why the treatment of some cases of periodontitis affected by AA (most commonly aggressive periodontitis) is systemic antibiotic administration. 

The fact that AA is in the green complex does not indicate that it is not aggressive or dangerous; a very complex statistical model was built to measure and document the bacterial complexes present in the tested sites.
Despite being classified into the green complex, AA meets all of the requirement s for a bacterial species to be considered as a periodontal pathogen (mentioned in the previous lecture).

Fimbriae: are proteinous structures that coat cells, they are fuzzy and P.Gingivalis has a special type of fibrae called FimA which is a very potent activator of the immune system and that is why it is considered as a virulence factor.
Fimbriae facilitates the attaahment of bacteria to tissues

Host derived inflammatory mediators:
- Cytokines
- Prostaglandins  found in cell membranes
- Matrix metalloproteinases (similar to proteases)

Cytokines are Soluble proteins that function as messengers that transmit signals between cells, binding to receptors initiates an intra-cellular signalling cascade resulting in altering gene regulation and ultimately affecting the cell phenotype and function.
Cytokines act as signals, they are soluble proteins and when they bind to receptors they change the pathway a cell is following to another pathway.
They are:
- Produced by many cells.
- They mainly act locally.
- They give +ve feedback; certain types of cytokines stimulate the release of other types of cytokines that inturn will also stimulate the release of other types of cytokines eventually the primary cytokines will be re-stimulated and so on. 
- Significant overlap and redundancy; each individual cytokine has more than one function and its functions overlap with the functions of other cytokines.

TNF alpha:
- Is secreted by activated macrophages
- Induces MMP secretion, development of osteoclasts, apoptosis of fibroblasts (which leads to lesser deposition of a matrix), leukocyte recruitment, stimulation of IL-1β & PGE2secretion.
PGE2 is very important in bone resorption.

Prostaglandins:
- Lipid compounds derived from the degradation of Arachidonic acid found in the cell membranes of most cells.
 - We have many types of prostaglandins, the most important of which is PGE2 because it activates MMPs and Osteoclasts.
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