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Dental Microbiology #211IMMUNOLOGY2006 Lecture 1
 The elements of the Immune System
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Topics
 • The Immune system• Consequences for the oral cavity• The Cells and Tissues • Innate Immunity• Adaptive Immunity• Antigens• Antibodies• The specificity of immune responses
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What is Immunology ?
 The study of how the body defends itself against foreign organisms such as bacteria, viruses, parasites and fungi, as well as against foreign non-invasive cells, tissues, molecules.
 Individuals who survive an infectious disease become resistant (immune) when exposed to the same infectious agent, but are fully susceptible to other infectious agents.
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Immunity in the oral cavity
 The oral cavity is the port of entry for many pathogens, food and drugs which can trigger an immune response.
 Transient components: Dead pathogens, allergens, food
 Persistent components: Live pathogens that colonize the oral cavity
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Oral cavity (contd)
 Distinct locations such as, tooth surface, tongue, oral mucosa gingival crevices have selective immune responses:
 Two distinct domains: Salivary and Gingival. Pathogens have developed mechanisms capable to subvert or inactivate the host immune system. Unchecked growth of pathogens can lead to deterioration or loss of oral function.
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The Immune system
 The Immune system is made up of a group of tissues and cells disseminated over the entire organism
 The main function of the vertebrate immune system is to recognize prevent the spread and clear the invading pathogenic organisms, from the body.
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The cells of the Immune System
 All cells of the immune system originate in the bone marrow from a common precursor called Pluripotent Hematopoietic Stem Cell (HSC).
 This stem cell gives rise to several lineages that will disseminate into the blood stream and in a number of specialized tissues called lymphoid tissues.

Page 8
                        

Cellular Elements Fig 1
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Cellular elements
 Lymphoid lineage: B and T Lymphocytes
 Myeloid Lineage:Common Granulocyte-Macrophage progenitor
 Polymorphonuclear cells or Granulocytes: Neutrophils, Eosinophils, BasophilsMonocytes (in blood), Macrophages (in tissues)
 Common Megakaryocyte-Erythrocyte progenitor: Platelets and Red Blood Cells
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Lymphoid Tissue
 There are two types of lymphoid tissues: Central and Peripheral. Central:Thymus and Bone marrowPeripheral:Spleen, lymph nodes, The Mucosal-associated lymphoid tissue (MALT) in the Respiratory (Bronchi) and Intestinal tracts (BALT and GALT)
 The bone marrow and thymus are called central lymphoid tissues because they represent the site of lymphocyte development and maturation. After maturation, the lymphocytes colonize the peripheral lymphoid tissues.
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Lymphatic Circulation
 The lymphatic circulation is an extensive system of vessels that collects fluid from the tissues and returns it to the blood. The fluid is called the lymph, and the vessels are called lymphatic vessels. The lymphatic vessels collect the lymph into a central vessel called the thoracic duct which releases the lymph into the blood stream via the left subclavian vein. The mature lymphocytes re-circulate between the blood, the lymph nodes, the lymphatic circulation and then back to the blood.
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The Immune system and Lymphatic Circulation Fig 2
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The Immune response operates along two arms: Innate and Adaptive
 Innate immunity is immediate, does not require previous exposure to the pathogenic organism and is non-specific.
 Adaptive immunity requires time for induction, and is specific. i.e Exposure to an infectious agent will render the host resistant to that agent but not to other unrelated organisms
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The innate immune system is made up of: I. Mechanical and chemical barriers such as 1. the skin2. the mucosal surfaces3. mucus secretion: protective and antibacterial
 substances, 4. enzymes: lysozyme in tears and saliva has
 powerful antibacterial properties5. the acidic environment of the stomach, skin,
 urine, seminal fluid, vaginaII. Phagocytic cells:
 the polymorphonuclear neutrophils and the monocytes, macrophages and dendritic cells
 III. The Complement system.
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Phagocytosis
 The invading microorganisms are usually prevented from spreading by the phagocytic cells which ingest and destroy them.
 The phagocytic cells are: the polymorphonuclear neutrophils, monocytes/macrophages and dendritic cells
 A local inflammatory response ensues with the associated recruitment of fresh phagocytic cells from the circulation.
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Inflammation
 Injured or infected tissues become inflamed as a result of phagocytic cell activation. The initial inflammatory response becomes amplified through the recruitment to the affected area of fresh phagocytic (inflammatory) cells from the circulation.
 The classical description of the inflammatory response: pain, redness, swelling and heat.
 The migration of inflammatory cells is associated with increase in capillary permeability and accumulation of fluid (edema) to the affected area
 The process whereby inflammatory cells cross the vascular endothelium is called diapedesis.
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Diapedesis Fig 3
 Phagocytic cell inserts a finger-like strucutre (pseudopod) between 2 endothelial cells
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The Complement
 A group of naturally-occurring plasma proteins produced mainly – but not exclusively- by the liver that play a major role in the killing and removal of pathogens. (To be discussed separately).
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Innate immunity in the oral cavity
 In the Salivary domain: innate immune components are mucins, lactoperoxidase lysozyme and complement
 In the Gingival Crevices domain the intact epithelium constitutes a barrier and is coverd by phospholipid granules that retard the movement and penetration of pathogens.The immune components are derived from the Gingival Capillary bed, and are made up of inflammatory cells and complement
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The Adaptive Immune Response
 The adaptive immune response requires time to be induced, is specific and has memory.
 The adaptive immune system is composed of:T and B lymphocytes and a group of specialized phagocytic cells called Antigen-presenting cells (APC). The Thymus-derived (T) lymphocytes are involved in defense against intracellular bacteria such as Mycobacterium tuberculosis and viruses, and in graft rejection
 The Bone marrow-derivde (B) lymphocytes are the cells that produce the antibodies.
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Antigens
 A substance capable of inducing an adaptive immune response is called an Antigen.In order to induce an immune response an antigen (Ag) must be foreign to the host.Microorganisms express a large variety of proteins carbohydrates and lipids that are foreign to the host. Red blood cells, proteins from other species, pollens, drugs, act as Ag.
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Antibodies
 Antibodies are glycoproteins produced by B lymphocytes after exposure of the host to an antigen.
 Antibodies are specific i.e. they react with, and bind to the antigen molecule that induced their production.
 Interaction between the antigen and antibody occurs both in vitro and in vivo
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Immune reactions are specific
 The notion of specificity can be explained in both chemical and geometric terms. Each antibody (Ab) molecule is specific for, and can interact only with one antigen (Ag) specificity. Eg: Ab produced in response to influenza virus type A will protect the host against the influenza A, but not against type B because strain A and B express different Ag specificities.
 If strain A and B viruses share some antigens in common, strain A and B are said to express cross-reactive Ag, and exposure to strain A will confer partial, but not full protection against an infection with strain B.
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