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Introduction to Immunology
 Martin Liška

Page 2
                        

The immune system and its importance for homeostasis of
 organism
 • The immune system = a system of non-specific and specific mechanisms protecting the organism from damage caused by infectious factors of environment and providing surveillance of own structures (elimination of damaged and death cells)
 • The aim is maintenance of homeostasis and integrity of macroorganism
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Antigen
 • A substance recognized by immune system, which reacts to it
 • It originates from environment (exoantigen), or from own structures (autoantigen)
 • Ususally proteins or polysaccharides (lipids or nucleic acids only combined with proteins or polysaccharides)
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Mechanisms of immune system and their cooperation
 1/ Innate (non-specific) immune system
 - innate, not developed after the exposition to infection
 - uniform response, prompt, no immunological memory
 - mechanical barriers (mucosa, skin)- phagocytic cells (microphages, macrophages)- acute phase proteins (CRP)- complement system
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Mechanisms of immune system and their cooperation
 2/ Adaptive (specific) immune system
 - adaptability, developed after the exposition to infection
 - the immune response is not inherited, immunological response
 - B and T cells, immunoglobulins
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The components of immune system
 1/ Cells
 a/ innate immune system
 - neutrophils, eosinophils, basophils- macrophages- nature killer cells (NK cells)
 b/ adaptive immune system
 - lymphocytes
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The components of immune system
 2/ Organs
 - liver, skin etc.
 - primary lymphoid organs – bone marrow, thymus
 - secondary lymphoid organs - spleen, lymph nodes, mucus associated lymphoid tissue (MALT)
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The components of immune system
 3/ Substances
 - The complement system
 - Cytokines – molecules which ensure the communication between the components of immune system (e.g.IFN, IL, growth factors)
 - Acute phase proteins (CRP, MBL)
 - Hormones (immunostimulatory/immunesuppressive effects)
 - Immunoglobulins
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The immune system of mucosa and skin
 1/ Mucosa
 - intact surface, clearance of surface (microcillia, saliva, tears, urine)
 - lysozyme
 - IgA
 - lymphoid tissue of mucosa (MALT)
 - macrophages (dendritic cells)
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The immune system of mucosa and skin
 2/ Skin
 - intact surface
 - lipid barrier (eczema)
 - immunocytes of the skin (e.g. Langerhans cells)
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Non-specific immune mechanisms
 1/ Barriers
 - see above (skin, mucosa)- secretions (fatty acids, HCl, lysozyme)
 2/ Various physiological mechanisms
 - body temperature- hormones
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Non-specific immune mechanisms
 3/ Phagocytosis
 - the process by which particular substances or cells are ingested and destroyed by specialized cells
 - neutrophils, macrophages (monocytes, tissue macrophages)
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Non-specific immune mechanisms
 3/ Phagocytosis
 diapedesis → chemotaxis → ingestion → phagosome → phagolysosome → intracellular destruction
 The mechanisms of i.c. destruction:
 a/ oxygen-independent
 - granules (myeloperoxidase, lysozyme, lactoferrin, alkaline phosphatase)
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Non-specific immune mechanisms
 The mechanisms of i.c. destruction:
 b/ other enzymatic systems - defensins (cationic proteins)- NO synthase (IFN-
 c/ oxygen-dependent
 - NADPH oxidase system → generation of agressive oxygen products (hydrogen peroxide, superoxide, singlet
 oxygen)
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The complement system
 • A complex of at least 20 serum proteins, which, once activated, acts like a part of the innate immune defense
 • The complement components are present in serum in inactive form
 • The complement is activated in a cascading manner
 • Complement proteins are synthesized mainly in the liver, but tissue macrophages and fibroblasts can synthesize some complement proteins as well
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The complement system
 • C1-9
 • Factor B, D
 • Properdin
 • Regulatory proteins (C1-inhibitor, factor I)
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The complement system
 3 pathways of complement activation:
 1/ Classical – activated by the complex of an antigen and antibody
 2/ Alternative – activated by reaction of C3b with foreign surfaces (e.g. lipopolysaccharides of distinct microbes)
 3/ Lectin – activated by binding of MBL to the microbial surface
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The complement system
 C3 convertase is all 3 pathways:
 → anaphylatoxins (C3a, C4a)
 → the factors of chemotaxis (C5a)
 → opsonins (C3b)
 → MAC
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The function of complement system
 • Inflammation (degranulation of mast cells, chemotaxis, increased vascular permeability, diapedesis, activation of polymorphonuclears, NK cells and macrophages)
 • Clearance of immunecomplexes
 • Lysis of the cells (G- bacteria, Protozoa)
 • Neutralization of viruses
 • Opsonization
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The complement system - regulation
 • Some serum proteins enzymatically attack complement components, thereby inactivating them (factor I inactivates C3b)
 • Some serum proteins bind to, and thus inhibit, complement components (C1-INH inhibits C1; C1-INH deficiency → HAE episodes of local edema)
 • Regulatory proteins in cell membranes (DAF (decay-accelerating factor) → the inactivation of C3b and C4b)
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The immunological mechanisms of inflammation - local
 • Activation of haemocoagulation → synthesis of kinins (e.g.bradykinin) → vasodilation, ↑vascular permeability → oedema, pain
 • Cell mediated response – acute (neutrophils), chronic (macrophages, lymphocytes) → tumor etc.
 • Healing – restoration of tissue architecture, scare tissue development
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The immunological mechanisms of inflammation - systemic
 • Fever (IL-1, TNF)
 • Leucocytosis (IL-1)
 • Production of acute phase proteins
 • Complement system activation
 • Specific response (production of antigen-specific antibodies and T cells)
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Adaptive immune mechanisms
 1/ Humoral
 - generation of antibodies (Ig) – B cells (plasma cells)
 - in majority of antigens, the cooperation with T helper cells is necessary
 2/ Cell-mediated
 - generation of antigen-specific T cells (helper, cytotoxic)
 - antigen presentation is necessary
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Adaptive immune mechanisms
 • Antibodies → neutralization and opsonization (specific „adapter“) of microbes, complement system activation
 • T cells → cytotoxic effects to microbes, help for B cells, macrophages activation, cytokines
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Innate/adaptive immune mechanisms
 • Innate (non-specific) immune system: prompt reaction x less effective, less directed
 • Adaptive (specific) immune system: slower development of reaction x more effective, more directed, immunological memory
 • Both systems cooperate (complement system is activated by IC, cytokines recruit other cells to the site of reaction, antigen presentation)
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