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Immunology – Molecular regulation of the immune system - Introduction -
 Monika Raulf
 Lecture 19.04.2017
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Molecular medicine - Immunology
 *Workshop character
 Date Topic Lecturer
 19.04.17 Introduction Raulf
 26.04.17 Innate Immunity Peters
 03.05.17 Antigen presentation Peters
 10.05.17 T-cell biology Raulf
 17.05.17 B-cell biology & Antibodies Raulf
 24.05.17 Complement-System* Raulf
 31.05.17 Signal transduction in Immune cells Gnipp
 07.06.17 Pfingstferien/Whitsun holiday ---------
 14.06.17 Immune cell traffic Gnipp
 21.06.17 Immune response to pathogens Nietsche
 28.06.17 Manipulation of the immune response* Peters
 05.07.17 Allergy & Autoimmunity* Peters
 12.07.17 Immunological methods* Peters
 19.07.17 Revision course Raulf
 Monika Raulf 2
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For your credit, what is necessary?
 MSc: Regular participation Oral presentation of a workshop theme Exam (30 min) BSc: Regular participation Exam (30 min)
 Monika Raulf 3
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What is immunology?
 Immunology is the science of the biological and
 biochemical essentials of the defence
 mechanisms, which protect the human body
 by contact with pathogens and toxins.
 Monika Raulf 4
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Agenda I
 • Introduction; Anatomy of the immune system
 • Innate and acquired immunity
 • Immunological methods
 • Antigen presenting cells
 • T-cells (development and TCR)
 • Complement system
 Monika Raulf 5
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• Antibodies/B-cells
 • Allergy and autoimmunity
 • Immunology of infection
 • Tumor immunology and transplantation
 Agenda II
 Monika Raulf 6
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Tasks of the immune system Protection of the body against damaging influences
 Establishment of a powerful defense
 Monika Raulf 7
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What is the immune system? Decentralized barrier
 immunis (lat.) = free, untouched The immune system is no single organ. It consists of specialized cells in blood and tissue, organs and a vascular system.
 • primary lymph organs Bone marrow Thymus
 • secondary lymph organs Lymph node Appendix Spleen Nasal polyps Tonsils
 Monika Raulf 8
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Proceedings/milestones of immunology I 1796 Edward Jenner
 (brit. physician)
 Monika Raulf 9
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1796 Edward Jenner (brit. physician) used the cowpox virus for an efficient smallpox vaccination.
 Monika Raulf 10
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Proceedings/milestones of immunology II 1822-1895 Louis Pasteur developed vaccines against chicken cholera, anthrax and hydrophobia/canine madness. 1843-1910 Robert Koch detected the pathogens of tuberculosis, cholera and anthrax (Nobel Prize 1905), Koch´sche postulates
 1845-1916 Elie Metschnikow (rus.) detected phagocytic cells; Nobel Prize 1908 together with Paul Ehrlich; about their studies on “Immunity” Monika Raulf 11
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1890-1902 Emil von Behring and Shibasaburo Kitasato described antibodies in blood of immunized patients (Nobel Prize 1901) (“Circulating antitoxins against diphtheria and tetanus toxins”). 1901 Karl Landsteiner detected the A/B/0 blood group system (Nobel Prize 1930). 1906 C.P. von Pirquet created the term „Hypersensitivity/Allergy“. 1910 Ludwig Hirszfeld and Emil von Dungern – Genetic of the immune system/heredity of the blood groups. 1913 Charles Richet – Anaphylaxis (Nobel Prize).
 Proceedings/milestones of the immunology III
 Monika Raulf 12
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1936 Peter Gorer – Study to the transplant shedding (MHC-/H-2-antigens) ⇒ „Birth“ of the cellular immunology. 1957 Frank Macfarlane Burnet described the clone selection theory as central principle of the adaptive immunity; immunological tolerance (Nobel Prize 1960 together with Peter B. Medawar).
 1966 Detection of IgE; Kimishige and Teruko Ishizaka
 1960-1970 Research and detection of the „lymphokine/cytokine“ (Stanley Cohen together with Rita Levi-Montalcini Nobel Prize 1986 for the detection of NGF and EGF; Cohen suggested 1974 the term „Cytokine“).
 Proceedings/milestones of the immunology IV
 Monika Raulf 13
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1975 Georges Köhler, César Milstein and Niels K. Jerne – implementation of monoclonal antibodies (hybridoma formation) (Nobel Prize 1984).
 1974 Rolf Zinkernagel – Description of the MHC- restriction for the T-cells antigen recognization (Nobel Prize 1996).
 1985 Tonegawa Susumu– Identification of the immunoglobulin – genes and antibody diversity (1987 Nobel Prize).
 Sune Bergström, Bengt Ingemar Samuelsson, John Robert Vane Detection of prostagladines (Nobel Prize 1982) .
 Proceedings/milestones of the immunology V
 Monika Raulf 14
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Recognition and inactivation of the pathogens (viruses, bacteria, fungi, protozoa and worms) penetrated in the organism or their toxins.
 Recognition and killing of virus infected somatic cells.
 Recognition and killing of cancer cells.
 Tasks of the immune system I
 Phagocytic cell Phagocytic cell engulfs the virus
 Demolition of the virus in the phagocytic cell
 Monika Raulf 15
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Basic features to fulfil the tasks:
 • Determination between „self“ and „foreign“ material
 • Determination between „harmless“ and „potential harmful“
 Tasks of the immune system II
 Monika Raulf 16
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Development of the immune system
 The ability to distinguish self and foreign enables the integrity of the living body (education already very early in the evolution).
 Self-tolerance
 Monika Raulf 17
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Advantage Disadvantage Protection against infections by:
 • Bacteria • Viruses • Fungi • Parasites
 Vaccination
 Mistakes of the immune defence:
 • Innate or acquired immunodeficiency • Tumour disease • Autoimmune disease • Allergies
 Transplantations
 Monika Raulf 18
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Range of the infecting agents, which attack the immune system
 Worms Tapeworm Roundworm
 Schistosoma Filariae
 Protozoa Amoeba Leishmania Trypanosomes Malaria
 Fungi Aspergillus Candida
 Bacteria Mycobacteria Staphylococci Rickettsia Chlamydia Mycoplasma
 Viruses Pox Influenza Polio
 Monika Raulf 19
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Mechanical/chemical and microbial barriers
 e.g. of skin, gut, lung, eyes, nose, oral cavity Symptoms like cough, sneezing, vomiting, diarrhoea
 The defence line
 Innate immunity
 Monika Raulf 20
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Surface epithelia provide mechanical, chemical and microbiological barrier to infection
 • The normal microorganism flora competes for nutrients and binding sites on epithelial cells and is able to synthesize antibacterial substances
 microbiological
 • Fatty acids (skin) • Enzymes: Lysozyme (saliva, sweat, tears), Pepsin (bowel/gut) • low pH-value (stomach) • antibacterial peptides; defensins (skin, gut), cryptidins (gut)
 chemical
 • by tight junctions connected epithelial cells • Air- or fluid flow along the epithelia • Mucus flow by cilia
 mechanical
 Inner epithelia barriers against infections
 Monika Raulf 21
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Immune response: defence reaction to exogenous substances
 Innate immunity
 Acquired/adaptive immunity
 Occurs without previous contact to the extrinsic substance, organism or tissue
 An initial first contact to the exogenous substance is necessary
 ⇒ „Learning impulse“
 Monika Raulf 22
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Possibility to get sick in the case of an infection – yes or no?
 Disease
 unspecific immune system
 innate immunity
 Recovery
 adaptive immune system
 No disease
 Re-infection
 specific immunological
 memory
 Infection
 Monika Raulf 23
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Innate Immunity ⇒ Natural/mechanical barriers Skin, mucus movement via cilia (air- or fluid-flow along the epithelia; normal gut flora)
 ⇒ Chemical barriers • proteolytic enzymes in body fluids • digestive enzymes, lysozyme in salivary fluid, in tear fluid • low pH-value in the gut
 ⇒ Two „key player“-celltypes monocytes/macrophages + granulocytes → endocytosis
 ⇒ Complement system Monika Raulf 24
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Frontline 2. Line of defence Phagocytes
 Macrophages (in the tissue (mononuclear))
 • long lasting • via activation cytokines* and other mediators are released, attraction of other cells, e.g. neutrophile granulocytes
 Neutrophile granulocytes = PMN=polymorphonuclear neutrophils (just in blood, not in tissue)
 *important for local inflammatory reactions and mediation of the induced, not-adapted reaction
 • short survival
 (Development)
 Monocytes (in blood)
 Monika Raulf 25
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Advantages of the innate immunity
 → relative unspecific
 → clear differentiation between self and foreign
 → fast
 → first frontline
 Monika Raulf 26
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Acquired/adaptive immunity
 → mammal and birds reached the highest development stage
 → specific directed against the exogenous antigen
 → two systems
 humoral • Immunglobulins
 cellular • T-cell mediated
 • cytokines
 Monika Raulf 27
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Key player of the adaptive immune response
 T-cells
 T-cells just recognize antigens, which are presented on the cell surfaces.
 Proceedings that take place:
 • Antigen processing, formation of peptide fragments, production of TCR-ligands • Antigen presentation common with MHC
 Components thereby are:
 • APC with MHC-molecules
 • T-cell receptor (TCR)
 Monika Raulf 28
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Nonspecific and specific immune system
 Lymphocytes; (T- und B-cells) Phagocytes (macrophages, neutrophile), NK-cells
 Cell-mediated (cellular) defence
 Antibodies, cytokines of the lymphocytes (interleukin and interferon γ)
 Complement, lysozyme, cytokine of APC (interferon α and β, TNF-α)
 Soluble (humoral) factors
 The susceptibility decreases in the case of repeated infection (immunological memory)
 The susceptibility does not decrease in the case of repeated infection
 Repeated infection
 Adaptive or acquired immunity Innate Immunity
 Monika Raulf 29
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Cellular defence
 Polymorphic neutrophils
 1) Phagocytic cells: • Neutrophile granulocytes (60-70%) → Bacteria
 2) NK-cells (natural killer cells)
 • Monocytes (→ macrophages) (5%) • Eosinophile granulocytes (1.5%) → Parasites
 Monika Raulf 30
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Phagocytosis, activation of anti bacterial mechanisms
 Mortification of (by antibodies marked) parasites
 Monika Raulf 31
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Like mast cells, to find in blood
 Release of granule, which contain e.g. histamine and other active substances
 Monika Raulf 32
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Phagocytosis and activation of anti bacterial mechanisms Antigen presentation
 Antigen admission in the periphery Antigen presentation in the lymph node
 Monika Raulf 33
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NK-cells: natural killer cells
 Function Release of lytic granule, which can kill virus-infected cells and tumour cells
 • ~ 10% of all lymphocytes in blood are NK-cells • NK-cells: kill cells, which bear no, extrinsic, just a few or altered MHC I-molecules (inhibitory signals by intact MHC I) • Activating signals based on e.g. carbohydrate-structures of cells („Killer-receptors“ or C-type-lectin) • NK-cells are activated by macrophage cytokines (IL-12, TNF-α) or interferon (α and β) γ
 Monika Raulf 34
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Development of the blood cells
 All cells of the blood derive from one common precursor cell (haematopoietic stem cell), which can develop to a lymphoid precursor cell or to a myeloid precursor cell.
 Bone marrow
 Bone marrow
 common lymphoid progenitor
 common myeloid
 progenitor
 granulocyte/ macrophage progenitor
 megakaryocytes/ erythrocyte progenitor
 mega-karyocyte
 erythro-blast
 pluripotent hematopoietic stem cell
 Monika Raulf 35
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Lymphatic Organs Lymphatic organs (structured tissue of lymphatic and non-lymphatic cells):
 • Development of the lymphocytes • Preface of the adaptive immune response • Survival of the lymphocytes
 Lymphatic organs are separated into: • central (primary) lymphatic organs as location of development of the lymphocytes. • peripheral (secondary) lymphatic organs (Preface of the adaptive immune response).
 Monika Raulf 36
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Primary lymphatic organs
 • B-cells arise and mature in the marrow (bone-marrow).
 • T-cells arise in the marrow but mature first in the thymus.
 • Matured B- and T-cells move over the blood into the secondary lymphatic organs, where they encounter the antigens.
 Antigen = initially: antibodies generating
 now: Inducer of an adaptive immune response
 Monika Raulf 37
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Specific disease – adaptive immune response
 Antigen
 Antigen presenting cell (APC)
 Exposure Infected cell
 cellular
 Presentation
 T-helper cell Stimulation
 Cytotoxic T-cell
 Stimulation
 B- and T-memory cells
 humoral
 B-cell Stimulation
 Presentation
 Lysis of infected cells and tumour
 cells
 Development and release
 Antibodies
 Monika Raulf 38
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Macroskopic site of the thymus
 Children Adults
 Tracheaa Thyroid
 Lung Thymus
 Heart
 Diaphragm
 Liver
 Monika Raulf 39
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Secondary lymphatic organs No matter where the pathogens penetrate, antigens and lymphocytes meet each other in the secondary lymphatic organs: • Lymph node • Spleen • lymphatic tissue of the mucous membranes:
 Gut-associated lymphatic tissue (gut-associated: GALT): pharyngeal tonsils, palatal tonsils, appendix, Peyersche plaques (small intestine) Bronchia-associated lymphatic tissue BALT (Mucosa-associated lymphatic tissue MALT) in the respiration epithelia and other mucous membranes
 Monika Raulf 40
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Construction of the spleen
 Red pulp: Degeneration of red blood cells (ca. 1011/day)
 White pulp: B- and T-cells
 Monika Raulf 41
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Infection directly: 0-4 hrs
 Recognition by unspecific effectors
 Extraction of the pathogens
 Infection early: 4-96 hrs
 Attraction of effector cells
 Recognition, activation of effector cells
 Infection late: >96 hrs
 Recognition by naive B- and T-cells
 Transportation of antigens to the lymph organs
 Clonale expansion and differentiation
 to effector cells
 Renewed infection
 Recognition by existing antibodies
 and T-cells
 Renewed infection
 Recognition by B-memory cells and T-
 cells
 Quickly expansion and differentiation
 to effector cells
 Immunological processes at an infection
 Monika Raulf 42


                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Immunology, Immune Response, and Immunological Testing

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Introduction to Immunology and immune system

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            IMMUNOLOGY BASIC IMMUNOLOGY IMMUNE PATHOLOGY Árpád Lányi....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            INTRODUCTION TO IMMUNOLOGY 1. Immunology - scientific...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Immunology – Molecular regulation of the immune system ·...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Transplantological immunology. Immunology of reproduction......

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            IMMUNE SYSTEM AND IMMUNOLOGY -...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Immunology vs. Serology Immunology –Study of immune system...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            IMMUNE SYSTEM AND IMMUNOLOGY

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Immunology 102 - The adaptive immune response -. Overview.

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Immunology and Homeopathy. 2. Cells of the Immune System and...

                                            
                                                
                                                    Category: 
                                                    Health & Medicine
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Medical ImmunologyDEPARTMENT OF IMMUNOLOGY 1  Immune system....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
        
    
    















