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Nonspecific Defenses
 • Inflammation – Triggers a complex inflammatory response
 • Fever– A high body temperature
 • Increases body metabolism
 • Accelerates defenses
 • Inhibits some viruses and bacteria
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Nonspecific Defenses
 Figure 20–10 Nonspecific Defenses.
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Nonspecific Defenses
 Figure 20–10 Nonspecific Defenses.
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Nonspecific Defenses• Physical Barriers
 – Outer layer of skin
 – Hair
 – Epithelial layers of internal passageways
 – Secretions that flush away materials• Sweat glands, mucus, and urine
 – Secretions that kill or inhibit microorganisms• Enzymes, antibodies, and stomach acid
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Nonspecific Defenses
 • Two Classes of Phagocytes
 – Microphages• Neutrophils and eosinophils
 • Leave the bloodstream
 • Enter peripheral tissues to fight infections
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Nonspecific Defenses• Two Classes of Phagocytes– Macrophages• Large phagocytic cells derived from monocytes • Distributed throughout body• Make up monocyte–macrophage system
 (reticuloendothelial system)
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Nonspecific Defenses• Activated Macrophages – Respond to pathogens in several ways• Engulf pathogen and destroy it with lysosomal
 enzymes• Bind to pathogen so other cells can destroy it• Destroy pathogen by releasing toxic chemicals into
 interstitial fluid
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Nonspecific Defenses• Two Types of Macrophages
 – Fixed macrophages
 • Also called histiocytes
 • Stay in specific tissues or organs:
 – e.g., dermis and bone marrow
 – Free macrophages
 • Travel throughout body
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Nonspecific Defenses• Special Histiocytes – Microglia: found in central nervous system– Kupffer cells: found in liver sinusoids
 • Free Macrophages– Special free macrophages• Alveolar macrophages (phagocytic dust cells)
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Nonspecific Defenses
 • Movement and Phagocytosis
 – All macrophages
 • Move through capillary walls (emigration)
 • Are attracted or repelled by chemicals in surrounding
 fluids (chemotaxis)
 • Phagocytosis begins:
 – when phagocyte attaches to target (adhesion)
 – and surrounds it with a vesicle
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Nonspecific Defenses• Immunological surveillance is carried out by natural
 killer (NK) cells– Identify and attach to abnormal cell (nonselective)– Golgi apparatus in NK cell: forms perforin vesicles– Vesicles release proteins called perforins (exocytosis)– Perforins lyse abnormal plasma membrane– Also attack cancer cells and cells infected with viruses
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Nonspecific Defenses
 Figure 20–11 How Natural Killer Cells Kill Cellular Targets.
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Nonspecific Defenses
 Figure 20–11 How Natural Killer Cells Kill Cellular Targets.
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Nonspecific Defenses• Immunological Surveillance – Cancer cells • With tumor-specific antigens: – are identified as abnormal by NK cells– some cancer cells avoid NK cells (immunological
 escape)
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Nonspecific Defenses• Immunological Surveillance – Viral infections • Cells infected with viruses:– present abnormal proteins on plasma membranes– allow NK cells to identify and destroy them
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Nonspecific Defenses• Interferons – Proteins (cytokines) released by activated lymphocytes and
 macrophages• Cytokines– Chemical messengers released by tissue cells
 • To coordinate local activities• To act as hormones to affect whole body
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Nonspecific Defenses• Three Types of Interferons– Alpha-interferons
 • Produced by leukocytes
 • Stimulate NK cells
 – Beta-interferons• Secreted by fibrocytes
 • Slow inflammation
 – Gamma-interferons• Secreted by T cells and NK cells
 • Stimulate macrophage activity
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Nonspecific Defenses• Complement
 – Plasma contains 11 special complement (C) proteins
 • That complement antibody action
 – Complement activation
 • Complements work together in cascades
 • Two pathways activate the complement system:
 – classical pathway
 – alternative pathway

Page 20
                        

Nonspecific Defenses• Complement Activation: The Classical Pathway– Fast method: C1 binds to antibody molecule attached
 to antigen (bacterium)– Bound protein acts as enzyme• Catalyzes chain reaction

Page 21
                        

Nonspecific Defenses• Complement Activation: The Alternative Pathway– Slow method: exposed to antigen• Factor P (properdin)• Factor B• Factor D interact in plasma

Page 22
                        

Nonspecific Defenses• Complement Activation – Both pathways end with• Conversion of inactive complement protein C3• To active form C3b

Page 23
                        

Nonspecific Defenses• Effects of Complement Activation– Stimulation of inflammation– Attraction of phagocytes– Enhancement of phagocytosis by opsonization
 • Complements working with antibodies (opsonins)– Destruction of target plasma membranes
 • Five complement proteins join to form membrane attack complex (MAC)
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Nonspecific Defenses
 Figure 20–12 Pathways of Complement Activation.
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Nonspecific Defenses
 Figure 20–12 Pathways of Complement Activation.
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Nonspecific Defenses
 Figure 20–12 Pathways of Complement Activation.
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Nonspecific Defenses• Inflammation – Also called inflammatory response – A localized response– Triggered by any stimulus that kills cells or injures
 tissue

Page 28
                        

Nonspecific Defenses
 • Cardinal Signs and Symptoms – Swelling (tumor)– Redness (rubor)– Heat (calor)– Pain (dolor)

Page 29
                        

Nonspecific Defenses• Three Effects of Inflammation– Temporary repair and barrier against pathogens– Retards spread of pathogens into surrounding
 areas– Mobilization of local and systemic defenses• And facilitation of repairs (regeneration)

Page 30
                        

Nonspecific Defenses• Products of Inflammation – Necrosis• Local tissue destruction in area of injury
 – Pus• Mixture of debris and necrotic tissue
 – Abscess• Pus accumulated in an enclosed space

Page 31
                        

Nonspecific Defenses• Fever – A maintained body temperature above 37°C (99°F)– Pyrogens
 • Any material that causes the hypothalamus to raise body temperature:– circulating pathogens, toxins, or antibody complexes
 – Endogenous pyrogens = interleukin-1 (IL-1)– pyrogen released by active macrophages– a cytokine

Page 32
                        

Specific Defenses• Specific Defenses – Specific resistance (immunity)
 • Responds to specific antigens
 • With coordinated action of T cells and B cells
 – T Cells• Provide cell-mediated immunity
 • Defend against abnormal cells and pathogens inside cells
 – B Cells • Provide antibody-mediated immunity
 • Defend against antigens and pathogens in body fluids
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Specific Defenses• Forms of Immunity – Innate
 • Present at birth
 – Acquired • After birth
 – Active• Antibodies develop after exposure to antigen
 – Passive• Antibodies are transferred from another source
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Specific Defenses• Active Immunity – Naturally acquired• Through environmental exposure to pathogens
 – Induced• Through vaccines containing pathogens
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Specific Defenses• Passive Immunity – Naturally acquired• Antibodies acquired from the mother
 – Induced• By an injection of antibodies
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Specific Defenses
 Figure 20–14 Forms of Immunity.
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Specific Defenses• Four Properties of Immunity – Specificity
 • Each T or B cell responds only to a specific antigen and ignores all others
 – Versatility• The body produces many types of lymphocytes:
 – each fights a different type of antigen– active lymphocyte clones itself to fight specific antigen
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Specific Defenses• Four Properties of Immunity – Memory• Some active lymphocytes (memory cells):
 – stay in circulation– provide immunity against new exposure
 – Tolerance• Immune system ignores “normal” (self) antigens
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Specific Defenses• The Immune Response– Two main divisions• Cell-mediated immunity (T cells)• Antibody-mediated immunity (B cells)
 Immunity: Cell-Mediated Immunity
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Specific Defenses
 Figure 20–15 An Overview of the Immune Response.
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T Cells and Immunity• Cell-mediated immunity (T cells)– Cytotoxic T cells (also called TC cells)
 • Attack cells infected by viruses• Responsible for cell-mediated immunity
 – Helper T cells (also called TH cells)• Stimulate function of T cells and B cells
 – Suppressor T cells (also called TS cells)• Inhibit function of T cells and B cells
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