Lecture Outline 7

Physiology 1 - PB3203

Course Director: James B. Parker

Dr. Robyn Strader

Resistance of the Body to Infection:

II. Immunity and Allergy

Guyton & Hall, chap. 34

OBJECTIVES:

1.  The student should be able to describe innate and acquired immunity.

2. The student should be able to describe the stimulation, origin, and function of the antibodies.

3. The student should be able to list and describe the role of the lymphocytes in the process of immunity.

4. The student should be able to describe the role of passive and active immunity.

Resistance of the Body to Infection:

II. Immunity and Allergy

I. Immunity
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immunity - ability to resist almost all types of organisms or toxins that tend to damage the tissues and organs

    B. innate immunity: resistance to many diseases of animals

        1. phagocytosis by WBC's and the tissue macrophage system

        2. destruction by acid and digestive enzymes

        3. skin resistance to invasion

        4. chemical compounds of blood

            a. lysozyme

            b. basic polypeptides (against gram+ bacteria)

            c. complement complex (20 proteins)

            d. natural killer lymphocytes

B. acquired immunity - ability to develop immunity
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        1. antibodies = humoral immunity or B-cell immunity

            a. globulin molecules

            b. attack invading agent

            c. antibodies are produced by B-lymphocytes

            d. formed in lymphoid tissue

        2. activated lymphocytes = cell-mediated immunity or T-cell immunity

            a. activated lymphocytes are T lymphocytes

            b. formed in lymphoid tissue

        3. "vaccination"

    D. acquired immunity is stimulated by antigens

        1. proteins or large polysaccharides

        2. > 10,000MW

        3. epitopes - molecular group on the surface of the large molecule

        4. haptens - small MW, combines with antigenic substance to elicit immune response (ex. drugs, constituents in dust, dander of animals, scaling skin, chemicals, toxin of poison ivy, etc.)

I. Lymphocytes
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    A. basis of acquired immunity

    B. acquired immunity compromised with ¯ lymphocytes

    C. lymphocytes essential for survival

    D. located in lymph nodes - derived from pluripotent hemopoietic stem cells

    E. lymphoid tissues

        1. spleen

        2. submucosal areas of the gastrointestinal tract

        3. bone marrow

        4. tonsils

        5. adenoids

        6. thymus

    F. T lymphocytes

        1. cell-mediated immunity

        2. originate in bone marrow & migrate to thymus

        3. activation to antigens occurs in thymus

        4. migration to lymph tissue after activation in thymus

        5. T cells are tested for action against self-antigens before leaving the thymus gland

        6. most preprocessing of T cells occurs before and shortly after birth

    G. B lymphocytes

        1. antibodies

        2. humoral immunity

        3. migrate to:

            a. liver (mid-fetal life)

            b. bone marrow (late fetal life and after birth)

        4. migrate to lymph after preprocessing in liver and bone marrow

III. Activating a clone of lymphocytes
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        1. react with specific antigen

        2. stimulates activation process

    B. T lymphocytes - T-cell markers = surface receptor proteins
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        1. react with specific antigen

        2. stimulates activation process

        3. T helper cells secrete specific substances (lymphokines) that stimulate B-lymphocytes

    C. macrophages

        1. digests antigens

        2. pass antigens to lymphocytes

        3. secrete interleukin-1 (promotes the growth and reproduction of specific lymphocytes)

    D. Memory cells

        1. dormant until activated by antigen

        2. circulate to populate lymph tissue with memory cells

        3. increases potency and duration of secondary response
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    E. antibodies
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        1. gamma globulins = immunoglobulins

        2. 160,000 -970,000 MW

        3. 20% of plasma proteins

        4. composed of light and heavy polypeptide chains light chain

        5. variable portion

            a. different for each specificity of antibody

            b. attaches specifically to a particular type of antigen

        6. constant portion

            a. determines diffusivity through tissues

            b. adherence to antigen

            c. attachment to the complement complex

        7. antibodies are specific for antigens

        8. classes:

            a. IgM

                1. largest Ig (molecular mass + 900,000 daltons)

                2. circular pentameric arrangement

                3. 5-10% of Igs

                4. localized in the blood

                5. first response to antigenic challenge

            b. IgG

                1. bivalent antibody

                2. 75-80% of antibodies in normal person

                3. found in blood and extravascular spaces

                4. secondary immune response

                5. precipitates:

                    a. antibodies

                    b. virus-neutralizing antibodies

                    c. hemagglutinins

                    d. hemolysins

                    e. activators of the classical complement pathway

            c. IgA

                1. exists as a dimer (most often), monomers, and polymer

                2. second most abundant Ig

                3. 10-15% of Ig

                4. larger than IgG

                5. synthesized by plasma cells in the epithelium of the respiratory and GI tracts, and most excretory glands

                6. first line of defense on mucosal surfaces

            d. IgD

                1. monomer with the lowest molecular mass

                2. only trace amounts are found in serum

                3. surface Ig on blood lymphocytes

                4. may have lymphocyte activation and suppression activity

            e. IgE

                1. slightly larger than IgG and IgA

                2. involved in allergy

                3. large share of antibodies formed during primary allergic response

                4. attaches to mast cells and basophils

                5. mediates allergic reactions and plays role in the response to parasitic infections

    F. mechanism of action

1. direct attack
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            a. agglutination

            b. precipitation

            c. neutralization

            d. lysis

            e. opsonization
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2. activation of the complement system
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            a. system of about 20 proteins

            b. C1-C9, B, D

            c. classical pathway

                1. activated by the antigen-antibody reaction

                2. C1 is activated

            d. alternate pathway

                1. activated without the intermediation of the antigen-antibody reaction

                2. polysaccharide molecules in the cell membranes of invader react with B and D and then C3 is activated

IV. Types of T-Lymphocytes

    A. helper T cells
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        1. most numerous T cells

        2. help with immune functions

        3. major regulator of virtually all immune functions

        4. form lymphokines

            a. protein mediators

            b. act on other cells of the immune system

            c. act on bone marrow cells

            d. lymphokines:

                1. interleukin-2

                2. interleukin-3

                3. interleukin-4

                4. interleukin-5 B-cell stimulating factors (growth factors)

                5. interleukin-6

                6. Granulocyte-monocyte colony stimulating factor

                7. Interferon

            e. lymphokines are major stimulus for the immune system

            f. lymphokines (interleukin-2) activate helper T-cells

        5. destroyed by the HIV

        6. stimulation of growth and proliferation of cytotoxic T cells and suppressor T cells

        7. stimulation of B-cell growth and differentiation to form plasma cells and antibodies

        8. activation of the macrophage system

            a. slow or stop migration of the macrophages out of inflamed area

            b. activated macrophage phagocytosis

    B. cytotoxic T cells
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        1. by lymphokine interleukin-2

        2. interleukin-4 and interleukin-5 have less potent effect on cytotoxic T cells

        3. are direct-attack cell:

            a. kill micro-organisms

            b. body's own cells

        4. bind to cells that contain binding-specific antigen

        5. secrete perforins

            a. hole-forming proteins

            b. punch holes in membrane of the attacked cell

        6. secrete cytotoxic substances

        7. can pull away from cell after destroying it and move to another

        8. cells they will destroy:

            a. microorganisms

            b. cancer cells

            c. heart transplant cells

            d. cells that appear foreign

            e. tissue cells (self)

    C. suppressor T cells
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        1. stimulated strongly by lymphokine interleukin-2

        2. suppress functions of cytotoxic and helper T cells

        3. regulate excessive immune reactions

        4. negative feedback to T cells

        5. immune tolerance - limited ability of the immune system to attack a person's own body tissues

V. Tolerance of the Acquired Immunity System

    A. self- tolerance = recognition of self

    B. develops in the preprocessing of T lymphocytes in the thymus and B lymphocytes in the bone marrow

    C. suppressor T cells:

        1. function to counteract autoimmune antibodies

        2. counter act against sensitized helper cells and sensitized cytotoxic T cells

    D. autoimmune diseases due to failure of tolerance mechanism:

        1. rheumatic fever

            a. attack on joints and heart (valves)

            b. exposure to streptococcal toxin with epitope similar to body's own self-antigen

        2. glomerulonephritis - reaction against basement membranes of glomeruli

        3. myasthenia gravis

            a. immunity develops against ACH receptor proteins of neuromuscular junction

            b. causes paralysis

        4. lupus erythematosus

            a. immunized against many different body tissues

            b. causes extensive damage

            c. often causes rapid death

VI. Immunity

    A. active

        1. body develops either antibodies or activated T cells in response to invasion of body a by foreign antigen

        2. vaccination

    B. passive

        1. temporary immunity by infusing antibodies, activated T cells or both from some other person or animal.

        2. antibodies last for 2-3 weeks

        3. activated T cells last for a few weeks if transfused from another person

        4. activated T cells last for a few hours to a few days if transfused from an animal

VII. Allergy and Hypersensitivity
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    A. delayed-reaction allergy is caused by activated T cells and not antibodies

        1. reaction increases with repeated exposures

        2. poison ivy

    B. atopic allergies

        1. genetic

        2. large quantities of IgE

        3. anaphylaxis

            a. allergen enters circulation

            b. histamine - vasodilation

            c. leukotrienes - from cells - spasm of smooth muscle ob the bronchioles

    4. urticaria

            a. antigen enters skin

                1. vasodilatation - red flare

                2. ­ permeability of capillaries, ­ swelling,­ hives

    5. hay fever

        a. nose

        b. histamine released

        c. ­ swelling

    6. asthma

        a. mast cells - slow-reacting substance of anaphylaxis (leukotrienes)

        b. not histamine induced
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