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I. Nonspecific defense mechanisms (innate)
First line of defense:

· Skin - barrier

· Mucous membranes - barrier

· Secretions of skin and mucous membranes – washing action, keep pH 3-5, mucus traps microbes, ciliated epithelial cells sweep, stomach HCl kills most microbes 

          Second line of defense:

· Phagocytic WBC’s in blood and tissues (know where to go via chemotaxis signal from damaged cells)

· Antimicrobial proteins 

· lysozyme – enzyme that digests cell walls of bacteria, found in tears, saliva, mucus

· complement – lyses many microbes

· interferons – secreted by virus-infected cells and help inhibit viral reproduction

· Natural killer cells – destroy virus-infected cells and abnormal cells that could become cancerous by lysing membrane

· Inflammatory response – localized reaction to tissue damage; includes:
· Increased blood supply (prostaglandins help with this)
· Increased temperature (locally)
· Edema (swelling)
· Histamine release triggers dilation and increased permeability of nearby capillaries

· Phagocyte migration – mediated by chemokines
· Pus – dead phagocytic cells, fluids, and proteins leaked from capillaries during response

· Systemic response (widespread) possible.  May get increased bone marrow production.  Pyrogens (from WBC’s) produced to increase temperature.  Increased temperature aids in killing some pathogenic microorganisms, aids in phagocytosis, and speeds tissue repair.
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II.  Specific defense mechanisms  (acquired) – the immune system.  The immune system displays specificity, diversity, memory, and the capacity to distinguish self from non-self.

· Lymphocytes provide the specificity and diversity of the immune system.  Lymphocytes are a type of WBC and made in bone marrow.

· B lymphocytes (B cells) – mature in bone marrow

· T lymphocytes (T cells) – mature in thymus

· Antibodies – antigen-binding immunoglobulins, made by B cells, made as response to an antigen or may be naturally occurring.
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How the primary specific immune responses arises:

Antigen – foreign molecule that elicits a specific response; can be from virus, bacteria, fungi, protozoan, sperm, pollen, transplanted organ, or baby in utero.

Both the humoral (antibody-mediated) immune response is activated and the cell-mediated immune response is activated simultaneously with the 1st exposure of the antigen. See p942, Fig. 43.16.

On the humoral side, some free antigens may directly activate B cells.  Or some antigens must be engulfed by a macrophage (APC-antigen presenting cell) that presents the antigen to the helper T cell.  Helper T cell then stimulates the B cell, memory helper T cell, and more helper T cells. The B cell will give rise to plasma cells that secrete the antibodies of the correct affinity (shape) and also stimulate memory B cells.  The antibodies “take out” extracellular pathogens by binding to antigens and making them targets for phagocytes and/or complement. 
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On the cell-mediated side, antigens displayed by infected cells may activate the cytotoxic T cell directly.  Or, as in the humoral, some antigens must be engulfed by a macrophage (APC-antigen presenting cell) that presents the antigen to the helper T cell.  Then, the helper T cell stimulates the cytotoxic T cell, which gives rise to active cytotoxic T cells which destroy intracellular pathogens and cancer cells by binding to and lysing them with perforin. (The Cytotoxic T cell also stimulated the memory T cells).  
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The secondary response arises from the 2nd antigen exposure at a later time, which stimulates the memory helper T cell and/or the memory B cells and memory T cells.  The memory B cells activate the plasma cells to secrete antibodies.  The memory T cells activate the active cytotoxic T cells.  This response is faster, 2-7 days and of greater magnitude and length. 
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Distinguishing self from non-self:

B cells and T cells have their antigen receptors tested for self-reactivity in the bone marrow as they mature.  Those with receptors for self are destroyed by programmed cell death called apoptosis. Failure to destroy these cells can lead to auto-immune diseases such as multiple sclerosis, arthritis, lupus…

Major histocompatibility complex (MHC) – also called human leukocyte antigens (HLA’s), a collection of cell surface glycoproteins.  Class I MHC – found on all nucleated cells (vast majority)

Class II MHC – restricted to macrophages, B cells, activated T cells, and cells inside thymus.  In a single species, 100’s of different alleles for each class, therefore, unlikely 2 people will “match” unless identical twins.  Major role in tissue rejection.

CD4 – protein on most helper T cells, that hooks it together with macrophages or B cells.

4 ways antibodies dispose of antigens:

· complement fixation (membrane attack)

opsonization – enhancing macrophage attachment

· neutralization – blocks viral binding sites and coats microbes 

· agglutination of antigen-bearing microbes

· precipitation of soluble antigens

active immunity – from either being sick and recovering or being vaccinated (given killed virus usually)

passive immunity – example is when mom gives igG antibody in utero or one gets a shot of an immunoglobulin such as rH –immunoglobulin.
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