
Human Physiology Lecture Notes for  Chapter  15

THE IMMUNE SYSTEM
The immune system is anything that maintains protective barriers.  

     Emotional Physical Cellular Chemical
        clear skin Phagocytes stomach acid
     emotional mucus   neutrophils  antibodies (Ig or Ab)
        state cilia   monocytes complement

circulations:   macrophages histamine
  lymph basophils/mast cells lysozyme (in tears, saliva)
  bile platelets  digestive enzymes
  blood eosinophils pyrogens

T cells cytokines
B cells     interleukins (IL-1, IL-2, etc.)
NK cells   interferons (IFN-� , IFN-� , IFN-� )
flora (beneficial bacteria)   TNF-� , TNF-�

  Colony Stimulating Factors (CSF)

Innate immunity (nonspecific)  vs Acquired immunity (specific).  
Innate immunity involves cells that utilizes the process of phagocytosis to remove pathogenic material and
organisms.  Acquired immunity involves sensitized lymphocytes that either form antibodies against specific
pathogens or directly destroy it.  Sensitization of lymphocytes is the result of interaction with antigen
presenting cells (i.e. macrophages).  This illustrates the artificial delineation of innate and acquired subsets
of the immune system.  Both subsets are interdependent.



The Players
Cells and 'formed elements”  of the blood are made from stem cells found in the bone.  These stem cells are
called haemopoietic stem cells.  See figure previous page.

erythrocytes red blood cells
circulate for 120 days before being destroyed
2.5 million made a second to replace those lost

platelets not really cells, just fragments of megakaryocyte
life span 10 days
important role in blood clotting 

blood clot = platelets and fibrin (protein) network (fibrin made from fibrinogen)

mast cells found “stationary”  in the tissue
filled with “granules”  of vasoactive substances [heparin, histamine, slow reactive substance
of anaphylaxis (SRS-A) and eosinophil chemotactic factor of anaphylaxis (ECF-A)].
have receptors that hold IgE antibodies
degranulation due to IgE crosslinking or complement proteins causes inflammation 
and symptoms of allergy.

basophil mast cells on “ roller skates”  (circulate in the body)

eosinophils don't phagocytosis, involved in infections with pathogens too big to “eat”  (i.e. worms)

neutrophil live 6-12 hours in circulation
release granules and die
5-20 bacteria before self-destruct
90% of circulating cells from the myeloid lineage are neutrophils

monocytes MO  
circulating predecessors of macrophages

macrophages M�
antigen presenting cells (APC)
receptors for bacterial cell wall carbohydrates (endotoxin), IgG and IgE

complement proteins, and lymphocytes
months to years in tissue
up to 100 bacteria before self-destruct

natural killer  cells NK cells
no antigen receptors
recognize and lyse (with perforins) tumor and virus infected cells
also participates in antibody dependent cytotoxicity

T cells involved in cell mediated immunity 
are identified by CD4 marker  on their cell surface
can be further divided into Th1, Th2, Th0, Th3 etc depending on cytokines they release
activate cytotoxic T cells and B cells
must have antigen presented to them by an APC
progenitors from bone, but cells mature in thymus



Cytotoxic T cells involved in cell mediated immunity - lyse cells with perforins
are identified by CD8 marker  on their cell surface
progenitors from bone, but cells mature in thymus

B cells involved in antibody mediated immunity
have antigen receptors (just like antibody) on their cell surface
antigen presented to them by an APC 
made and mature in bone

THE IMMUNE RESPONSE:  the process by which the body identifies and destroys pathogens.
1. Tissue damage causes inflammation.   Substances released stimulate immune response:

  Damaged cells  release  prostaglandins, inter feron if virus infection.
  Pathogens release toxins, endotoxin (lipopolysaccharide from bacteria)
  Mast cells (located outside many of the capillaries) release histamine.
  Many leukocytes release cytokines (interleukin 1 (IL-1) = endogenous pyrogen)

2. Released substances cause:  vasodilation and suppression of clotting with increased vascular
permeability.  This creates local edema and allows for diapedesis by phagocytes 

3. chemotaxis - cytokines and bacterial products “call”  tissue macrophages, neutrophils, and monocytes
to the area (endotoxin, interleukins)

4. activation of acquired immune system (interleukins from macrophages, IL-1 - activate T and B cells)

fever (endogenous pyrogen a.k.a. interleukin 1)

activation of alternate complement pathway (by endotoxin) - results in mast cell degranulation and
chemotaxis

Complement cascade consists of a number of proteins including those designated C1 through C9 that once
activated interact to ultimately form a pore (similar to perforin) that will lyse and kill pathogenic cells. 
Intemediate products of the complement cascade also interact with immune cells (they are chemotactic
factors).

1st line of defense = 
tissue macrophages 

2nd line of defense = 
neutrophils 

3rd line of defense = 
monocyte to macrophage 

4th line of defense = 
increased production of
granulocytes and monocytes by
bone marrow 

Phagocytosis:  pseudopods
engulf particle or bacterium and forms vacuole.  This merges with lysosome (proteases, lipases) and/or
peroxisomes (OH-, H2O2, O2

-). Can be VERY MESSY!!



ACQUIRED IMMUNITY
Antigen - molecules, usually large polypeptides (or polysaccharides) that the body recognizes as foreign.
Hapten - small foreign molecules that combine with proteins in the body and then are identified as non-self.

After maturation lymphoid cells tend to aggregate in lymph nodes, spleen, and mucosa associated lymphoid
tissue (MALT).   The MALT includes
the Peyer's patches associated with the
intestines.  

Lymph node
Lymphocytes circulate throughout the
body and return lymph nodes.  They have
memory and especially those in the
MALT tend to stay in the MALT as their
resident lymphoid tissue.  

If an antigen that we are sensitized to
shows up in a lymph node, it shuts down
the node for 24 hours not allowing
lymphocytes to move out.

Helper  T cells - (75% of T cells) Antigen in combination with Class-2 MHC molecule presented by
macrophage to T cell with receptors in cell membrane.  Helper T cells present antigen to B cells and activate
them.  Also secretes cytokines which stimulates and activates T cells, B cells, and macrophages.  IL-2
activates cytotoxic T cells,  IL-4 activates B cells.

B Lymphocytes (B Cells) - Antibody Mediated Immunity
Primary response:  Antigen presented by macrophage to B cell with antibodies imbedded in cell membrane. 
Activates B cell.  B cell changes/divides - 500 cells in 4 days.  Primary response takes 5 to 10 days.

Plasma cells- produce 2000 antibody molecules/sec.
Memory cells - circulate and go dormant.  Important in secondary response (takes <2hrs).

Antibodies a.k.a. immunoglobulins (Ig) are gamma globulins and account for 20% of plasma proteins. 
There are five subclasses:  IgG, IgA, IgE, IgD, IgM.  IgG predominant in blood, IgA predominant in mucosa,
IgE bind preferentially to mast cells.  There are 100 million trillion antibody molecules in each individual,
representing a few million different specificities.  This is accomplished through combinations of light and
heavy chains.

What do antibodies do?
Direct Attack: 1)  agglutination, 2)  precipitation, 3)  neutralization, 4)  lysis

Indirect Attack:  Activate the complement cascade via the classical pathway

Passive immunity and active immunity
Active immunity is the process as described above.  In passive immunity antibodies (or serum containing
antibodies) is passed to the recipient, resulting in immunity from the antigen without actually acquiring



immunity to the antigen.  This is the case in antibodies passed in blood to the fetus, or to a child that is
nursing via breast milk.  In addition, antiserum to snake toxins or the Rh factor can be injected into
individuals giving them passive immunity.

ALLERGIES AND AUTOIMMUNE DISEASE
Autoimmune Disease
1)  An antigen that does not normally circulate becomes exposed.  Lens proteins in a damaged eye may
stimulate immune attack that destroys the healthy eye.
2)  Self antigen that is tolerated combines with hapten (i.e. drug allergy where drug adsorbs to cell
membrane and becomes antigenic.  Whereupon the entire cell is attacked.  A.k.a. type II hypersensitivity)
3)  Antibodies are produced that attack other antibodies.  Rheumatoid arthritis IgM antibodies attack IgG.
4)  Antibodies produced against foreign antigens may cross react with self-antigens.  Rheumatic fever -
antibodies against Streptococcus attack heart and kidney.
5)  Abnormal production of class-2 MHC (cell surface marker) by cells other than macrophages and B cells. 
Type I diabetes mellitus - the beta cells of the pancreatic islets abnormally produce class-2 MHC resulting in
autoimmune destruction of these insulin-producing cells.

Delayed reaction allergy (Type IV hypersensitivity)
Contact (latex or poison oak) or tuberculin hypersensitivity: reaction with in 48 to 72 hours.
Caused by activated T cells not antibodies.  APC presents hapten-carrier complex to T cell which begins the
immune cascade resulting in tissue inflammation. The poison oak hapten is not dangerous itself, but immune
response may cause serious tissue damage.  Strong exposure at one site may lead to all sites that ever were
exposed becoming inflamed.

Immediate Hypersensitivity (Type 1 hypersensitivity)
IgE antibodies produced in response to antigen bind preferentially to mast cell and basophils.  One mast cell
can bind ½ million IgE antibodies.  When antigen binds to IgE mast cell degranulate or rupture.  Release of
histamine, slow-reacting substance of anaphylaxis (which is a mixture of toxic substances called
leukotrienes), eosinophil and neutrophil chemotactic substance, a protease, heparin, and platelet activating
factors.

1)  Anaphylaxis:  antigen gets into blood stream and causes systemic reaction.
2)  Urticaria:  antigen in skin
3)  Hay Fever:  antigen in nose
4)  Asthma:  antigen in bronchioles of lungs.  spasm caused mainly by slow-reacting substance of
anaphylaxis.

Type I I I  Hypersensitivity or  Immune Complex Disease
1. Low grade persistent infections with weak antibody responses lead to deposition of immune

complexes in the affected tissue.  (Examples include leprosy, malaria, viral hepatitis and
staphylococcal infective endocarditis)

2. Continued production of immune complexes in immune attack of self is evident in rheumatoid
arthritis, and systemic lupus erythematosus (SLE).

Cancer Cancer occurs when the cell loses control of its reproductive cycle, perhaps due to repeated
damage to DNA.   This occurs all the time.  Antioxidants work to prevent the damage to
chromosomes, but even so the immune system (NK cells) are responsible for identifying out
of control cells and destroying them. 


