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INTRODUCTION


	Our study today of immunology can trace its roots back to 1796, and the work of Edward Jenner, MD.  Jenner was an English physician faced with a smallpox epidemic in Gloucestershire, who noticed that milkmaids who had contracted Cowpox (vaccinia) were resistant to the more deadly Smallpox (variola).  He reasoned that a controlled exposure to cowpox would prevent the recipient from smallpox.  Thus he developed the first Vaccination, and  tried his theory in 1796.  The first report of his work was published in 1798.





	Immunology is the study of the physiologic responses by which the body destroys or neutralizes foreign matter.  The main functions of this system of responses are:  1.  protect against infection, 2.  isolate or remove foreign substances, and 3.  destroy abnormal (cancer) cells that arise in the body, also known as Immune Surveillance.





COMPONENTS


	Cellular components:


		Circulating immune cells  Leukocytes (WBC's)


			Neutrophils or PMN's


			Basophils


			Eosinophils


			Monocytes - become macrophages once out of circulation


			Lymphocytes


				B, T, and NK cells


		Fixed (noncirculating) tissue immune cells


			Plasma cells - differentiate from B lymphocytes


			Macrophages


			Mast cells


		Antigen Presenting and Recirculating Cells


			Langerhans cells


			Dendritic cells, multiple others


			These cells pick up antigens and carry them to the lymphatics and 				spleen 	to present the antigen to B and T lymphocytes





	Immunoglobulins


	Immunoglobulins are complex molecules which allow recognition of cells, bacteria, 	viruses, and other Antigens.





	Markers


		Immune cells need to be able to recognize each other as well as "self", to avoid harming what might be called "innocent bystanders".  An example would be the ability of the body to fight off infection in a cut on the skin without leaving big scars.  In humans, these are the CD markers (over 70 different markers identified so far).











	Lymph system


		Lymph is a clear fluid very similar to plasma which is secreted out of capillaries into the tissue.  This tissue fluid is collected, along with cellular debris, bacteria, and waste products from cells, into lymphatic channels which are much thinner than veins.  The lymphatics carry the fluid to regional lymph nodes, whose job it is to screen out the debris and infectious particles before sending the lymph on to larger lymphatics which eventually return the fluid to the circulation in the blood stream.  


	Spleen


	The blood itself is screened for debris and infectious organisms in the Spleen.  The structure of the spleen and lymph nodes is similar, in that the channels or capillaries form a network surrounded by B and T lymphocytes, which respond to antigens that are caught like fish in a net.  Cells which develop in the bone marrow  and produce antibodies are B-Lymphocytes.  These cells generally are located in the Germinal centers of lymph nodes and spleen, and make up only about 5% of circulating lymphocytes.





	Thymus


	The thymus is a small structure in adults, lying just under the thyroid gland in the neck and usually located in the upper chest.  In children it is proportionately larger, and serves to isolate developing lymphocytes from antigen while they differentiate.  Cells which form here are referred to as T-Lymphocytes.  T-Lymphocytes are the predominant (95%) circulating lymphocytes. 





	Complement System


	The complement system is similar to the coagulation cascade in that it can be activated by two different routes (the classical and alternate pathways) which rapidly meet at a common mediator (C3); also, there is a dampening system (C1q, big I, little I, etc), and parts of the cascade recruit and amplify parallel responses.  Specifically, complement can directly attack an invading bacteria with the (MAC) membrane attack complex (C5-9), and it recruits neutrophils (process called chemotaxis), and increases phagocytosis.





IMMUNE RECOGNITION


	The immune system has two main ways of recognizing invaders.  B lymphocytes recognize intact antigens using antibodies as their receptor, T-cells require antigen to be processed by another cell, called an Antigen Presenting Cell (APC) and presented in combination with a receptor for the T-cell.


	ANTIGENS are molecules which can be recognized by the immune system.  They may be large, such as most proteins, bacterial cell membrane markers, and drugs like penicillin; or they may consist of very small fragments of protein.


	ANTIGEN PRESENTING CELLS (APC) are specialized cells within tissue which are able to absorb bacteria, viruses, and debris and process the remains for antigens.  These cells then display the antigen on the cell surface (by imbedding the antigen sequence in an MHC Class I or II molecule)  in combination with a T-cell receptor, such as CD-3.  This allows much smaller antigens to be recognized and activate the various T-cell functions.  Macrophages (in all tissue), mesangial cells (in the kidney), dendritic cells (in the brain), and endothelial cells in blood vessels can all function as APC's. 


	ANTIBODIES or IMMUNOGLOBULINS are proteins which bind specifically to antigen.  The B-Lymphocytes which are exposed to antigen will be activated and multiply as Plasma cells (the term for differentiated B-cells).  Plasma cells function as immunoglobulin factories, pouring out antibody specific for the original antigen.  





The types of immunoglobulin produced are referred to as:


		IgG  (gamma globulin)  main antibody type produced for most antigens, parts of this Ig are able to recruit neutrophils and complement to amplify the immune response.  IgG is the “memory” antibody.


		IgM  earliest, weaker antibody than IgG, (forms a Pentamer hooked to a J protein).  IgM is the “first responder”, and as such can be used as a marker for recent infection by certain infections like Hepatitis B, Epstein-Barr virus.


		IgA  mostly appears on mucus membranes in the sinuses and GI tract, as well as in breast milk to confer immunity to babies.  (Can polymerize in association with J protein).


		IgD is present only in trace amounts in the serum, but acts as a cell surface receptor on many B-cells.


		IgE is present abundantly on Mast cells and basophils. IgE is the “Allergy antibody”, and Mast cells, eosinophils and basophils are allergy cells.  Interaction of antigen with IgE results in release of histamine etc., and is responsible for type I hypersensitivity reactions (allergies, asthma, hayfever). 





All immunoglobulins are made up of two pairs of protein chains:  2 short LIGHT chains and 2 longer HEAVY chains.  Each chain, whether Light or Heavy, has a variable region and a constant region.  The constant regions are mapped by specific genes and give antibodies their specific properties to be IgG, IgM, etc.  The variable regions are not specifically encoded by genes and are much more random, which allows for the diversity necessary to respond to any new antigen.  The variable region is the area for antigen binding (Fab region), the constant region for connection of the 4 chains and interaction with the rest of the immune system (Fc region). 





	ANTIBODY-ANTIGEN INTERACTION results in:


	Direct neutralization and removal from circulation of some viruses and bacteria.


	 Opsonization of the antigen (from Latin for soap) i.e. makes it easier to absorb or 			phagocytose viruses or bacteria,


	Activation of Complement which amplifies the immune response, starts the


	inflammatory cascade, and can directly attack invading bacteria.  See above.





IMMUNE RESPONSES


	IMMUNITY 


		Adaptive immunity refers to the acquired response to a previously seen antigen.  When such an antigen is reintroduced, there is a brisk antibody and cellular response which can often prevent illness.  This is the basis for the flu shot, tetanus shot, Polio, DTP, MMR, HIb, Heptavax, smallpox (which won Jenner fame), and pneumovax.


		Innate immunity refers to the ability of the immune system to respond to a 			new antigen.


		Active immunity is the same as Adaptive.


		Passive immunity refers to the process of giving antibodies to a susceptible patient.  Examples of this are Varicella-Zoster Immune Globulin (VZIG), given to non-immune individuals after exposure to chicken-pox or shingles, and the antibodies passed by mothers to babies in breast milk.  





	PHAGOCYTOSIS is the process by which macrophages engulf bacteria etc.  Once the invader is encapsulated within the host defense cell, lysosomes attach and release hydrogen peroxide and lysozyme which break down cell walls, membranes and proteins into their component molecules.  The products of digestion are released and can be used again by the host cell.


	ANTIGEN PRESENTATION  once the bacteria or virus is broken down, the cell can process the remains for antigens.  These cells then display the antigen on the cell surface (by imbedding the antigen sequence in an MHC Class I or II molecule)  in combination with a T-cell receptor, such as CD-3.  This allows much smaller antigens to be recognized and activate the various T-cell functions.  Macrophages (in all tissue), mesangial cells (in the kidney), dendritic cells (in the brain), and endothelial cells in blood vessels can all function as Antigen Presenting Cells. 





	RESPONSES:


		A.  INFLAMMATORY (local, nonspecific)


			This is a local response to infection or injury set about by a number of mediators, including histamine, complement, kinins, eicosanoids and prostaglandins, interleukins, lysosomal enzymes and nitric oxide.  These mediators induce 5 nonspecific responses: 1. vasodilation to increase blood flow in the injured area, 2. increased permeability of the blood vessels in the area which facilitates cell and mediator migration into the area, 3. neutrophil chemotaxis, 4. destruction of bacteria, and 5. initiation of tissue repair.  (see table 20-3)  Another way to remember the result of this nonspecific process is the classic "hallmark of inflammation": Calor, dolor, rubor, and tumor. (which mean Heat, pain, redness, and swelling for the Latin impaired).





		B.  CELLULAR (systemic, specific)


Cellular responses depend on the type of cell which is activated, a poorly 	understood process which involves the different mediators and the nature of the antigen.


	CYTOTOXIC T-cells circulate to the target area and are directly toxic to cells which bear the antigen.  Transplant rejection is a good example, the reaction to legionella or TB are similar.


	SUPPRESSOR T-cells down regulate or dampen the response of the 	immune system.


	HELPER T-cells do not directly participate in the inflammatory response, but facilitate the production of active B-cells (antibody producers) and cytotoxic T-cells.


	CYTOKINES are messengers which amplify and modify the immune system response to injury or infection.  Interleukins, Interferons, Colony stimulating factors, and Tumor necrosis factors are types of cytokines.


TYPE OF RESPONSE (continued)


	TOLERANCE is the poorly understood process of the immune systems ability to identify "self" and eliminate cells or antibodies which react to selected antigens.  This is the process harnessed in long term transplant survival and allergy shots.


		


	C.  HYPERSENSITIVITY


		TYPE I	IMMEDIATE


				Allergy mediated by specific IgE antibody.  Main mediators


					are histamine, Slow reacting substance A (SRS-A).


				Main treatment is antihistamines and steroids.


		TYPE II	ANTIBODY MEDIATED


				Reactions by specific IgG mainly, with complement


				 activation.  Examples are transfusion reactions,


				Myasthenia Gravis (Ab directed at neuromuscular plate),


				and Goodpastures syndrome (Ab directed at Glomerular


					Basement Membrane, a specific kidney disease).


		TYPE III	IMMUNE COMPLEX MEDIATED


				Reactions of weak affinity antibody for antigen, resulting


				in incomplete neutralization or clearing of antigen and 


				formation of latticeworks of antigen-antibody complexes.


				The complexes are free to circulate and get deposited 


				wherever, depending on size and type.  Likely deposit sites


				include the lungs, kidneys, and blood vessels.  Serum 					sickness and Arthus reactions are classic examples, as is


				 Lupus, Post-Streptococcal Glomerulonephritis, and the 					"achy all over" feeling caused by flu shots.


		TYPE IV	DELAYED-TYPE


				this reaction is dependent on antigen-responsive


				T-cells, so is slower to develop.  Examples are the


				Tuberculin Test, and poison Ivy contact dermatitis.





PATHOLOGY


	IMMUNE DEFICIENCY STATES


	The most common cause of immune deficiency is Stress, whether physical, emotional, or psychosocial.  Stress induces production and release of Cortisol (the stress hormone) which among other things suppresses the inflammatory response.  Reference Hans Salye, Professor Jim Ramsey.  The most frequently diagnosed immune disorder is Seasonal Allergic Rhinitis, or Hayfever.  There are a number of selective deficiencies, all well described, including


�
		Type of Deficiency			Example or result of deficiency


	 IgA deficiency and IgG subclass deficiency	recurrent sinus/pulmonary infections


	Complement factor deficiencies		meningitis, disseminated gonococcal


							 infection 


	Deficient phagocyte function		Chediak Higashi syndrome


	Splenectomy, sickle cell disease	infection with encapsulated bacteria;


						Streptococcus, neisseria, H. Influenzae.


	Steroid treatment			impaired cellular immune functions,


						suppression of fever, elevation of WBC.





	AUTOIMMUNITY


	The autoimmune disorders are usually manifestations of Type III hypersensitivity, with circulating immune complexes.  The body's response to the deposited immune complexes leads to damage to innocent bystanders, especially the joints (such as rheumatoid arthritis), blood vessels (vasculitis) and kidneys.  Systemic Lupus Erythematosus is the prototype autoimmune disorder, manifested by small blood vessel vasculitis with skin rash and hair loss, nerve damage, kidney failure, arthritis, pleuropericarditis, and a host of other manifestations. Interestingly, certain  Complement factor deficiencies interfere with the clearing from circulation of immune complexes, and can result in a "Lupus like syndrome".  Treatment of autoimmune disorders requires suppression of the abnormal host response to the immune complexes, and usually involves steroids, chemotherapy-type drugs such as cytoxan, and occasionally plasmapheresis (which removes the complexes from circulation).  As might be expected, immunosuppressive treatment of a disease must be weighed against the risk of infections and other complications caused by the treatment itself.





	TRANSPLANTATION


	The most feared complications of transplantation are Rejection of the transplanted tissue, and infection as a result of the immunosuppression needed to prevent rejection.  The most common immunosuppressants are Steroids, Cyclosporin A, and Azathioprine (Imuran).  Many others are under investigation, and Tolerance is also under intense study as the ideal way to achieve selective immunosuppression. 





	HIV/AIDS


	Human Immunodeficiency Virus (HIV) disease is the most rapidly growing epidemic in the world today.  As in Jenner's time, the pace of research and discovery is proportional to the threat, and although no cure or prevention has been found, great strides have been made in our understanding of the immune system as a result of HIV.  Acquired Immunodeficiency Syndrome (AIDS), the original term, has probably been around a long time, but the epidemic started being recognized around 1982 and was labelled in 1984.  Since then, the infective agents have been identified (HIV 1 and HIV 2), and viral components have been isolated and selected for production of prospective vaccines and antiviral antibiotics.


	HIV is a retrovirus, meaning its genetic code is RNA.  It must gain access to a living cell in order to make a DNA template from the RNA code, and then harnesses the cells machinery to generate new infective HIV.  Since the virus mostly resides inside a cell, this infection stimulates a T-cell mediated response which is generally ineffective at eradication.  The T-cell host then provides an unwitting platform for further infection which sweeps through the lymphatics from T-cell to T-cell.  The immunodeficiency which results makes the patient susceptible to otherwise unusual infections which normally are fought by the cellular immune pathway, such as TB, Pneumocystis Carnii, and toxoplasmosis.  The patient's ability to perform immune surveillance is diminished, leading to a higher incidence of lymphoma and Kaposi's sarcoma (a vascular tumor).  The infectious complications are fairly predictable, so the patient's CD-4 counts (a marker of T-cells) are monitored and as they fall, prophylactic treatment is started. 


	Treatment of the HIV disease itself, as opposed to prophylaxis of complications, consists of a strategy of impairing viral replication with HAART (highly active anti-retroviral therapy).  HAART consists of combining several agents to block multiple steps in the process.  Examples are Protease inhibitors, reverse transcriptase inhibitors, and non-nucleoside rti’s.  There are a number of vaccine trials underway, but definitive treatment and prevention is still about 10 years away.  Researchers now talk about  immune reconstitution with HAART.
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