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Maintaining Dynamic Equilibrium I


The Immune System

Textbook Reference:  Section 11.4 and Section 9.4

Any change in the body (apart from an injury) that interferes with the normal functioning of the body is called a disease.  There are two types of diseases:

a. Noninfectious: This is often referred to as a functional disease whereby an organ does not work properly anymore.  ie. cancer, heart disease 
b. Infectious: This is caused by a disease producing organism called a pathogen. ie. measles, colds, the flu, malaria etc.

The immune system is comprised of the following organs, cells and proteins:

· Spleen

· Bone marrow

· White blood cells

· Thymus Gland

· Lymphatic system

Function of the Immune system:

· Destroy pathogens such as bacteria that enter the human body

· Destroy body cells that have become infected by viruses.

· Destroy body cells that have become cancerous
· Recognize pathogens that have previously entered the body so that they can be destroyed rapidly before it can cause problems. - Immunity
“Self” vs. “Non-Self”

· The effectiveness of the immune system results from the ability of certain white blood cells to be able to tell the difference between the normal cells of the body (“self”) and invading organism cells or abnormal body cells (“non-self”)
· “Non-Self” cells are recognized by the presence of proteins that appear on the membranes of these cells, these proteins are referred to as antigens.
Non-Specific Defences and Specific Immunity


The body has various ways to help combat foreign invaders, they can divided into two broad categories:

1. Non-Specific Defences

· Defences that occur the same way regardless of the specific pathogen that has or may invade the body.

2. Specific Immunity

· This method of defence results in the production of white blood cells that have the ability to destroy specific invaders. These cells remain in the body for a long time providing the body with future protection against that specific invader – Immunity
Nonspecific Defenses

These are considered to be your first and second lines of defense against pathogens.  They guard against all foreign organisms and not just any one specific organism.  The major forms of nonspecific defenses follow:

1. Physical and Chemical Barriers:  The First Line of Defense.

· Skin: Old skin cells are constantly being replaced by new ones.  These old cells will shed the microorganisms that reside there.
· Membrane linings: Mucus and cilia will trap foreign substances
· Lysozyme: This enzyme is found in mucus cells and tears.  This will destroy the cell wall of bacteria before it can enter the blood stream.
· Stomach Acid: The high pH of gastric juice destroys many bacteria.
· Sweat and Oil: Give the skin a pH of 3-5.  Oil contains bactericides
· Saliva: Contains enzymes that kill bacteria
· Urine: Antibodies found in urine that are produced by the lymphatic tissue of the urinary tract will protect against urinary tract infections
2. Inflammatory Response:  The Second Line of Defense

The inflammatory response will be activated once a pathogen has been able to “breach” the first line of defence and invade the body (perhaps through a cut). This response involves several types of white blood cells:

a. Phagocytotic Cells – macrophages, neutrophils, monocytes, and natural killer cells.
b. Non Phagocytic Cells – These cells release chemicals called histamines.

This process can be described as follows:
1. When skin is cut, blood vessels are damaged. Certain types of white blood cells (non-phagocytic leucocytes) will release a chemical called histamine.
2. The histamine causes increased blood flow to the area.  It also causes the blood vessels dialate and become more permeable to fluids and leucocytes. The result of this action is for the “infected” area to become inflamed (swollen), red in color, and warm to touch.  The increase in temperature may help destroy the pathogen.
3. The increased blood flow to the area also brings with it the phagocytic macrophages. These cells “eat” the invading pathogens.

4. The accumulation of fluid, dead macrophages and dead pathogens form pus. Pus may leak from the wound or be reabsorbed back into the body.
5. If the response is not sufficient, nearby lymph nodes will channel debris and become swollen and sore. 
6. If the infection is serious, it results in the formation of more phagocytes.  If this does not finish the infection, chemicals (pyrogens) are released that increase the body temperature.  This results in a fever.  
A fever serves two main purposes:

· It kills microorganisms that can not survive at the higher temperatures

· It slows down the microorganisms, giving the w.b.c’s a chance to destroy them.
Note: If the pathogen is a virus, than another defense system will occur.  This system involves an interferon.  This is a substance produced by the cells infected by a virus.  It causes non-infected cells to produce an enzyme that will block the reproduction of the virus.
Specific Defenses (Third Line of Defense)
If a pathogen is able to get past the nonspecific defenses, it will encounter the specific defenses.  It is at this stage the immune system comes into play.  It enables the body to fight infection through the production of antibodies or cells that inactivate foreign substances or cells,  

The immune system includes all parts of the body that are involved in the recognition and destruction of foreign materials.

The basis of immunity lies in the body’s ability to distinguish between its own substances (itself) and foreign substances (nonself).  

Any foreign substance that triggers a specific defense response is called an antigen.  Antigens are usually proteins but can also be carbohydrates, lipids and nucleic acids.  Any of these organic compounds can be carried on the surface of bacteria, viruses and other pathogens that may enter the body.  This response to an antigen is called an immune response.

A lymphocyte is a w.b.c. that recognizes antigens and either produce antibodies or kill the foreign cells directly.  There are two types of lymphocytes called B cells and T cells.  B and T cells are produced in the marrow.  B cells mature in the marrow while T cells mature in the thymus.  Both depend upon the activities of the phagocytes that engulf all foreign materials.  An immune response can involve two categories of reactions: T cell reactions and B cell reactions. These reactions are complex and involve a number of other w.b.c’s

 (i) B Cell Reactions (For Bacterial Cells)
· antigen enters

· macrophage ingests antigen and displays the form of antigen on its cell membrane

· B cell recognizes antigen

· Helper T cell recognizes antigen displayed by macrophage

· B cell stimulated to divide by helper T cells.  B cells form plasma cells and memory B cells
· Plasma cells produce antibodies that bind to antigen and form antigen-antibody complexes.  Antigen-antibody complex is absorbed by phagocytes.  Plasma cells are prevented form reproduction by suppressor T-cells.

· If antigen enters body again, memory B cells divide to produce new plasma cells.

(ii) T Cell Reactions (For Viruses and Tumor Cells)
· antigen enters

· macrophage ingests antigen and displays the form of antigen on its cell membrane

· T cell recognizes antigen

· Helper T cells recognizes antigen displayed by the macrophage

· T cells are stimulated to divide by helper T cells.  T cells form killer T cells and memory T cells.

· Killer T cells bind to virus infected cells and cause them to burst.  Reproduction of killer T cells is eventually stopped by suppressor T cells.

· If  antigen enters the body again, memory T cells divide to produce new killer T cells.

Definitions

Antigen: a foreign substance that influences the production of antibodies

Antibody: Proteins formed by plasma cells in the blood that react with antigens

Phagocyte: A class of white blood cells that engulf antigens and other substances

Macrophage: A type of phagocyte that destroys viruses and bacterial infected cells

B cell: Make antibodies against bacterial cells.  Make plasma cells that produce antibodies.  Make memory B cells for the secondary response

T cell: Produce memory T cells for the secondary immune response.  Produce killer T cells that destroy the virus.

Helper T cell: Identifies antigen and influences the production of T and B cells.

Killer T cells: Puncture the cell membranes of virus infected cells and cause them to burst.

Memory T cells: Retain information about antigens of viruses for a secondary immune response.

Plasma Cells:  Produce antibodies in B cell reactions.

Memory B cells: Retain information about antigens of bacteria forthe secondary immune response.

Antigen-Antibody Complexes: The combination of antigen and antibody in B cell reactions that destry the bacteria

Suppressor T cells:  Slows and stops the reproduction of plasma and killer B cells after an infection has been fought.

Types of Immunity Responses

a. Primary Immune Response

This occurs when a specific antigen enters the body for the first time.  It will take five days for the body to recognize the antigen and start the production of antibodies.  It takes another 10 to 15 days for the antibodies to build up.

b. Secondary Immune Response

This occurs if an antigen that has enters the body before enters the body a second time.  There will be a shorter response time of 1 to 2 days for antibody production. The secondary response is much faster since. The memory B cells and Killer T cells are already present. Only a few days are needed to make enough cells and antibodies needed to destroy the pathogen. In this case the person will not even show symptoms of the infection.
Types of Immunity

A. Active Immunity:  The body produces its own antibodies to attack a specific antigen.  Active immunity is long lasting.  It develops in two ways:

(i) A person was infected with the disease

(ii) Vaccination of a weakened or milder form of the pathogen

A vaccine is aweakened or dead form of a virus, that is injected into an individual to initiate an immune response. The body easily destroys these weak invaders and develops memory cells specific to them.

B. Passive Immunity:  This is borrowed immunity.  The person is given antibodies from another person or animal that has been infected by the antigen.  It is only temporary and lasts about 30 days.  It is faster acting than the active immunity response.  Common during pregnancy and breast feeding.
The Immune System and Transplants
The immune system can cause problems with organ transplants.  The body recognizes transplanted organs as foreign to the body and will try to fight then as though they were a pathogen.  The result would be the destruction of the transplanted organ.  Rejection is controlled in two ways:

(i) The donor and recipient are a close genetic match.

(ii) The recipient is given drugs to suppress the immune system.

Allergic Reactions

An allergy is an exaggerated response by the immune system to harmless material such as pollen, mould, or cat dander.  An immediate response occurs within seconds and disappears within 30 minutes.  Specialized antibodies trigger the release of histamines.  Histamines increase the permeability of membranes making the area red and swollen.  Specialized antibodies can also trigger the release of cellular fluids which can result in watery eyes and a runny nose.  Food allergy can trigger vomiting, cramps, and diarrhea and can be treated with antihistamines.   Asthma can result in massive release of histamines which sets off spasms in the bronchioles.

Anaphylactic Shock
Anaphylactic shock is a severe allergic reaction and often involves bee stings, peanuts, latex gloves, and intravenous medicines such as penicillin.  The antigen will stimulate widespread release of histamines.  Histamines will stimulate vasodilatation of arterioles in which fluid and proteins leak into surrounding tissue fluid.  This triggers a rapid decline in blood pressure and releases blood flow (including oxygen).  Death can result in minutes.  It can be treated with adrenaline (epinephrine) which increases heart rate and contractions to restore blood pressure.

Auto-immune Disorders

This is a result of when T cells or antibodies mistakenly attack the healthy cells and tissues of an individual as if they were a foreign pathogen.  It may be inherited or triggered by recovery from an infection.

Rheumatoid Arthritis

This is an autoimmune disorder that may occur at age 25-50 years. The immune system causes inflammation of the lining of the joints.  The symptoms include pain, stiffness, swelling, fever, fatigue, and loss of appetite.  It affects cartilage, bone, ligaments and tendons.  The joints affected usually include wrists, knuckles, elbows, shoulders, feet, ankles, hips, and knees.  Early treatment involves the use of aspirin, non-steroidal anti-inflammatory drugs (NSAIDs), and sometimes steroids.  Later treatment includes disease modifying anti-rheumatic drugs (DMARDs) that slow progress and reduce pain, inflammation and stiffness.  Corticosteroids are also used to help with inflammation, pain, and stiffness.  Physical management may involve physical therapy and applying heat and cold to joints.  The disease can be crippling and has no cure. 
Other autoimmune disorders include:

· Lupus: destruction of a wide variety of body tissue

· Diabetes Mellitus: destruction of pancreatic cells that produce insulin

· Multiple Sclerosis: destruction of the myelin sheath that surrounds nerve cells

AIDS: Acquired Immune Deficiency Syndrome

The cause of AIDS is a virus called the human immunodeficiency virus – HIV.  This virus attacks the Helper T cells of the immune system.  HIV is present in body fluids such as blood, vaginal secretions and semen of an infected person.  It may be present in small amounts in tears and saliva.  Infection occurs if infected body fluids enter the vagina, rectum or mouth of a sexual partner.

Almost 100% of people develop antibodies to HIV in 6 weeks to 6 months.  Some infected people have no symptoms and feel well.  Others may develop mild symptoms which may take a few months to several years to appear.

About 30-50% if those with HIV antibodies develop AIDS in 5-10 years.  Early symptoms include: tiredness, fever, night sweats, weight loss, diarrhea and swelling of the glands in the neck, armpits and groin.  These symptoms are common symptoms for many illnesses.  If they do not go away, a doctor should be consulted.  When rare forms of infections occur and rare cancers appear a person is said to have AIDS. 

The virus enters the helper T cells and remains within the cells for months or even years without producing any symptoms.

The virus has a number of disturbing properties;

(i) It is able to mutate so it has the ability to produce new strains. ie. HIV-1 in 1981  and HIV-2 in 1985

(ii) It causes changes in the cell membrane of the helper T cell so that the T cells will fuse together.  This allows the virus to pass from cell to cell without entering the bloodstream.  As a result, the virus can not be exposed to the antibodies in the bloodstream.

When HIV becomes active, the individual becomes AIDS.  The virus reproduces, spreads and destroys the helper T cells.  The T cells become the HIV factory.

Some possible triggers for HIV activation are:

(i) Other co-infections

(ii) The HIV contains a gene that is like a ticking time bomb.

The decrease in helper T cells weakens the immune system.  The body loses its ability to fight disease and becomes susceptible to opportunistic infections and malignancies.

The Spread of AIDS

(i) Sexually transmitted

(ii) Blood to blood contact

(iii) Mother to fetus during pregnancy or at the time of birth.  In rare cases, occurs through breast milk.

(iv) Sharing intravenous needles in drug use

Prevention of AIDS
(i) Abstinence of sexual activity

(ii) Use of a latex condom plus spermicide nonoxynol 9

(iii) Avoid sharing needles during intravenous drug use

Lymphatic System

This is a secondary circulation system that parallels blood circulation.

Functions:

· Returns tissue fluid to the blood.  Tissue fluid bathes cells bathes cells and contains water, salts, nutrients and proteins that have moved out of the capillaries.  Some is used by the cell and some such as proteins, white blood cells and water must be returned to the blood via the lymphatic system.  If these materials remain, the tissues may swell and the blood will lose fluid.

· Transport of white blood cells that are vital to immunity

· Storage of white blood cells in many of its tissues

· Absorption of fats from the small intestine

Structure:
The system consists of blind-ended tubules that collect the lymph not absorbed by capillaries. They pass it on to a network of lymphatic vessels that extend throughout the body.  These lymphatic vessels will merge into the thoracic duct and right lymphatic duct which will return lymph back into the blood through the right and left subclavian veins located near the heart. This restores the fluid portion of the blood lost at the capillaries.

Lymph nodes are scattered throughout the system.  Their function is to filter out bacteria and dead cells from the lymph, concentrating them for white blood cells found in the node.

This system has no pump.  Circulation is the result of body movement and the action of muscle surrounding the vessels.  It has valves also.

Definitions:

· Lymph: This refers to the tissue fluid when it is found in the lymph vessels

· Lymph vessels: This is a network of vessels found throughout the body and is used to return the lymph to the blood.

· Lymph Nodes: These organs are swellings found throughout the network of lymph vessels.  They store white blood cells and attack pathogens.

· Tonsils and Adenoids: This is lymphatic tissue that stores white blood cells and protects against respiratory infections.

· Spleen:  Provides storage for white blood cells.   Filter out bacteria and destroy worn out red blood cells.  Found near the stomach.

· Thymus: This lymphatic tissue is important in the maturation and storage of white blood cells in infants and children.  Located in the upper chest near the heart.
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