Lymphatic and Immune System Information Sheet 

(Suggested vocabulary words for this study are in blue and underlined.)

Lymphatic System

1) Anatomy and Physiology:
2) Lymph, which is a thin watery fluid composed of intercellular, or interstitial , fluid which forms when plasma leaves the capillaries and enters tissue spaces between cells.  It is composed of water, digested nutrients, hormones, oxygen, carbon dioxide, lymphocytes, and metabolic wastes, such as urea.

3) Lymphatic vessels are either small open-ended drainpipes called lymphatic capillaries or larger vessels that eventually drain into one of two lymphatic ducts, right lymphatic duct or thoracic duct. These vessels have valves that keep the lymph from flowing backwards and it is always flowing toward the thoracic cavity.  The right lymphatic duct receives purified lymph from the right side of the head and neck, the right chest, and the right arm, and empties into the right subclavian vein that returns it back to the blood.  The thoracic duct is much larger as it receives the lymph from the rest of the body and empties into the left subclavian vein.  The enlarged pouch-like storage area for purified lymph before it returns to the blood is located at the start of the thoracic duct and is called cisterna chyli.  Lacteals found in the small intestines pick up fats and fat-soluble vitamins and transports this chyle to the blood stream. 

4) Lymph nodes are small bean-shaped structures ranging in size from a pinhead to an almond.  They are located all over the body, usually in groups or clusters.   They are often called “glands” that swell indicating a disease process.  They filter the lymph to remove harmful substances such as bacteria, viruses, malignant cells, and other impurities such as carbon and dead blood cells. The lymph nodes produce lymphocytes and antibodies and mixes with the purified lymph.
5) Specialized Lymphatic Tissues are tonsils and adenoids, spleen, and thymus.
1. Tonsils and Adenoids are masses of lymphatic tissue forming a protective ring around the nose and upper throat.  There are three pairs. The palatine tonsils are located on each side of the soft palate and are visible through the mouth.  The adenoids or pharyngeal tonsils located in the nasopharynx or upper part of the throat.  The lingual tonsils are located on the back of the tongue.

2. The spleen is an organ, or saclike mass of lymphatic tissue, located in the left upper quadrant (LUQ) of the abdomen below the diaphragm and in the back of the stomach.  It produces leukocytes (lymphocytes and monocytes) and antibodies; stores erythrocytes (red blood cells); destroys old erythrocytes; destroys thrombocytes (platelets); filters metabolites and wastes from body tissues; filters microorganisms and other foreign material from the blood.

3. The thymus is a mass of lymphatic tissue located in the center of the upper chest.  It atrophies (wastes away) after puberty and is replaced by fat and connective tissue.  Before puberty, it produces antibodies and lymphocytes to fight infection.  This job is taken over by lymph nodes after the thymus atrophies.  The thymus plays important roles in the body’s immunologic and endocrine systems.  Its immunologic role is the development of T cells.  Lymphocytes that are formed in bone marrow go to the thymus where they multiply and mature into T cells which play an important role for immune response throughout the body.  The thymus produces one hormone call thymosin that stimulates production of antibodies in early life.

Immune System

  Anatomy and Physiology:

1) The immune system does not have a single set of organs itself.  It must depend on other systems to do its’ job of protecting the entire body from any variations of harmful substances, such as pathogens (disease producing microorganisms), allergens, toxins (poisons), and malignant cells. 

2) The immune system works primarily through antigen-antibody reactions.  When the system is working properly, the antigen-antibody reaction renders toxic substances harmless.  

Body’s Immune System Defenses:

1) The integumentary system serves as a major body defense against invading organisms.  Intact skin serves as the first line of defense as a physical barrier that prevents invading organisms from entering the body.   The sebaceous glands (oil glands) discourage growth of bacteria on the skin.  

2) The respiratory system also is a primary defense against foreign invasions.  Cilia (nose hairs) and moist mucous membranes trap foreign matter that might be breathed in.  Mucus helps flush out any trapped debris.  Coughing and sneezing also rids the body of foreign materials.

3) The digestive system protects the body by destroying bacteria that has been accidentally swallowed or consumed with food.   Gastric juices with strong acids kill bacteria.  There are also some “good” bacteria in the intestines that help kill pathogenic bacteria that would cause disease in other organs.    Peyer’s patches and the appendix are specialized lymph nodes located in the intestines to help protect against invading organisms in the digestive tract.

4) The cardiovascular system carries the fighting blood cells throughout the body to be readily available wherever invading organisms may get through.  This system carries away waste products, carries nutrients to cells, and transports purified lymph.

5) The lymphatic system is the primary defense mechanism.

Specialized Cells for Immune Reactions:

I.  Special types of leukocytes (white blood cells) that attack invading organisms are called lymphocytes.  They are formed in lymphatic tissue throughout the body including the lymph nodes, spleen, thymus, tonsils, Peyer’s patches, and sometimes bone marrow.  Lymphocytes can be classified into more specific cells.

1) Monocytes are lymphocytes that are formed in bone marrow.  They circulate in the blood stream until they enter tissues as macrophages.  These macrophages are known as phagocytes because they engulf, eat, and destroy antigens.   (Neutrophils, eosinophils, and basophils are other phagocytic cells that release chemicals to kill harmful microorganisms.)

2) The two major classes of lymphocytes are T cells and B cells.  

A.  T cells are produced in bone marrow that circulates to the thymus where they mature.  They live for years and are prepared to kill organisms on contact.  They directly attack the invading antigen.  Various T cells have different responsibilities.  Helper T cells stimulate the production of antibodies by B cells.  Suppressor T cells stop B cell activity when it isn’t needed anymore.  Memory T cells remember the invading antigen and is ready then to fight the same antigen if it is found again in the body.  T cell activity is most effective with viruses that infect body cells, cancer cells, and in transplant recipients.

B.  B cells are produced in the bone marrow and mature in the bone marrow.   B cells produce antibodies that react with the antigen.  These antibodies are effective against bacteria, viruses outside of body cells, and toxins.  They also are involved in allergic reactions.

II. The antibody-antigen reaction is also assisted by complement proteins.  Complement is a group of about 25 complex, inactive, enzyme proteins normally found in the blood.   Once the antigen-antibody reaction has begun, complement protein will be activated.   The first step of the complement protein is to release chemicals to attract phagocytes to the invaded tissue.  Then the complement protein forms a coating on the invading cell, so that the phagocyte can recognize the cell.  Then the complement protein destroys the cell by penetrating the cell wall, allowing fluid to fill the cell, and causing the invading cell to rupture (lysis).

Four Stages of Immune System Action

           1.  Stage One

A. Viruses invade the body with intentions to invade cells and reproduce.

B. Macrophages consume some of the invaders.

C. Helper T cells are activated.

2.  Stage Two

A.  Helper T cells begin to multiply.

B.  These attract complement to the area.

C.  The Helper T cells stimulate the B cells sensitive to the particular virus to start multiplying.

D.  The B cells then start producing antibodies.

3.  Stage Three

A.  Complement proteins break open cell walls of the virus and thus spill the virus contents.

B.  Antibodies produced by the B cells inactivate the virus by attaching to them.

4.  Stage Four

A.  As the infection is contained, suppressor T cells stop the immune response.

B.  B cells remain ready in case the same virus invades the body again.

Immunity

Immunity is the state of being resistant (or not susceptible) to a specific disease.  There are four forms of immunity.

1) Natural passive immunity passed from mother to child before birth or through breast milk after birth.

2) Natural active immunity occurs after a person has developed antibodies during an actual attack of an infectious disease.  Examples are measles, chickenpox, rubella, mumps, etc.

3) Artificial passive immunity is acquired after receiving antiserum that has antibodies from another host.  

4) Artificial active immunity is artificially acquiring immunity through vaccinations (immunizations).  Examples of these vaccines are: diphtheria, poliomyelitis, hepatitis B, influenza (different kinds), measles, pertussis (whooping cough), smallpox, tetanus, typhoid, and chickenpox.

 Factors that may influence our immune system response-
1) Health:  The better our health is the more likely our immune system can fight off invading organisms.  

2) Age: Older people have acquired more immunity over the years, but in later life their immune system may not respond as quickly as it did in their younger years.

3) Heredity: Genes and genetic disorders shape the makeup of antibodies and other immune cells.      

Diseases and Disorders of Lymphatic/Immune Systems (some of these diseases will be discussed in detail in another lesson plan).

1. Adenitis- infection of inflammation of lymph nodes.

2. Hodgkin’s disease- chronic, malignant disease of the lymph nodes.

3. Splenomegaly- enlargement of spleen

4. Tonsillitis- inflammation or infection of tonsils.

5. Allergic reaction- overreaction of the body to a particular allergen that would not cause a problem to other people.

6. Autoimmune disorders- body makes antibodies to fight its own tissues.  Examples are Type I diabetes, Grave’s disease, multiple sclerosis, systemic lupus erythematosus, and rheumatoid arthritis.

7. Cancers

8. Human immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS) and infections related to AIDS. 

Glossary for this study

Allergens are substances capable of inducing an allergic response, for example certain foods or pollens.

Antibody is a disease fighting protein carried by cells to counteract the effect of an antigen.

Antigen is any substance that the body regards as foreign and starts making antibodies to counteract it.   

Antigen-antibody reaction is an immune reaction binding antigens to antibodies to render the toxic antigen harmless.

Chyle is lymph mixed with digested fats or lipids that is transported by lacteals to the bloodstream.

Intact means that there are no cuts, scrapes, or open sores.

Interstitial is relating to spaces within a tissue or organ.

Lacteals are specialized lymph vessels located in the small intestines.

Lymphocytes are white blood cells that specialize to attack specific microorganisms.

Macrophage is a phagocytic cell that ingests or eats invading cells.

Malignant is a cancerous growth or tumor.

Peyer’s patches are specialized lymph nodes located in the intestines that protect the body from invading organisms that enter the digestive system.

Phagocyte is a white blood cell that engulfs and destroys antigens.

