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33.1 Evolution of Immune Systems

A. 
Immunity in Cellular Slime Molds

1. When food is abundant, slime molds live as separate amoeboid cells.

2. When food is sparse, thousands of slime molds join together to form a slug two to four millimeters long.

3. In 2007, a group of researchers at Baylor University discovered a new type of cell within the slug – sentinel cells.
a. Sentinel cells circulate throughout the slug and engulf bacteria and toxins.
B.
Immunity in Drosophila

1. Drosophila melanogaster has a group of cellular receptors that can recognize common components found in pathogenic microbes, but not in their own cells.

2. The receptors bind to pathogen-associated molecular patterns (PAMPS), and trigger an immune reaction.
C.
The Rise of Adaptive Immunity

1. Innate immunity recognizes microbial invaders but does not have an increased response with repeated exposure to the same invader.

2. Adaptive immunity produces a large number of diverse receptors that are found on specialized white blood cells and bind to antigens.

a. Characteristics of adaptive immunity are increased responses to specific antigens and immunological response after exposure to antigen.
33.2 The Lymphatic System 

1.
The lymphatic system consists of lymphatic vessels and lymphoid organs.

2.
This system is closely associated with the cardiovascular system and has three main functions.

a.
Lymphatic vessels absorb excess tissue fluid and return it to the bloodstream.

b. Lacteals receive lipoproteins at the intestinal villi and the lymphatic vessels transport these fats to the bloodstream. 

c. The lymphatic system is responsible for the production, maintenance, and distribution of lymphocytes.

A.
Lymphatic Vessels

1.
Lymphatic vessels are extensive; most regions have lymphatic capillaries.

2.
The structure of the larger lymphatic vessels resembles veins, including the presence of valves. 

3.
The movement of fluid is dependent upon skeletal muscle contraction; when the muscles contract, fluid is squeezed past a valve that closes, preventing it from flowing backwards.

4.
The lymphatic system is a one-way system that begins with lymphatic capillaries.

a.
They take up fluid that has diffused out of the blood capillaries and has not been reabsorbed.

b.
If excess tissue fluid is produced or not absorbed, it will accumulate and result in edema. 

5.
Once tissue fluid enters the lymphatic capillaries, it is called lymph.
6.
Lymphatic capillaries join as lymphatic vessels that merge before entering one of two ducts.

a.
The thoracic duct is larger than the right lymphatic duct.

1)
It serves the lower extremities, abdomen, left arm, left side of the head and neck, and the left thoracic region. 

2)
It then delivers lymph to the left subclavian vein of the cardiovascular system.

b.
The right lymphatic duct is smaller.

1)
It serves the right arm, the right side of the head and neck, and the right thoracic region. 

2)
It then delivers lymph to the right subclavian vein of the cardiovascular system.

B.
Lymphatic Organs
· The primary lymphoid organs are bone marrow and the thymus.

· The secondary lymphoid organs are the sites where some lymphocytes are activated by antigens.
1. The red bone marrow is the origin for all blood cells including all leukocytes that function in immunity.

a. Some lymphocytes become mature B cells in the bone marrow. 

b. Most bones of a child have red bone marrow but in adults, red bone marrow is only in the skull, sternum, ribs, clavicle, pelvic bones, and vertebral column. 

c. Red bone marrow consists of reticular fibers produced by reticular cells packed around thin-walled sinuses.

d. Differentiated blood cells enter the bloodstream at these bone sinuses.

2. The thymus gland is located along the trachea behind the sternum in the upper thoracic cavity.

a. T cells mature in the thymus. The thymus gland is larger in children than in adults and may disappear completely in old age. 

b. The thymus produces thymic hormones, such as thymosin, that are thought to aid in T cell maturation. 

3. Lymph nodes are small (about 1–25 mm) ovoid structures located along lymphatic vessels.

a. A lymph node contains nodules, each packed with B lymphocytes and contain a sinus.

b. Lymph nodes cluster in certain regions of the body and are named accordingly: inunal nodes in the groin and axillary nodes in the armpits.

4. The spleen is located in the upper left abdominal cavity just below the diaphragm.

a. The spleen is similar to a lymph node but it is much larger, about the size of a fist.

b. Instead of cleansing the lymph, the spleen cleanses the blood.

c. A capsule divides the spleen into lobules which contain sinuses filled with blood.

d. Red pulp consists of blood vessels and sinuses where macrophages remove old and defective blood cells; lymphocytes cleanse the blood of foreign particles.

e. White pulp consists of little lumps of lymphatic tissue.

f. If the spleen ruptures due to injury, it can be removed; its functions are assumed by other organs.

g. However, a person without a spleen is more susceptible to infections and may require antibiotic therapy.

5. The tonsils are patches of lymphatic tissue located in a ring around the pharynx.

a. Peyer’s patches are located in the intestinal wall and the vermiform appendix is attached to the cecum—both encounter pathogens that enter the body by way of the intestinal tract.

33.3 Innate Immune Defenses

1.
Immunity is the ability to repel infectious agents, foreign cells, and cancer cells.

2.
The four innate immune defenses include barrier to entry, inflammatory response, natural killer cells, and protective proteins.
A.
Physical and Chemical Barriers


1.
Skin and the mucous membranes lining the respiratory, digestive, and urinary tracts are non-chemical, mechanical barriers. 

2.
Ciliated cells lining the upper respiratory tract sweep mucous and particles up into the throat to be swallowed. 

3.
Oil gland secretions inhibit the growth of bacteria on the skin.

4.
The stomach has a low pH (1.2–3.0) that inhibits the growth of many bacteria.

B. Inflammatory Response

1. If tissue is damaged, a series of events known as the inflammatory response occurs.

2. The inflamed area has four symptoms: redness, pain, swelling, and heat.

3. Chemical signals, e.g., histamine, and mast cells, a type of white blood cell, cause vasodilation and increased permeability of capillaries.

4. Enlarged capillaries produce redness and a local increase in temperature.

5. The swollen area stimulates free nerve endings, causing pain.

6. Neutrophils and monocytes migrate by amoeboid movement to the site of the injury; they escape from the blood by squeezing through the capillary wall.

7. Dendritic cells and macrophages recognize the presence of pathogens and respond by releasing cytokines.  

8. The cytokines stimulate other immune cells.

9. Neutrophils, dendritic cells, and macrophages engulf pathogens.

10. As phagocytic cells die, they, along with dead bacteria, dead tissue cells, and living white blood cells, form pus.

11. Dendritic cells and macrophages move to the lymph nodes and spleen, where they activate B and T lymphocytes.

12. An inflammatory response may also involve the production of a fever, which serves to inhibit the growth of microorganisms and stimulates immune cells.

C.
Phagocytes and Natural Killer Cells

1
Neutrophils are cells that are able to leave the bloodstream and phagocytize (engulf) bacteria in connective tissue.

2.
Eosinophils are phagocytic, but are better known for attacking animal parasites that are too large to be phagocytized.

3.
Macrophages and dendritic cells are the most powerful phagocytic white blood cells that engulf pathogens.

4.
Natural killer (NK) cells kill virus-infected cells and tumor cells by cell-to-cell contact.

a. After stimulation by dendritic cells, they look for a self protein on the body’s cells.

b. NK cells are not specific; they have no memory and their numbers do not increase after stimulation.

D.
Protective Proteins

1. Complement is composed of a number of plasma proteins designated by the letter C and a subscript.

2. It “complements” certain immune responses, which accounts for its name.

3. It amplifies an inflammatory reaction by binding to mast cells, triggering histamine release, and by attracting phagocytic cells to the site of infection.

4. Some complement proteins binds to antibodies already on the surface of pathogens, thereby increasing the probability that pathogens will be phagocytized by a neutrophil or macrophage.

5. Some complement proteins form a membrane attack complex that produces holes in bacterial cell walls and plasma membranes; fluids and salts then enter to the point where the cell bursts. 

6. Interferons are cytokines, proteins produced by virus-infected animal cells.
33.4 Adaptive Immune Defenses

1. If innate defenses fail to prevent an infection, adaptive defenses activate against a specific antigen.

2. We do not ordinarily become immune to our own cells; the immune system can tell “self” from “nonself.”

3. The steps to accomplish a specific defense are:

a.
The immune system is able to recognize particular molecules, called antigens.
1)
An antigen is called a foreign antigen because the body does not produce them; a self-antigen is an antigen that the body produces.



b.
After recognizing antigens, the immune system can respond to them.



c.
The immune system can remember antigens it has met before.

4. Specific immunity is primarily the result of the action of B lymphocytes (B cells) and T lymphocytes (T cells).
a. B cells and T cells recognize antigens because they have antigen receptors—plasma membrane proteins that allow them to combine with particular antigens.

b. B cells give rise to plasma cells that produce antibodies.

c. T cells differentiate into helper T cells, which regulate the immune response, or cytotoxic T cells, which kill virus-infected and tumor cells.

5. B cells are responsible for antibody-mediated immunity.
a. When a B cell in a lymph node of the spleen encounters an appropriate antigen, it is activated to divide.

b. The resulting cells are plasma cells, mature B cells that produce antibodies in the lymph nodes and spleen; the antibodies are identical to the BCR of the B cell that produced them.

6.
T cells are responsible for cell-mediated immunity.

a.
Antigens must be presented to T cells by an antigen-presenting cell (APC).


b.
T cells differentiate into either helper T cells, which release cytokines, or cytotoxic T cells, which attack and kill virus-infected cells and cancer cells.

A.
B Cells and Antibody-Mediated Immunity
1.
Each type of B cell carries its specific receptor on its surface; this is called the B cell receptor (BCR).
2.
The clonal selection theory states that the antigen selects the B cell to produce a clone of plasma cells.

a.
Only one B cell has the BCRs that can combine with the specific antigen clone. The antigen “selects” the B cell that will clone. 

b.
Defense by B cells is called antibody-mediated immunity because most members of the clone become plasma cells that produce specific antibodies.

c.
Some cloned B cells do not participate in antibody production but remain in the blood as memory B cells.

3.
An antibody molecule is a Y-shaped protein molecule with two arms.

a. Each arm has a “heavy” and “light” polypeptide chain.

b. These chains have constant regions and variable regions.

c. The constant regions have amino acid sequences that do not change; the constant regions are not identical among all antibodies.

d. The variable regions have portions of polypeptide chains whose amino acid sequence changes providing antigen specificity; it forms the antigen binding sites of antibodies—their shape is specific to antigen.

e. Another name for antibody is immunoglobulin (Ig).
f. IgG Antibodies 

1) These are the major type in blood; less is in the lymph and tissue fluid.

2) IgG antibodies bind to pathogens and toxins.

g. IgM Antibodies 

1. These are pentamers; they contain five Y-shaped structures.

2. IgM appears in blood soon after an infection begins and disappears before it is over.

3. They are good activators of the complement system.

4. Every plasma cell derived from the same B cell secretes antibodies against the same antigen; these are monoclonal antibodies.
5. Monoclonal antibodies can be produced in vitro.

a.
B lymphocytes are removed from the body (usually mice are used) and exposed to a particular antigen.

b.
Activated B lymphocytes are fused with myeloma cells (malignant plasma cells that divide indefinitely).

c.
Fused cells are called hybridomas because they result from two different cells (hybrid) and one is cancerous, therefore the suffix “-oma.”

6. Monoclonal antibodies are useful because of their extreme specificity for only a particular molecule.

7. They can be used to select out a specific molecule among many others.


8. Monoclonal antibodies are used for quick, reliable diagnosis of various conditions such as pregnancy.

9. They identify infections, sort out different T cells, and distinguish between normal and cancer cells. 

10. They can distinguish cancerous from normal cells and can be used to carry isotopes or toxic drugs to kill tumors.

B.
T Cells and Cell-Mediated Immunity

1. Like B cells, T cells have unique antigen receptors, called the T cell receptor, or TCR.
2. However, the receptors of cytotoxic and helper T cells cannot recognize antigen present in the tissues, lymph, or blood.

3. Instead, antigen must be presented to them by an antigen-presenting cell (APC).
4. When an APC presents a viral or cancer cell antigen, the antigen is first linked to a major histocompatibility complex (MHC) protein; together they are presented to a T cell.

a. The importance of the MHC was recognized when it was discovered it contributes to the difficulty of transplanting tissues from one person to another.

b. When a donor and recipient are histocompatible, it is likely a transplant will be successful.

5. When a macrophage antigen is presented to a T cell, the T cell recognizes the antigen.

a. Once a helper T cell recognizes the antigen, it undergoes clonal expansion and produces cytokines stimulating immune cells to remain active and perform their functions.

b. Once a cytotoxic T cell is activated, it undergoes clonal expansion and destroys any cell that possesses antigen if the cell bears the correct HLA antigen presented earlier.  

c. As the infection disappears, the immune reaction wanes and few cytokines are produced.

6. Apoptosis occurs in the thymus if the T cell bears a receptor to recognize a self antigen; if apoptosis does not occur, T-cell cancers result (i.e., lymphomas and leukemias).

7. Types of T Cells 

a. Cytotoxic T Cells 

1) They destroy antigen-bearing cells (e.g., virus-infected or cancer cells).

2) They have storage vacuoles that contain perforin molecules.

3) Perforin molecules perforate a plasma membrane; water, salts, and enzymes (called granzymes) then enter causing the cell to burst.

4) This is called cell-mediated immunity.
b. Helper T Cells regulate immunity by enhancing the response of other immune cells.

1) When exposed to an antigen, they enlarge and secrete cytokines.
2) Cytokines stimulate the helper T cells to clone and other immune cells to perform their functions.  

c.
HIV infections

1)
The primary host for an HIV (human immunodeficiency virus) is a helper T cell.

2)
The host helper T cell then produces viruses that go on to destroy more helper T cells.

3)
At first, the individual is able to stay ahead of the virus by producing enough helper T cells to keep their number within the normal range.

4)
Gradually the T cell count drops to way below normal.

5)
The infected individual comes down with opportunistic infections.

6)
Now the individual has AIDS.

7)
An HIV infection is presently a treatable disease, but the regimen is difficult to maintain, and viral resistance to the medications is becoming apparent.
1.
Some cytokines are used as therapy for certain cancers, and hepatitis C.
C.
Active Versus Passive Immunity


11. Active Immunity occurs when an individual produces a supply of antibiotics.

a.
However, active immunity is often induced when a person is well so that future infection is prevented.

b.
Immunization uses vaccines to provide the antigen to which the immune system responds.

c.
To prepare vaccines, usually pathogens are treated so they are no longer virulent.

d.
Genetically engineered bacteria can also produce antigen proteins from pathogens; the protein is then used as a vaccine.

e.
After a vaccine is given, the immune response is measured by the antibody level in serum—the antibody titer.

1)
After the first exposure, a primary response occurs from no antibodies to a slow rise in titer.

2)
After a brief plateau, a gradual decline follows as antibodies bind to antigen or simply break down.

3)
After a second exposure, a secondary response occurs and the antibody titer rises rapidly to a level much greater than before; this is a “booster.” 

4)
The high antibody titer is now expected to prevent any disease symptoms if the individual is infected.

f.
Active immunity depends on memory B and memory T cells responding to lower doses of antigen.

g.
Active immunity is usually long-lived although a booster may be required every so many years.

2.
Passive immunity occurs when an individual is given prepared antibodies to combat a disease.

a.
It is short-lived because antibodies are not made by an individual’s own B cells.

b.
Newborn infants are immune to some diseases because the mother’s antibodies have crossed the placenta.

c.
Breast-feeding also promotes passive immunity—the antibodies are in the mother’s milk.

d.
Passive immunity is also needed when a patient is in immediate danger from an infectious disease or toxin.

e.
A person may be given a gamma globulin injection (serum that contains antibodies against the agent) taken from an individual or animal who has recovered from it.
D.
AIDS and Opportunistic Infections (Biological Systems reading)
1.
AIDS (acquired immunodeficiency syndrome) is caused by the destruction of the immune system, followed by an HIV (human immunodeficiency virus) infection.

2.
HIV eventually destroys the immune system cells and the person succumbs to infections that would not cause disease in a person with a healthy immune system.

3.
HIV kills helper T cells by directly infecting them, and also causes uninfected T cells to die by mechanisms, including apoptosis.

4.
It may take up to ten years for an individual helper T cell to become depleted so the immune system can no longer organize a specific response to opportunistic infections (Ols).

5.
Some of the illnesses HIV patients may be susceptible to are: Shingles, Candidiasis, Pneumoctosis pneumonia, Kaposi’s sarcoma, toxoplasmic encephalitis, Mycobacterium avium complex (MAC), and cytomegalovirus.

6.
However, due to the development of powerful drug therapies, people infected with HIV in the U.S. are suffering lower incidence of Ols than in the 1980s and 1990s.

E.
Cancer Vaccines: Becoming a Reality (Nature of Science reading)

1. In April 2010 the U.S. Food and Drug Administration (FDA) approved the vaccine Provenge (sipuleucel-T) for prostate cancer treatment.

2. Provenge is prepared separately for each patient.

3. To prepare for treatment, white blood cells are removed by a procedure called leukaphersis.

4. The white blood cells are then exposed to a protein called PAP that is expressed on prostate cancer cells.

5. The PAP molecule is taken up by the APCs and are further activated using a cytokine called granulocyte-macrophage-CSF.

6. Three days later the cells are infused into the patient and the APCs activate a cytotoxid T-Cell response that destroys prostate cancer cells.

7. A study was conducted that showed patients exposed to this treatment lived for an additional four months compared to patients who did not have Provenge.

8. Some disadvantages of Provenge include: high cost of vaccine, preparing individual vaccines for each patient,
33.5 Immune System Disorders and Adverse Reactions

A.
Immunodeficiencies

1. Severe combined immunodeficiency (SCID)
a. SCID is a genetic immunodeficiency.

b. T and B cells are absent or nonfunctional in individuals so they are susceptible to infections that are not of concern for most people.

c. SCID occurs in about one in 500,000 births.
2. X-linked agammaglobulinemia (XLA)

a. XLA results from a mutated gene on the X-chromosome that is needed for proper development of B cells.

b. XLA affects one in 50,000 males.

3. Secondary immunodeficiencies

a. Secondary immunodeficiences are not genetic and include: malnutrition, irradiation, certain drugs and certain cancers.
B.
Allergies

1.
Allergies are hypersensitivities to substances such as pollen and other everyday substances.

2.
A response to these antigens, called allergens, usually involves tissue damage.

3.
Immediate and delayed allergic responses are two of four possible responses.

a.
Immediate allergic responses occur within seconds of contact with an allergen. 

b.
Coldlike symptoms are common.

c.
IgE antibodies are attached to the plasma membrane of mast cells in tissues and basophils in blood.

d.
When an allergen attaches to IgE antibodies on these mast cells, they release large amounts of histamine and other substances, which cause the cold symptoms or even anaphylactic shock.

e.
Anaphylactic shock is an immediate allergic response that occurs because the allergen has entered the blood stream; it is characterized by a sudden, life-threatening drop in blood pressure.

4.
Allergy shots sometimes prevent the onset of allergic symptoms.

a.
Injections of the allergen cause the body to build up high quantities of IgG antibodies.

b.
These combine with allergens received from the environment before they have a chance to reach IgE antibodies located on the plasma membrane of mast cells and basophils.

5.
Delayed Allergic Response

a.
Delayed allergic responses are initiated by sensitized memory T cells at the site of allergen in the body.

b.
The allergic response is regulated by the cytokines secreted by both T cells and macrophages.

c.
The tuberculin skin test is an example: positive test shows prior exposure to TB bacilli but requires some time to develop reddening of tissue.

C.
Autoimmune Diseases

1.
Autoimmune diseases result when cytotoxic T cells or antibodies mistakenly attack the body’s own cells as if they bear foreign antigens.

2.
The cause is not known but autoimmune diseases sometimes appear following recovery from an infection.

3.
In myasthenia gravis, the neuromuscular junctions do not work properly and muscular weakness results.

4.
In multiple sclerosis (MS), the myelin sheath of nerve fibers is attacked.

5.
Persons with systemic lupus erythematosus present many symptoms before dying from kidney damage.

6.
Heart damage following rheumatic fever and type I diabetes are also autoimmune diseases.

7.
There are no cures for autoimmune diseases, but they are controlled by drugs.

D.
Transplant Rejection

1.
Tissue rejection occurs because cytotoxic T cells cause disintegration of foreign tissue; this is a correct distinguishing between self and nonself. 

2.
Selection of compatible organs and administration of immunosuppressive drugs prevent tissue rejection.

3.
Transplanted organs should have the same type of antigens as in the recipient.

4.
Cyclosporine and tacrolimus both act by inhibiting the response of T cells to cytokines.

5.
Xenotransplantation, the transplantation of animal tissues and organs into human beings, is another way to solve the problem of organ rejection.
