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Chapter 15 – Specific Defenses of the Host: The Immune Response

I. Immunity

A. Specific

B. Foreign vs. Self

C. Substances recognized as foreign provoke an immune response against them (antigens)

D. Self-tolerance – you don’t make antibodies against your own cells or molecules. B and T cells that are self-reactive get eliminated during fetal development in a process called clonal deletion – probably occurs  in the thymus

E. Autoimmunity – occurs if you begin to produce antibodies or immune cells that attack your own tissues ; a failure to recognize and tolerate ”self”

F. Immune response – production of antibodies and specialized lymphocytes
II. Types of Acquired Immunity 

A. Acquired immunity – the protection an animal develops against certain types of microbes or foreign substances. – develops during an individual’s life time.

1. Actively acquired – person is exposed to antigens in the course of daily life

2. Passively acquired – preformed antibodies are transferred from one person to another

B. Naturally Acquired Immunity

1. Naturally acquired active immunity – obtained when a person is exposed to antigens in the course of daily life

2. Naturally acquired passive immunity – natural transfer of antibodies from a mother to her infant. ( transplacental; breast milk, esp. colostrum) –Short term- Lasts weeks to months

C. Artificially Acquired Immunity 

1. Artifically acquired active immunity - results from vaccination (immunization)
a. vaccine – specially prepared antigen introduced into the body – does not cause disease, but stimulates an immune response ( production of antibodies)

b. inactivated bacterial toxins

c. killed microorganisms

d. live, weakened (attenuated) microorganisms

e. parts of microorganisms ( e.g., capsules)

2. Artificially acquired passive immunity – introduction of antibodies into the body; antibodies come from an animal or person who is already immune to the disease.

a. Most antibodies are found in the serum ( fluid remaining after blood has clotted and the cells and clotted matter have been removed)

b. antiserum – blood derived fluids containing antibodies

c. serology – study of reactions between antigens and antibodies

d. If you separate serum proteins by gel electrophoresis, the fraction that contains the antibodies is called the gamma globulin.

e. This type of immunity is immediate but short-lived – antibodies are degraded by the recipient

III. Duality of the Immune System

A. Humoral Immunity ( Antibody-Mediated)

1. involves the production of antibodies to act against foreign substances.

2. Antibodies are found in extracellular fluids: blood, lymph, mucus secretions

3. Defends against : bacteria, bacterial toxins, freely circulating viruses

4. B-cells (lymphocytes) – produce antibodies

B. Cell-Mediated Immunity

1. T-cells (lymphocytes)
a. act against foreign organisms or tissues

b. regulate the activation & proliferation of other immune system cells

2. Defends against

a. bacteria or viruses within phagocytes or infected host cells

b. fungi, protozoa, and helminths

c. primary responder to transplanted tissues and cancer

IV. Antigens and Antibodies

A. The Nature of Antigens

1. usually proteins or large polysaccharides (lipids & nucleic acids aren’t good antigens)

2. Microbial products

Capsules



cell walls

flagella, fimbriae


bacterial toxins

viral protein coats


surfaces of other types of microbes

3. Non-microbial products

Pollen




egg-white

blood cell surface molecules

serum proteins from other individuals or species

surface molecules of transplanted tissues and organs

4. Antigenic determinants ( epitopes) – the region on the antigen that recognizes and interacts with the antibody. ( The interacting region on the antibody is called the antigen-binding site)

5. Hapten – a small compound that is not antigenic unless it is attached to a carrier molecule.

B. The Nature of Antibodies

1. Antibodies – proteins that are made in response to an antigen, that can recognize and bind to that antigen.
2. Highly specific for the antigen that stimulated their production
3. Antigen-binding site – the region that binds to the antigenic determinant – every antibody has at least two.
4. Immunoglobulins – the class of proteins to which antibodies belong
5. Antibody structure

a. Y-shaped 

b. Two identical heavy chains and two identical light chains
c. The chains are linked by S-S (disulfide bridges)

d. The variable (V) regions – 2 at the end of each arm – identical on any one antibody – form the antigen binding siye

e. The constant (C) regions – the stem & lower parts of the Y’s arms -  Will be one of  5 different kinds of constant regions – determines the class of the antibody.

f. The Fc region – the stem of the antibody only – This area can bind to complement or bind to a cell.

6. Immunoglobulin Classes
a. IgG 

1). about 80% of all antibodies in serum.

2). Can cross placenta

3). Neutralize bacterial toxins, trigger the complement system, protect against circulating 

     bacteria and viruses,  coat bacteria (opsonization) to promote phagocytosis

b. IgM

1) very large -  about 5-10% of the antibodies in serum

2) pentamer – 5 monomers held together by a peptide J (joining) chain

3) generally stay in blood ( too large to move into tissues)

4) predominant antibody that responds to red blood cell (ABO group)surface antigens

5) effective at aggregating antigens and in complement reactions

6) enhances phagocytosis ( by opsonization)

7) The 1st antibodies to appear in response to initial exposure to an antigen and is short-lived ; high levels of IgM indicate current infection

8) The second exposure to an antigen produces predominantly IgG. Longer lasting – indicates that immunity against the pathogen was acquired in the more distant past – Could be from previous infection or from vaccination

c. IgA

1) the most common antibody in mucous membranes, saliva, tears, mucus, breast milk

2) only about 10-15% of antibodies in serum, but is the most abundant immunoglobulin in the human body (found in all secretions)

3) serum IgA – found in blood – monomer

4) secretory IgA  - found in secretions – occurs as a dimer

5) prevents attachment of bacteria & viruses to mucosal surfaces ( gut, respiratory tract etc.) – short-lived – provides a shorter term of immunity than IgG.

d. IgD

1) only about 0.2% of total serum antibodies

2) found in blood, lymph, and surfaces of B-cells ( B-cell receptor)
3) function in the maturation of B-cells

e. IgE

1) only about 0.002% of the total serum antibodies.

2) The Fc (stem) region binds to receptors on basophils and mast cells.

3) When antigen ( e.g., pollen ) binds to the IgE attached to a basophil or mast cell, that cell releases histamine.

4) Provoke allergic responses, attracts IgG, complement & phagocytes

5) Especially useful against parasitic worms

V. B Cells and Humoral Immunity

A. B-cell development and differentiation

1. develop from stem cells in bone marrow (adults) and liver (fetuses)

2. mature in bone marrow

3. migrate to lymph node or spleen – recognize and bind antigens - have antigen receptors (called B-cell receptors) on their surface – specific for one antigen.
4. B-cell becomes activated, divides and differentiates into clones, called plasma cells
5. Plasma cells produce antibodies that are directed against the specific antigen that activated the original B-cells.

6. Need the help of T-cells to be stimulated to make antibodies.

B. Activation

1. Each B-cell can produce antibodies against only one antigen. 

2. Mature B-cell has IgM and IgD receptors on surface – 1000’s of  copies – can act as antigen receptors ( bind one specific antigen)

( However, you have many different B-cells – total, you can respond to as many as 100 

million different antigens )

3. These receptors will only bind one specific antigen – when the antigen binds to the antibody on the B-cell surface, the B-cell is activated.

C. Clonal Selection

1. Clonal Selection  - the activated B-cell divides repeatedly – produces large number of clones
2. Each clone carries the same antigen receptor site that was on the original B-cell – therefore will bind the antigen that activated the original B-cell.

3. Some activated B-cells differentiate into plasma cells and start to secrete antibodies – Each plasma cell only lives for a few days, but can produce about 2000 antibody molecules/sec.

4. Some activated B-cells differentiate into memory cells – these provide long-term immunity – When they are challenged by a later exposure to the antigen, they reactivate, undergo clonal selection and begin producing antibodies.

D. Antigen-Antibody Binding and Results

1. agglutination

2. opsonization

3. neutralization

4. activation of complement

5. inflammation

6. antibody-dependent cell-mediated cytotoxicity

E. Immunologic Memory

1. antibody titer – the amount of antibody in the serum

2. initial exposure – no detectable antibody for several days

3. primary response – slow rise in titer; IgM produced first, followed by switch to IgG; gradual decline in titer

4. secondary response – faster, stronger, primarily IgG; produced by memory cells
F. Apoptosis – programmed cell death

1. each day - ~ 100 million lymphocytes made, and same number must die

2.  a genetic program turns on in each cell which causes the cell to digest many of its own structures, then signals phagocytes to clean up the remains.

3. Doesn’t release harmful components that could damage other tissues or trigger an inflammatory response.

VI.   Cell-Mediated Immunity

· Antigens are mostly intracellular in nature 

· Protects against fungi, protozoa, intracellular bacteria & viruses, transplanted & foreign tissue, cancer cells

· Can't be transferred to fetus via the placenta

· Primarily based on the activity of T-cells

 A.  Cytokines

· Chemical messengers that regulate the immune system

· Interleukins - communicate between white blood cells

·  IL-1 - attracts phagocytes (part of inflammation)

· Secreted by activated macrophages - stimulates TH cells to secrete IL-2

·  IL-2 -  stimulates TH cells that have bound to antigen to proliferate

·  Stimulates activated B-cells to divide (clonal selection) and produce antibodies

·  Stimulate TC cells and NK cells to attack  & destroy other infected cells

· Gamma-interferon - inhibits viral replication; 

· Activates macrophages against microbes and tumors

· Tumor Necrosis Factor ( TNF) cytotoxic to tumor (cancer) cells

B.  T-cells
· Have a receptor ( TCR - T-cell receptor) on their surface that will bind to a specific antigen 

· Only recognize antigen when the antigen has been displayed on the surface of an antigen-presenting cell (APC) and is complexed with MHC
· APC's - the main antigen-presenting cells are macrophages and dendritic cells

· MHC - major histocompatibility complex - a group of proteins that are present on the surface of our own cells ( including our APC's) - these determine that a cell is "self";  tissue & organ transplants must be matched according to MHC or they will be rejected

C. Types of T-cells ( 4 Main Types)

 1. T-Helper Cells ( TH)

· Play central role in the immune system

· Have CD4 on surface

· Attacked by HIV

· APC ingests antigen; displays antigen on cell surface along with MHC

· TCR of theTH cell binds to antigen-MHC complex; stimulates the APC to secrete IL-1

· IL-1 stimulates the TH cell to produce Il-2

· IL-2 induces the TH cell to proliferate 

· These  TH clones will stimulate specific B-cells to undergo clonal selection & secrete antibody

· They also stimulate cytotoxic T-cells to attack infected cells

2. Cytotoxic T-cells ( TC)
· Destroy target cells on contact  - cell-mediated cytotoxicity

· Have CD 8 on their cell surface

· Specific - Activated by a TH cell that has recognized and bound specific antigen

· TC cells bind with MHC & antigen complex on the surface of infected cells

· Release perforin - protein that forms pores on the target cell membrane & lyses cell

3. Delayed hypersensitivity T-cells (TD) 
· Function in allergic reactions ( e.g. poison ivy) and rejection of transplant tissue

4. Suppressor T-cells (TS) 
· Turn off immune response when antigen is no longer present

· Have CD-4  -- probably really a functional type of T-helper cell.
E. Non-specific Cells
     
1.  Activated Macrophages
· Ingestion of antigenic material "activates" a macrophage

· Cytokines from TH cells also activate macrophages

· Activated macrophages become more phagocytic; have enhanced ability to eliminate virus-infected cells, intracellular bacteria and cancer cells

      
2. Natural Killer Cells ( NK Cells )
· Destroy viral-infected cells and tumor (cancer) cells

· Also effective against large parasites

· Non-specific - not stimulated by antigen

· Not phagocytic - actually contact the target cell and lyse it

VI. Relationship between Cell-Mediated and Humoral Immunity

A.  T-independent antigens - Some antigens can stimulate B-cells directly - antibodies will be produced without the help of T-helper cells

B. T-dependent antigens --  Many antigens ( bacterial proteins,  viral proteins,  foreign tissues,  foreign red blood cells ) do not directly stimulate B-cells to produce antibodies

· These antigens must be presented to a specific T-helper cell by an APC

· The T-helper cell will then bind to and activate a B-cell that is specific for that same antigen

· This Activated B-cell goes through clonal selection - produces plasma cells, antibodies and memory cells

       
C.  Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)
· Works on large organisms -  pathogens that are too large to be destroyed by  phagocytosis

· B-cells produce antibodies against the organism - these antibodies bind to specific antigens on the surface of the organism

· The Fc portion of the antibody stcks out and can bind to a non-specific cell  ( this is usually a macrophage, NK cell or an eosinophil)

· These non-specific cells secrete enzymes which lyse the pathogen

· Antibody-Dependent - because specific antibody has to bind to the organism's surface and also attach to the non-specific immune cell

· Cell-Mediated Cytotoxicity - because the killing of the organism is done by non-specific immune cells 
