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Chapter 1:  Natural Immunity and Overview of Acquired Immunity.

Objectives:

1.  Describe natural immunity and describe how it works.  There are a few specific facts that you should remember.
Natural (innate or nonspecific) immunity refers to the basic resistance to disease that an individual is born with.  Acquired (specific) immunity requires the activity of a functional immune system.  Presently, we will discuss the natural immunity and the components of the nonspecific immune system.


a.  Mechanical Barriers:  skin and mucous membranes


Mechanical Barriers to Infection.  These contribute to innate immunity by inhibiting the attachment and penetration of infectious agents.  



1.  Intact Skin is the first line of defense against infection.  It consists of keratinized dead cells plus the successive layers of epidermis.  It is virtually impenetrably to all organisms.



2.  Mucus coats the epithelial cells of the mucosa, which protects areas not covered by skin.  Particles & organisms become trapped in the mucus, and are removed by the following two mechanisms:




a.  Beating of Cilia along the respiratory tract.  This mechanism is often damaged by smoking/alcoholism.




b.  Coughing and sneezing dislodges and expels mucus (and its contents)



3.  Shedding of cells that carry microbes provides a mechanical cleansing action



4.  Flushing of microbes by body fluids (tears, saliva, perspiration)



5.  Vomiting and diarrhea also eliminate pathogenic organisms


b.  Biological Barriers:  resident microorganisms create an environment restrictive to entering potentially pathogenic microbes.



1.  Numerous substances found in body secretions provide a natural defense against microorganisms that invade the body.  See Table 1-2 of Module Handout (page 55).  



2.  The acid pH found in most physiologic secretions prevents colonization by microorganisms.  Examples of this are the gastric and vaginal secretions which result in an acidic microenvironment.  These types of environments kill most pathogens and promote growth of nonpathogenic bacteria (lactobacilli).



3.  The sebaceous glands of the dermis produce and oily secretion called sebum, which consists of lactic and fatty acids.  It maintains skin pH at 3 - 5, which is inhibitory to the growth of most bacteria.



4.  Nonpathogenic organisms tend to colonize the epithelial cells of mucosal surfaces.  These normal flora generally outcompete pathogens for attachment sites on the epithelial cell surface and for necessary nutrients.  The influenza virus can get around this by tightly attaching a surface molecule to cells in mucous membranes.  This prevents it from being swept out.  It is for this reason, that some tissues are susceptible to bacterial invasion (mucus linings) and others are not.


c.  Biochemical Barrier:  products of skin and glands of mucous membranes.  Describe the function of lysozyme and interferon.


Physiological barriers that contribute to innate immunity may include body temperature, pH, oxygen tension and various soluble factors.  There are 3 soluble factors that we’re interested in for this question.



1.  Lysozyme:  a hydrolytic enzyme found in mucous secretions.  It is able to cleave the peptidoglycan layer of the bacterial cell wall, making it susceptible to osmotic lysis.  It is present in serum, tears, saliva, nasal secretions and other body fluids, as well as in lysosomal granules.



2.  Interferon:  a group of proteins produced by virus-infected cells.  Interferons binds to nearby cells and induce a generalize antiviral state.  (We learn about this later)



3.  Complement:  a group of serum proteins that circulate in an inactive proenzyme state.  These proteins can be activated by a variety of specific and nonspecific immunologic mechanisms that convert the proenzyme to the active enzyme.  The activated complement components participate in a controlled enzymatic cascade that results in damage to the membranes of pathogenic organisms, either destroying the pathogens or facilitating their clearance.


d.  Phagocytosis:  Phagocytes, especially neutrophils in association with skin and mucous membranes.

Phagocytosis involves the ingestion of particulate material (including whole pathogenic organisms).  (See Figure 1.4 pg. 10).  Basically, the plasma membrane expands around the particulate mater to form a phagosome.  Phagocytic cells include the blood monocytes, neutrophils, and tissue macrophages.  The phagosome will fuse with a lysosome and the ingested material is digested by the lysosomal enzymes.

The following outline should provide some more information that you should be aware of.

1.  General Considerations


a.  Phagocytosis requires:



1.  Energy (active process)



2.  Synthesis of new cell membrane



3.  An active contractile protein system in the cytoplasm

2.  Type of phagocytic cells.


a.  Neutrophils (polymorphonuclear leukocytes, PMNs) are granulocytes that circulate in the blood and migrate quickly in response to local invasion by microorganisms.


b.  Monocytes also circulate in the blood (much fewer #’s than PMNs).  They migrate to the tissues, where they differentiate into macrophages, which reside in all body tissues.  Examples (Kupffer cells are liver macrophages and Histiocytes are connective tissue macrophages) 

3.  Movements of phagocytic cells


a.  Ameboid movement.  Phagocytic cells migrate in and out of blood vessels and throughout the tissues.  Recall the process of movement from capillaries to tissue is called diapedesis. 



b.  Chemotaxis.  Phagocytes move toward other cells or organisms by cytoplasmic streaming in response to chemical agents called chemotaxins  (See Table 1-3 of the module handout pg. 57).

4.  Ingestion and Vacuole formation (See Figure 1-4 of text pg. 10)


a.  When contact with a particle is made, the phagocytic cell engulfs it, forming the phagocytic vacuole we talked about earlier called the phagosome.


b.  Lysosomes then fuse with the phagosome to form a phagolysosome.

5.  Intracellular destruction.  Inside the phagolysosome, the engulfed material is digested.


a.  Lysosomes contain granules of two types.



1.  Primary granules (33%) which are called azurophilic granules.  They contain many hydrolytic enzymes, myeloperoxidase, lysozyme, and arginine-rich basics proteins.



2.  Secondary or specific granules (67%) which contain alkaline phosphatase, lactoferrin and lysozyme.


b.  Secondary granules release their contents into the phagosome first, usually before the vacuole has completely pinched off..


c.  The contents of the secondary granules are partially expelled into the interstitial space; this is exocytosis.



1.  When the process is accelerated and the primary granule contents are also released into the extracellular space, inflammation and tissue destruction can occur.



2.  Other mechanisms of phagocytic degranulation which can lead to tissue damage include:




a.  Exocytosis caused by immune complexes deposited on basement membranes




b.  Neutrophil cell death




c.  Perforation of the cell membrane by ingested crystalline substances, such as monosodium urate in patients with gout.


d.  The contents of the lysosomal granule are important in breaking down ingested material and in killing microorganisms.  The granule contents destroy foreign particles by two mechanism:



1.  Oxygen-independent mechanisms



2.  Oxygen-dependent mechanisms

We will discuss these in the next question!


NOTE:  phagocytes just below the skin and mucous membranes, mainly neutrophils, are part of natural immunity.  They can get rid of substances immediately and not allow contact with the macrophage-lymphocyte system that would induce an immune response (acquired immunity).

Also NOTE:  90% of foreign substances getting into the general circulation are destroyed by the RES system of Macrophages (more about this later).  There are a number of different types of macrophages and all can phagocytize and destroy bacteria.  Only certain special macrophages with surface membrane-bound receptors, coming in contact with lymphocytes and antigen, can initiate an immune response.

2.  Recognize those macrophage lysosomal components that belong to the oxygen-dependent and oxygen-independent mechanism for microbial destruction.


1.  Certain lysosomal proteins kill microorganisms by oxygen-independent mechanisms:



a.  Hydrolytic enzymes include cathepsin, glycosidase, phosphatase, phospholipase, and arylsulfatase, which degrades the slow-reacting substance of anaphylaxis (SRS-A).



b.  Cationic proteins (not enzymes but basic peptides containing large amounts of arginine in polypeptide form e.g. nuclear histones) kill microbes by interacting with essential microbial enzymes and transport proteins



c.  Lysozyme, a mucopeptidase, attacks bacterial cell walls



d.  Lactoferrin acts by binding iron.


2.  Other microbicidal compounds are generated by oxygen-dependent mechanisms in the respiratory burst that accompanies phagocytosis.



a.  Metabolic events during phagocytosis are accompanied by a cellular respiratory burst that produces a number of toxic oxygen metabolites (see Table 1-4 of module handout pg. 58).  The oxygen metabolites generated are superoxide anion, singlet oxygen, hydrogen peroxide, hydroxyl radicals, and halogenating compounds.



b.  In the respiratory burst, the following events take place:




1.  Oxygen consumption increases




2.  Hexose monophosphate shunt (HMPS) activity is stimulated




3.  Production of hydrogen peroxide (H2O2) increases.  H2O2 is a reactive oxidizing agent that kills microbes.




4.  Superoxide anion, singlet oxygen and hydroxyl radicals are produced.





a.  Superoxide anion is molecular oxygen that has picked up an extra electron.






i.  Superoxide anion is extremely toxic to bacteria and tissue, but is very unstable.  It is quickly converted into H2O2 by the enzyme superoxide dismutase.






ii.  H2O2 is still toxic to bacteria but not as potently.  The H2O2 is broken down by the enzyme catalase.






iii.  Persons suffering from chronic granulomatous disease (CGD) have a flaw in the neutrophils with these mechanisms.





b.  In singlet oxygen, one of the electrons has moved to an orbit of higher energy.





c.  Hydroxyl radicals are highly unstable oxidizing agents that react with most organic molecules they encounter.




5.  Myeloperoxidase, in the presence of toxic oxygen metabolites , catalyzes the toxic peroxidation of a variety of microorganisms.  myeloperoxidase comprises 7% of the weight of neutrophils.



c.  The oxygen-dependent agents combine and act synergistically, as in reaction 3 of Table 1-4


3.  List the six secreted products of macrophages.  You do not need to know their function.

In addition to the intracellular destruction of foreign particles, macrophages also secrete many compounds that have a protective effect in the body.  Among these are:

1.  Factors that influence cell differentiation (e.g. colony-stimulating factor)

2.  Cytotoxic factors (e.g. tumor necrosis factor ( (TNF-(, cachectin))

3.  Hydrolytic enzymes (e.g. proteinases such as collagenase, lipase and phosphatase).

4.  Endogenous pyrogen (interleukin-1; IL-1)

5.  Complement components C1 to C5, and properdin and factors B, D, I and H of the alternative pathways ??

6.  Alpha interferon
7.  Various plasma proteins and coagulation factors
8.  Oxygen metabolites such as H2O2 and superoxide anion

9.  Arachadonic acid metabolites such as prostagladins, thromboxanes and leukotrienes.  


4.  Describe the concept of opsonization, even though the mechanism may not be clear until you have had the topics “complement” or “antibody”


1.   Opsonins are substances that bind to particles and make them more susceptible to phagocytosis.



2.  Opsonins found in the serum include the following:




a.  Split products of the complement cascade.





1.  Complement component C3b is the most important complement-derived opsonin; components iC3b and C5b are also active in this process.





2.  Phagocytic cells possess membrane receptors for these molecules (See Table 1-5 of module handout pg. 59)





3.  Thus, bacteria and other foreign particles with one of these molecules on their surface will have and enhanced interaction with the phagocyte.




b.  Antibodies





1.  Phagocytic cells have a receptor for the Fc portion of the IgG molecule, thus enhancing the strength of interaction between the cell can the antibody-coated (i.e., antibody-opsonized) particle that is being engulfed.  





2.  IgG1 and IgG3 are the most active in this process;  IgG2, IgG4 and IgA may also be opsonins for phagocytosis.




c.  Other opsonins in serum




1.  Fibronectin is a glycoprotein that opsonizes and acts like glue to cause neutrophils and their targets to stick together.





2.  Leukotrienes are derivatives of arachadonic acid; some of the leukotrienes are opsonins, Leukotriene LTB4 is chemotactic as well.





3.  Tuftsin, a tetrapeptide split product of an IgG-like molecule called leukokinin, is found in the spleen.  Tuftsin stimulates chemtactic and phagocytic activities.

5.  Describe the non-antibody factors contributing to natural immunity, specifically:  beta lysin, interferons, lactoferrin, lactoperoxidase and lysozyme.

Nonantibody humoral factors contributing to nonspecific immunity


A.  Chemotactic factors attract phagocytes; the chemotaxin C5a is an extremely important split product of C5 generated during complement activation.


B.  Properdin is involved in complement activation by the alternative pathway (?).  As a bactericide, properdin is believed to work in conjunction with antibody and complement (plus Mg2+) 


C.  Interferons are proteins produced, usually, by virally infected cells, and they protect other cells in the area.  There are other triggers for interferon release, but the virus infection is the most common and natural one.



1.  Types of interferons:




a.  Alpha interferon - secreted by macrophages and other leukocytes - is induced by viruses or synthetic polynucleotides




b.  Beta interferon - secreted by fibroblasts - is also induced by viruses or synthetic polynucleotides.




c.  Gamma interferon - also called immune interferon - is secreted by T lymphocytes following stimulation with the specific antigen to which the lymphocyte has been sensitized.



2.  Protective effects of interferons




a.  Interferons activate cellular genes, inducing neighboring cells to produce antiviral proteins that interfere with the translation of viral messenger RNA (mRNA)




b.  Interferons block viral translation by two enzyme-mediated processes





i.  Protein Kinase transfers a phosphate group from ATP to an initiation factor required for protein synthesis.  This phosphorylation inactivates the initiation factor and viral protein synthesis is inhibited.





ii.  Oligonucleotide polymerase synthesizes adenine trinucleotide.  This activates and endonuclease which cleaves mRNA, preventing viral replication.




c.  Other protective actions of interferons are to:





i.   Enhance T cell activity 





ii.  Activate macrophages





iii.   Enhance the expression of major histocompatibility complex (MHC) molecules on cell membranes





iv.  Increase the cytotoxic action of natural killer (NK) cells.


D.  Beta lysin is an antibacterial protein released from blood platelets when they rupture, as in clot formation.  It is active primarily against gram-positive bacteria.


E.  Lactoferrin and transferrin are iron-binding proteins that compete with bacteria for Fe2+

F.  Lactoperoxidase is found in saliva and milk.  Its mechanism of action is similar to that of myeloperoxidase.


G.  Lysozyme hydrolyzes the mucopeptide layer of the cell wall of many different bacteria, making the cell susceptible to osmotic lysis.  This enzyme is present in serum, tears, saliva, nasal secretion and other body fluids as well as in lysosomal granules.

6.  Describe and differentiate the following important cells:  NK cell, K cell and LAK cell.
Lymphocytic cells contributing to nonspecific immunity.  Certain lymphocytic cells are cytotoxic against a variety of targets in the absence of any previous exposure to the targets.



1.  Natural killer cells.  These large granular lymphocytes appear to function in immune surveillance.




a.  Source and location




1.  NK cells are innate.  They are present in the body from time of birth and are not induced by immunologic insult.





2.  They arise from bone marrow precursors but are of a lineage distinct from that of either T or B cells.





3.  NK cells make up 10% - 15% of the lymphocytes in the peripheral blood and 1% to 2% of the lymphocytes in the spleen.  They are absent from the lymph nodes.




b.  Functions




1.  NK cells are cytotoxic for tumor cells and virally infected autologous cells.





2.  They also have been reported to play a role in resistance to some bacterial, fungal and parasitic infections, and to participate in regulation of the immune response through the secretion of lymphokines such as IL-2





3.  Recent evidence suggests that NK cell, not killer (K) cells, may be responsible for antibody-dependent cell-mediated cytotoxicity (ADCC).




c.  Mode of action




1.  NK cells kill their targets by perforating the cell membrane, causing holes to form.






a.  The molecules that are responsible for the pore formation are called perforins.






b.  The end result is depolarization, abnormal ion flux and essential metabolite leakage from the cytoplasm.





2.  NK cells have a membrane receptor for the Fc portion of antibodies IgG1 and IgG3, but will kill targets in the absence of antibody.





3.  Their target range is broad, and they are not subject to MHC restriction.  That is, cytotoxicity by NK cells does not require that the NK cell recognize MHC molecules on the target cells.





4.  NK cells release numerous cytokines during their interaction with the target cells, including alpha and gamma interferons, IL-1 and IL-2, B cell growth factor (IL-4), and lymphotoxin (TNF-().





5.  The cytotoxic activity of NK cells can be significantly enhanced by exposure to IL-2 and the interferons.





6.  NK cells do not possess antigenic specificity and do not acquire immunologic memory following exposure to virus-infected cells or tumor cells.



2.   Antibody-dependent cytotoxic cells.  These cells can kill target cells without the participation of complement, if the target cells are coated with specific antibody.




a.  Functions.  ADCC is thought to play a role in antitumor and antigraft immunity and may be involved in antiviral protection as well.




b.  Types of cells




1.  ADCC has been attributed to a unique subset of lymphocytes called killer (K) cells.





2.  It has recently been proposed, however, that ADCC is really due to cells that bear the CD16 molecule.






a.  The CD16 molecule is found on NK cells and a subset of T lymphocytes.






b.  CD16 is a membrane receptor for the Fc portion of IgG1 and IgG3, which would explain the mechanism of target recognition and interaction.





3.  In addition to NK cells, macrophages and neutrophils also participate in ADCC



3.  Lymphokine-activated killer (LAK) cells



a.  The LAK cells is another naturally occurring cytotoxic cell.  It is a quiescent lymphocyte that is induced into an active cytotoxic state by IL-2, a lymphokine.




b.  The LAK cell is similar in many ways to the NK cell but has an even broader target cell range.



4.  Tumor-infiltrating lymphocytes (TILs) are a type of LAK cell that has been cultured in vitro with IL-2 in the presence of a specific tumor cell.  TILs demonstrate enhance tumorcidal activity when infused back into the donor of the lymphocytes and tumor cells.

B.  Outline:  A pgs. 12 - 22 - Chapter 1


Acquired (specific) Immunity

The cells of the immune system

T cells, B cells, Antigen presenting cells

Functions of humoral and cell-mediated immune responses

Recognition of antigen by B and T lymphocytes

Generation of lymphocyte specificity and diversity

Role of the MHC

Processing and presentation of antigen

Clonal selection of lymphocytes

Cellular interactions required for generation of an immune response


Activation and proliferation of T helper cells


Generation of humoral response


Generation of the cell-mediated Response

Note:  Take time to learn this material well.  It ill make learning the rest of the material so much easier for you.  My suggestion is that you read those pages if you do not already understand that material.

Overview of Acquired Immunity
Objectives:

1.  List the 4 features that characterize all immune responses.

Acquired immune responses are adaptive and display 4 characteristic attributes:

1. Antigenic specificity - permits the immune system to distinguish subtle differences among antigens.

2. Diversity - the immune system is capable of generating a tremendous diversity in its recognition molecules, allowing it to specifically recognize billions of uniquely different structures on foreign antigens.

3. Immunologic memory - after the immune system has recognized and responded to an antigen, a second encounter with the same antigen induces a heightened state of immune reactivity.  This attribute allows for life long immunity to many infectious agents.

4. Self/Nonself recognition - the immune system normally response only to foreign antigens.

2.  List and describe the cells that interact to induce an immune response.

Generation of an effective immune response involves two major groups of cells:  lymphocytes and antigen-presenting cells.


1.  Lymphocytes are one of many types of white blood cells produced in the bone marrow during hematopoiesis.  These cells possess antigen-binding cell-surface receptors, which mediate the defining immunologic attributes (specificity, diversity, memory and recognition).  There are two major populations of lymphocytes -  B lymphocytes (B cells) and T lymphocytes (T cells)



a.  B Lymphocytes



1.  These cells mature within the bone marrow.




2.  The B-cell receptor is a membrane-bound antibody molecule (antibodies are glycoproteins).





a.  The molecule consists of 2 heavy chains and two light chains.





b.  The chains are held together by  disulfide bonds.  See Figure 1-6a




3.  When a naïve B cell (which has not encountered antigen previously), first encounters the antigen for which its membrane-bound antibody is specific, the cell begins to divide rapidly into memory B cells and effector B cells (plasma cells).





a.  Memory B cells have a longer life span and continue to express the membrane bound antibody as the parent cell.





b.  Plasma cells produce the antibody in a form that can be secreted.



b.  T Lymphocytes



1.  These cells mature in the thymus.




2.  During the maturation, the T cell comes to express an antigen-binding receptor on its membrane called the T-cell receptor (TCR).  See Figure 1-6b & 1-6c.




3.  T-cell receptors can only recognize antigen that is associated with cell-membrane proteins known as major histocompatibility complex (MHC) molecules.




4.  When a naïve T cell encounters antigen associated with an MHC molecule on a cell, the T cell proliferates and differentiates into memory T cells and various effector T cells.




5.  There are two subpopulations of T cells :





a.  T helper Cells (TH) - Figure 1-6b






1.  T cells displaying membrane glycoprotein CD4 generally function as TH cells






2.  After a TH cell recognizes and interacts with an antigen-MHC class II molecule complex, the cell is activated and becomes  an effector cell that secretes cytokines (growth factor substances).  Note that the lymphokines are a subset of cytokines.






3.  These cytokines activate B cells, TC cells and macrophages





b.  T cytotoxic Cells (TC) - Figure 1-6






1.  Under the influence of TH derived cytokines, a TC Cell that recognizes and antigen-MHC class I molecule complex proliferates and differentiates into an effector cell called a cytotoxic T lymphocyte (CTL).






2.  The CTL functions in monitoring the cells of the body and eliminating any that display antigen, such as virus infected cells, tumor cells, and cells of a foreign tissue graft.


2.  Antigen-presenting cells (APCs)


a.  It is essential that the activation of TH cells be carefully regulated because an inappropriate TH cell response could have fatal autoimmune consequences.  


b.  To insure regulation of TH cell response, TH can only recognize antigen that is displayed together with the class II MHC molecule on the surface of antigen presenting cells (APCs).



c.  APCs include macrophages, B lymphocytes, and dendritic cells.  They are distinguished by the following two characteristics:



1.  They express class II MHC molecules on their membranes



2.  They are able to delivery a co-stimulatory signal (B7) that is necessary for the TH cell activation.



d.  APCs first internalize antigen (by phagocytosis) and then re-express a part of that antigen together with a class II MHC molecule on their membrane.  The TH cell then recognizes and interacts with the antigen-MHC molecule complex.

3.  Describe how antigens are “recognized” by T and B cells and explain the role of the Major Histocompatibility Complex products in processing and presenting antigens.

1.  Antigens, which are generally large and complex, are not recognized in their entirety by lymphocytes.

2.  B & T lymphocytes recognize discrete sites on the antigen called antigenic determinants or epitopes.  These are the immunologically active regions on a complex antigen.

3.  Recall, that B cells can recognize an epitope alone, but T cells must can only recognize an epitope then it is associated with an MHC molecule on the surface of a self-cell (APCs or altered self cells).

Thus, there are 4 distinct and related cell-membrane molecules that are responsible for antigen recognition by the immune system.  

· Membrane bound antibodies on B cells

· T cell receptors

· Class I MHC molecules present on all nucleated cells

· Class II MHC molecules present on antigen-presenting cells

The Role of the Major Histocompatibility Complex
1.  The major histocompatibility complex (MHC) is a large genetic complex with multiple loci.  The MHC loci encode two major classes of membrane molecules:  class I & class II MHC molecules.

2.  Class I MHC molecules are glycoproteins found on the membrane of nearly all nucleated cells, always in association with a small protein called (2-microgolbulin.  There are 3 class I loci in humans (A, B and C).

3.  Class II MHC molecules are heterodimeric glycoproteins, consisting of an ( & ( chain, expressed by the various specialized cells that function as APCs.  There are 3 class II loci  in humans (DR, DP, and DQ).

· Each class II locus encompasses an ( gene and a ( gene which respectively encode the ( and ( chains of the class II MHC molecule.

4.  Both class I & class II MHC genes are highly polymophic (each gene exists in many different forms ( alleles).  Since each parent gives one allele to the individual for each locus, multiple class I MHC molecules are expressed on each nucleated cell in the body; in addition, multiple class II molecules are expressed on antigen presenting cells.

5.  MHC molecules also function as antigen-recognition molecules, but are not very specific (like the T and B cell receptors).  Rather, individual MHC molecules bind to a spectrum of antigenic peptides derived from the degradation of antigen molecules.  


a.  In both class I and class II MHC molecules, the distal regions of different alleles display wide variation in amino acid sequence.


b.  These distal regions from a cleft within which the antigenic peptide sits, and is presented to T lymphocytes (See Figure 1-9).


c.  Different allelic forms of the genes encoding class I and class II molecules confer different structures on the antigen-binding cleft with different specificity.  So the ability to present an antigen to the T cell depends on the alleles inherited.

Processing and Presentation of Antigen
1.  In order for a foreign particle to be recognized by a T cell, it must be degraded into small antigenic peptides that form physical complexes with class I or class II MHC molecules (this is called antigen processing and presentation).

2.  Whether a particular antigen will be processed and presented together with class I MHC or class II MHC molecules depends on the route that the antigen takes to enter the cell (See Figure 1-10)


a.  Exogenous antigen is produced outside of the host cell and enters by phagocytosis or endocytosis (Figure 1-10a).



1.  Antigen presenting cells (macrophages, dendritic cells and B cells) degrade the ingested exogenous antigen  into peptide fragments within the endocytic processing pathway.



2.  Class II MHC molecules are expressed within the endocytic processing pathway and peptides produced by degradation of antigen in this pathway bind to the cleft within the class II MHC molecules.



3.  The MHC molecules bearing the peptide are then exported to the cell surface.



4.  T cells displaying CD4 recognize antigen associated with class II MHC molecule and thus are said to be class II MHC restricted.  These cells general function as T helper cells.


b.  Endogenous antigen is produced within the host cell itself (viral proteins synthesized within the cell and unique proteins synthesized by cancer cells).



1.  Endogenous antigens are degraded into peptide fragments that bind to class I MHC molecules within the endoplasmic reticulum.



2.  Since all nucleated cells express class I MHC molecules, all cells producing endogenous antigen use this route to process antigen.  



3.  T cells displaying CD8 recognize antigen associated with class I MHC molecules and this are said to be class I MHC restricted.  These cells function as T cytotoxic cells (CTLs).

4.  Describe the cellular interactions required for generation of an immune response.

Cellular Interactions Required for Generation of Immune Responses
Activation and Proliferation of T Helper Cells
1.  The generation of both humoral and cell mediated immune responses depends on the activation of TH cells.

2.  This process begins when antigen-binding receptors on TH cells interact with antigenic peptide - class II MHC complexes on antigen-presenting cells (This is shown in electron micrograph in Figure 1-13 and in schematic drawing in Figure 1-14).

3.  The interaction generates a signal that, together with the necessary co-stimulatory signal, leads to the activation and proliferation (clonally) of the TH cell.  (SEE Figure 1-14a).

4.  The clonally expanded population now can activate B and T lymphocytes that generate humoral and cell-mediated responses respectively.

Generation of the Humoral Response
1.  Antigen cross-links membrane bound antibody molecules on a B cell (Figure 1-14b)

2.  Some of the bound antigen is internalized by receptor-mediated endocytosis.  It is then processed, and the B cell presents the antigenic peptides together with a class II MHC molecule on its membrane.

3.  A TH cell specific for the presented antigen-MHC complex then binds to the complex; as a result of this interaction, the TH cell secretes a number of cytokines.

4.  The cytokines then stimulate the B cell division and differentiation into plasma and memory cells.

Generation of the Cell-Mediated Response
1.  Cytokines secreted by the cloned populations of TH cells help to activate the cell mediated responses.

2.  After a TC cell binds to processed antigen associated with the class I MHC molecules on the membrane of an altered self-cell, IL-2 (cytokines) secreted by TH cells stimulates proliferation and differentiation of the TC cell.  See Figure 1-14c

3.  This process generates cytotoxic T lymphocytes (CTLs), which mediate membrane damage to the altered self-cell leading to cell lysis.

4.  The cytokines also generate populations of memory TH and TC cells.

Chapter 2:  Experimental Systems
The information in this chapter should be used as a reference only.  It deals with various experimental methods, techniques and protocols used to asses immunological states.  See the outline in the notes.

Chapter 3:  Cells and Organs of the Immune System.
The immune system consists of many structures and functionally diverse organs and tissues that are widely dispersed throughout the body.  These organs can be classified on the basis of functional differences as primary or secondary lymphoid organs.  The primary organs provide appropriate microenvironment for lymphocyte maturation.  The secondary organs are uniquely suited to trap antigen and provide sites where mature lymphocytes can interact effectively with that antigen.  The blood vasculature and lymphatic systems interconnect these organs uniting them into a functional whole.  The central cell of the immune system is the lymphocyte.

I.
Outline

The outline for chapter 3 is in the module.  It basically shows an good overview of the topics covered in this chapter.  I will therefore not duplicate it here.

II.
Objectives
1.  Define hematopoiesis, colony forming unit, colony-stimulating factor, interleukin, cytokine, cluster of differentiation.

Hematopoiesis is the formation and development of red and white blood cells from stem cells.  This process depends on various growth factors.  It is shown in Figure 3-2 as an overview.

Colony forming unit this is an arbitrary unit of measure which causes a certain amount of cells to have a certain amount of activity.  It occurs because you don’t have a pure substance which can be quantified in normal measures like grams, seconds, etc.

Cytokines are a type of growth factor defined on the basis of their ability to stimulate the formation of hematopoietic cell colonies in bone marrow.

Colony-stimulating factor (CSF) is a broad class of cytokines that are acidic glycoproteins.  They have the ability to induce the formation of distinct hematopoietic cell lineages.  4 distinct CSFs have been identified:

· multilineage CSF - also known as interleukin 3 (IL-3)

· granulocyte-macrophage CSF (GM-CSF)

· granulocyte-CSF (G-CSF)

· macrophage-CSF (M-CSF)

interleukins are a group of cytokines secreted by leukocytes that primarily affect the growth and differentiation of various hematopoietic and immune-system cells.  See Table 3-1 for the cell lineages affected by interleukins. 

Cluster of differentiation (CD) ( Different lineages or maturational stages of lymphocytes can be distinguished by their expression of membrane molecule recognize by particular monoclonal antibodies.  All of the monoclonal antibodies that react with a particular membrane molecule are grouped together as a cluster of differentiation (CD).  Table 3-4 lists some of the more common CD molecules.

2.  Describe the role of hematopoietic growth factor in leukemia.  Figure 3-6 does a good job of outlining this schematically. 

· Abnormalities in the expression of hematopoietic cytokines or their receptors may result in some leukemias.  

· CSFs are secreted by a limited number of cells, including activated T lymphocytes, macrophages, endothelial cells and bone-marrow stromal cells.  

· Each CSF secreted induces the proliferation and differentiation of only those hematopoietic stem cells and progenitor cells that bear its receptor.  See Figure 3-2.

· Therefore, a defect in the regulation of expression of either the growth factor or its receptor could lead to unregulated cellular proliferation.  The book talks about 3 examples of leukemias:



1.  Failure to down modulate receptor expression following GM-CSF activation may lead to a leukemic state.  The binding of GM-CSF induces down modulation of both G-CSF and M-CSF receptors on normal hematopoietic cells but not on leukemic cells.  SEE Figure 3-6a & b.  The failure to down modulate the receptors may allow leukemic cells to respond to low levels of CSFs that would not induce proliferation of normal down-modulated hematopoietic cells.



2.  Inappropriate expression of a hematopoietic cytokine by a cell bearing a receptor for that cytokine could lead to unregulated cancerous proliferation.  For example, patients with acute myeloid leukemia have been shown to secrete GM-CSF, whereas normal myeloid cells do not secrete this growth factor.  See Figure 3-6c.  



3.  When normal myeloid cell lines bearing receptors for GM-CSF are transfected with cloned GM-CSF cDNA, they autostimulate their own growth in the absence of added GM-CSF (FIGURE 3-6d).  This autostimulation can lead to cancerous proliferation.  An example of this comes from the human adult T-cell leukemia associated with the HTLV-1 retrovirus, which infects human T cells and transforms them into leukemic cells.  

3.  List the seven common types of blood cells (Figure 3-1 and Table 3-3)

If you look at Figure 3-1, you can see the different blood cell types.  They are:

Cell Type
Cells/mm3
%

Red Blood Cells
5.0 x 106


Platelets
2.5 x 105


Leukocytes
7.3 x 103


   Neutrophils

50 - 70

   Lymphocytes

20 - 40

   Monocytes

1 - 6

   Eosinophils

1 - 3

   Basophils

< 1

4.  List some factors secreted by activated macrophages and name the function for each (Table 3-6)

Some Factors Secreted by Activated Macrophages

Factor
Function

Interleukin 1 (IL-1)
Induces activation of TH cells following interaction with antigen-MHC complexes; promotes inflammatory response and fever



Complement Proteins
Promote elimination of pathogens and of inflammatory response



Hydrolytic enzymes
Promote inflammatory response



Interferon alpha (IFN-
()
Activates cellular genes resulting in the production of proteins that confer an antiviral state on the cell



Tumor necrosis factor (TNF-()
Kills tumor cells



Interleukin 6 (IL-6)

GM-CSF

G-CSF

M-CSF
Promote inducible hematopoiesis

5.  List the primary and secondary lymphoid organs in the human.

The organs of hematopoiesis can be divided into primary and secondary lymphoid organs.

The primary lymphoid organs are where the maturation of lymphocytes occurs.  The two tissues in the body that are primary lymphoid organs are:

1. Thymus

2. Bone Marrow

The secondary lymphoid organs are areas that trap antigen and provide sites for mature lymphocytes to interact with that antigen.  The secondary lymphoid tissues are:

1. Lymph Nodes

2. Spleen

3. Various Mucosal-associated lymphoid tissues (MALT)



a.  Tonsils



b.  appendix



c.  Peyer’s Patches of the intestine (Remember from last module?)

Figure 3-16 is a very good picture of the human lymphoid system.

6.  Describe the major function of the following cells:  monocytes, macrophages, neutrophils, basophils, mast cells, dendritic cells, B-cells, T-cells, null cells, and NK cells.

Mononuclear Cells
· The mononuclear phagocytic system consists of circulating monocytes in the blood and macrophages in the tissue.  

· Monocytes circulate in the bloodstream for ~ 8 hours, during which time they enlarge;  they then migrate into the tissues and differentiate into tissue specific macrophages.  See Figure 3-11 for some morphological differences between the two (note that the macrophage is 10x the size of the monocyte).  I believe that the monocytes are just precursors to macrophages and I will ask about this.

· Macrophages are actively phagocytic cells capable of ingesting and digesting exogenous antigens such as whole microorganisms, insoluble debris, injured and dead host cells, and activated clotting factors.

· Macrophages produce and release a number of antimicrobial and cytotoxic substances responsible for the intracellular destruction of phagocytosed microorganisms.  These toxic substances also mediate anti-tumor activity.  Recall, that these substances involve both oxygen-dependent and oxygen-independent mechanisms (See Table 3-5)

· Phagocytosed antigen is degraded within the endocytic processing pathway into peptides that associate with class II MHC molecules.  These peptide-class II MHC complex then move to the macrophage membrane.  (See figure 3-12b).  This renders the macrophages more effective in TH cell activation.

· Finally, macrophages secret a number of important proteins central to the development of immune responses.  These were summarized in Question #4.

Granulocytic Cells

The granulocytes are classified as neutrophils, eosinophils or basophils on the basis of cellular morphology and cytoplasmic staining.  Figures 3-1 and 3-13 illustrate the morphological differences.

Neutrophils
· These cells are produced in the bone marrow during hematopoiesis.  They are released into the blood and circulate for 7-10 hours, before migrating into the tissues where they have ~ 3 day lifespan.

· These cells are the first cell to arrive at the site of inflammation.  The movement of circulating neutrophils into tissues is called extravasation. 

· Neutrophils are active phagocytic cells.  The process of phagocytosis is similar to macrophages, except that the neutrophils contain lytic enzymes and bactericidal substances within primary and secondary granules.

· Neutrophils also use both oxygen dependent and oxygen independent pathways to generate antimicrobial substances.  

· These cells are more likely to kill ingested microorganisms than a macrophage.

Eosinophils

· Eosinophils, like neutrophils are motile, phagocytic cells that migrate form the blood into the tissue spaces.

· Their phagocytic role is much less important, though.  

· It is believed that their major role is in defense from parasitic organisms.  The secretion of the contents of the eosinophillic granules results in damage to the parasite membranes.  ( Chapter 19

Basophils
· Basophils are nonphagocytic granulocytes that release substances from their granules that plays a major role in allergic responses (e.g. Type I hypersensitive reactions) ( This is in Chapter 17.

Mast Cells

· These cells are derived from basophil progenitor cells (Figure 3-2)

· They have large numbers of granules containing histamine and other substances.  

· Mast cells, together with blood basophils, play an important role in the development of allergies.  These are discussed more fully in Chapter 17.

Dendritic Cells

· These cells are named because of their maze of long membrane processes resembling dendrites of neurons.  See Figures 3-2, 3-14 and 3-15.

· Dendritic cells are found in different locations, and are given different names for each of those locations (like macrophages).

· Langerhans cells found in the epidermis and mucous membranes

· Interstitial cells, which populate most organs (heart, lung, kidney, liver, GI)

· Interdigitating cells present in T cell areas of secondary lymphoid tissue

· Circulating dendritic cells (< 0.1% of blood leukocytes) also known as veiled cells

· All of these dendritic cells express high levels of both class II MHC molecules and the co-stimulatory B7 molecule.  They are more potent antigen-presenting cells than macrophages and B-cells

· After capturing the antigen, the cells migrate to lymphoid organs where they present the antigen to T lymphocytes.

· Another type of dendritic cell, the follicular dendritic cell appears to have a different origin and function.  These cells express high levels of membrane receptors for antibody and complement.  Binding of the circulating antibody-antigen complexes by these receptors is thought to facilitate B-cell activation in lymph node.

Lymphoid Cells
The lymphocytes can be broadly subdivided on the basis of function and cell-membrane components into 3 populations:  B cells, T cells, and null cells.  All 3 types are small, nonmotile, nonphagocytic cells, which cannot be distinguished morphologically.

B Lymphocytes
· These cells are distinguished by the presence of membrane-bound immunoglobulin (antibody) molecules which serve as antigen receptors.  There are other molecules that are found on the membrane too:

· B220 (CD45) - functions in signal transduction (Table 3-4)

· Class II MHC molecules - allow for the APC function of the B cell

· CR1 (CD35) & CR2 (CD21) - which are receptors for certain complements (Table 3-4)

· Fc(RII (CD32) - receptor for the carboxyl terminal (Fc) region of IgG (Table 3-4)

· B7 - a co-stimulatory molecule that interacts with CD28 on TH cells

· Interaction between antigen and the membrane abound antibody on the naïve B cell, together with the T cell and macrophage interactions, induces clonal selection of the B cell.  In this process, the B cell divides repeatedly and differentiates into plasma cells and memory cells.

T Lymphocytes
· These cells are named due to their maturation in the Thymus.

· T-cell receptor only recognizes antigen when the antigen is associated with a self-molecule encoded by genes within the MHC.  Thus, the T cell is restricted to binding antigen displayed on self-cells.

· The T-cell system has developed to eliminate altered self-cells (virally infected, cancerous, and grafted cells)

· T cells that express CD4 recognize antigen associated with class II MHC molecules (in general, but not always, these are TH cells).

· T cells that express CD8 recognize antigen associated with class I MHC molecules (in general, but not always, these are TC cells).



TH cells

· Activated TH cells divide and give rise to a clone of effector cells, each specific for the same antigen-class II MHC complex.

· These cells secrete various cytokines, which play a central role in the activation of B cells

TC cells
· Activation of these cells results in differentiation into the effector cell called the cytotoxic T lymphocyte (CTL).  These cells function to recognize and eliminate altered self-cells.

T suppressor cells
· This is a postulated cell that is thought to mediate suppression of the humoral and the cell-mediated branches of the immune system.

Null Cells
These are a small group of peripheral blood lymphocytes that fail to express membrane molecules that distinguish T & B cells.  They also fail to display antigen-binding receptors of either the T or B cell lineage.

· NK (natural killer) cells are a functional population of null cells that make up ~ 5 - 10% of the peripheral-blood lymphocytes.

· NK cells interact with tumor cells in 2 ways:

1. NK cells make direct membrane contact with a tumor cell in a nonspecific, antibody independent process.

2. Some NK cells express CD16, a membrane receptor for the carboxyl-terminal end of the IgG molecule called the Fc region.  These cells bind to antitumor antibodies bound to the surface of tumor cells and subsequently destroy the tumor cell.  Recall, this is called antibody-dependent cell-mediated cytotoxicity (ADCC)

· Chediak-Higashi syndrome is associated with absence of NK cells and increased incidence of lymphomas.

7.  Describe the process of T cell maturation in the thymus including discussion of epithelial cells, hormones and antigen receptors development by positive and negative selection.

· Thymic epithelial cells secrete several hormonal factors necessary for the differentiation and maturation of thymocytes into the various types of mature T cells.  These are

1. (1-thymosin

2. (4-thymosin

3. thymopoietin

4. thymulin

· The antigenic diversity of the T-cell receptor is generated by a series of random gene rearrangement (chapter 11).

· After developing thymocytes being to express antigen-binding receptors, they are subjected to a two-step selection process, so that only T cell recognizing antigenic peptides in the context of self-MHC molecules are released from the thymus.

· Thymic stromal cells, which express high levels of class I and II MHC molecules play a role in this selection process.

· During this selection process, any developing thymocytes that: 

1. Are unable to recognize self-MHC molecules (positive selection)

2. Have a high affinity for self-antigen plus self-MHC (negative selection)

3. Have a high affinity for self-MHC alone (negative selection)

       are eliminated by programmed cell death.  Thus, only cells whose receptor recognizes a self-MHC 
molecule plus foreign antigen are allowed to mature.  More details to come in Chapter 12.

Negative and positive selection?  ( We discuss this in Chapter 12 in more detail.  I think you should wait until then.   (
8.  Describe the composition, structure, cellular content, operation (flow of lymphocytes and other cells) for lymph nodes and the spleen (Figures 3-21 & 3-22).

Lymph Nodes
· As lymph percolates through a node, any particulate antigen that is brought in with the lymph will be trapped by the cellular network of phagocytic cells and dendritic cells.

· Morphologically, a lymph node is divided into three concentric regions (Figure 3-21a)

1. Cortex - which contains lymphocytes (mostly) B cells, macrophages, and follicular dendritic cells arranged in primary follicles.

2. Paracortex - which is populated primarily with T lymphocytes and also contains Interdigitating dendritic cells.

3. Medulla - which is more sparsely populated with lymphocytes, but many of these are plasma cells actively secreting antibody molecules.

· Antigen carried into a regional node by the lymph (through afferent lymph vessels (Figure 3-21b)), is trapped, processed and presented together with class II MHC molecules by the interdigitating dendritic cells in the paracortex, resulting in TH cell activation.  

· Initial activation of B cells also takes place within the T-cell rich paracortex.  Once activated, TH and B cells form small foci consisting largely of proliferating B cells at the edges of the paracortex.  Some of the B cells differentiate into plasma cells secreting IgM and IgG.

· Within 4-7 days of the antigenic challenge, a few B cells and TH cells migrate to the primary follicles of the cortex.  Within the primary follicle, cellular interactions between the B and T cells and the dendritic cells lead to the development of a secondary follicle (germinal center).  See Figure 3-21b

· The germinal center traps antigen complex with antibody and retains the antigen-antibody complexes on the membrane for a long period of time.

· B cells in the germinal complex, divide rapidly into plasma cells and memory cells.  Plasma cells leave the germinal centers and migrate to the medulla where they release a lot of antibody.

· Lymph is brought to the node via several afferent lymph vessels (Figure 3-21b) and leaves via a single efferent lymph vessel.  The fluid leaving is enriched with the antibodies as it passes form cortex to paracortex then to medulla and finally out of the node.

Spleen
· The spleen is like a giant lymph node (This is my assessment, not the book’s)

· It is divided into two compartments, which have functional difference:

1. Red Pulp (Figure 3-22b) - consists of a network of sinusoids and numerous red blood cells (erythrocytes); it is the sire where old RBCs are destroyed and removed.

2. White Pulp (Figure 3-22b) - surrounds the arteries, forming a periarteriolar lymphoid sheath (PALS) populated by T lymphocytes.  The marginal zone, located peripheral to the PALS is rich in B cells organized into primary follicles.

· Initial activation of B and T cells takes place in the T-cell-rich PALS (interdigitating dendritic cells capture antigen and present it with class II MHC molecules to TH cell).

· Once activated, TH cells activate B cells, which then migrate to the primary follicles (B cells)

· When there is a antigenic challenge, the primary follicles develop into secondary follicles (germinating centers) which produce plasma cells.

· Blood born antigen is carried to the spleen by the splenic artery, not by lymphatic vessels!  The artery empties into the marginal zone (antigen is trapped there).

9.  Describe the route of the circulating pool of lymphocytes (Figure 3-19 I think!)

There are basically 2 routes that you should be aware of:  the short route and long route.

The short route is through capillaries within the lymphoid organs themselves ( lymphoid tissue (lymph node directly) ( efferent lymph vessel ( Larger lymph vessels … ( thoracic duct  (  left subclavian vein

The long route is through systemic capillaries ( interstitial spaces (tissue space) ( lymphatic capillaries ( lymphatic vessels ( lymph node ( efferent lymph vessel ( Larger lymph vessels … ( thoracic duct  (  left subclavian vein

The major concept that you should get is that the body is bathed by lymphocytes.

10.  Describe the structure and function of the mucosal-associated lymphoid tissue (MALT)
· mucous membranes lining the digestive, respiratory and urogenital systems have a group of organized tissues collective known as mucosal-associated lymphoid tissue (MALT)

· The GI is the best studied of these, so our discussion only includes this.

· Lymphoid tissue is found in 3 regions within this tissue.

1. Outer mucosal epithelial layer contains intraepithelial lymphocytes (IELs), which are mostly CD8+ T cells.

2. The lamina propria, contains large numbers of B cells, plasma cells, activated TH cells and macrophages.

3. The submucosal layer, which contains lymphoid follicles (called Peyer’s patches).  See Figure 3-23.

· The epithelial cells deliver small samples of luminal antigen to the MALT.  This transport is carried out by M cells (remember form last module ‘M’ is for microfold).  See Figure 3-24

· The M cells have a deep basolateral invagination, which is filled with B cells, T cells, and macrophages (3-24a)

· The M cells lie over the lymphoid follicles of the lamina propria (Figure 3-24b)

· Antigens transported across the mucous membrane by M cells activate B cells in the follicle.  These differentiate into plasma cells, which leave the follicles and secret the IgA class of antibodies.  

· The IgA is transported across the epithelial cells and released as secretory IgA into the lumen when it can interact with antigens.  See Figure 3-24b

Chapter 4:  Antigens and Immunogenicity
The following information should help you understand this chapter.  I have omitted the chapter outline (it is in the notes).

The definitions of antigen and antibody are circular, so for now just remember, antigens induce immunity (antibody and effector T lymphocytes) and bind specifically with the immune components produced.  A hapten can bind specifically with immune components produced by a complete antigen, but cannot induce their formation by itself.  A hapten most often is a small part of a complete antigen.  Typically, a hapten can bind to antibody produced by a related complete antigen.  But, if you inject the hapten alone, no antibody is formed.

The vast majority of antigens are protein, (i.e., glycoproteins, nucleoproteins, lipoproteins or pure proteins and large polypeptides).  Although the whole molecule is the antigen, only small sites on the protein interact with the immune system in a specific way.  These active sites (antigenic determinants or epitopes) are not numerous; albumin (MW ~ 70000) has 3 major B cell binding epitopes.  B cell epitopes can be linear or conformational (See text) and can be as small as 6 - 9 amino acids or considerably larger for globular proteins.  T cell epitopes are linear and usually are 10 - 20 amino acids long.  Each epitope on a protein will function as an independent specific site, inducing and binding with its own antibody and lymphocytes.

Some complex polysaccharides are also antigenic including bacterial polysaccharides.

Foreignness to the immune recognition system is all important.  Lymphocytes have receptors on their surface for binding epitopes on antigen molecules.  When a lymphocyte binds an antigen epitope that is “recognition”.  What follows depends on whether the lymphocyte “sees” the antigen as “self” (tolerance) or as foreign, in which case it will induce an immune response (that is, produce antibody and effector T lymphocytes specific for that epitope).  In general, larger antigens are more immunogenic than smaller ones.  The more structurally complex an antigen is, the greater is the probability it will be recognized as foreign and the degree of foreignness (along with some other factors) dictates the degree of the immunogenicity.  If there are no pre-existing lymphocytes with receptors for a particular antigen epitope, there will be no immune response.  

For the immune system to recognize foreignness, it must recognize “self”; what is not self is considered foreign.  It recognizes as self, proteins that are in constant contact with the lymphocytes, such as, proteins of other blood cells and proteins in the plasma.  Proteins hidden inside tissues and cells (sequestered antigens), when brought out into the circulation, can be recognized as foreign and antibodies produced to them; autoantibodies.  This does not automatically mean autoimmune disease.  These “hidden” antigens can also induce effector T lymphocytes when released in the circulation.

Note that bacteria are a composite of many, many proteins (and complex polysaccharides) and thus consist of many individual antigens with multiple epitopes.

II.  Objectives 

1. Define and differentiate the following terms:

antigen - any substance (usually foreign) that binds specifically to an antibody or a T-cell receptor; often is used as a synonym for immunogen

immunogen - a substance capable of eliciting an immune response.  All immunogens are antigens, but some antigens (haptens) are not immunogens.

Hapten - a low molecular weight compound that is not immunogenic by itself, but when coupled to a carrier can elicit anti-hapten antibodies.  (Figure 4-12).  Dinitrophenol (DNP) is a common hapten.

carrier molecule - an immunogenic molecule containing antigenic determinants recognized by T cells.  Conjugation of a carrier to a nonimmunogenic hapten renders the hapten immunogenic.

antigen epitope (antigenic determinant) - the site on an antigen that is recognized and bound by a particular antibody or T cell receptor;  also called an epitope.

multivalent this means that on a particular antibody, there are multiple antigen reaction/binding sites.

linear epitope - a linear or sequential epitope is one in which the amino acid sequence of the primary protein structure is important for the binding of antibody.  See Figure 4-7a for 5 linear epitopes of sperm whale myoglobin.  This is in contrast to conformational epitopes.

conformational epitope - The residues constituting these epitopes are far apart in terms of primary amino acid sequence, but due to the tertiary structure, the amino acids are brought close together to form an epitope.  These epitopes are therefore dependent on the native protein conformation for their topographical structure.  A good example is shown in Figure 4-7b (hen egg-white lysozyme).

cross-reaction - the ability of a particular antibody or T cell receptor to react with two or more antigens that posses a common epitope.

immunogenicity - is the ability to induce a humoral and/or cell-mediated response:

B cells + antigen ( effector B cells (plasma cells) + memory B cells

T cells + antigen ( effector T cells (CTLs) + memory T cells

antigenicity - is the ability to combine specifically with the final products of the above responses (i.e. antibodies and/or cell-surface receptors).  Thus, all molecules that posses immunogenicity also possess antigenicity, but the reverse is not true..

allogenicity - this refers to the fact that a number of antigens exist in a given population, and an individual only has/expresses a small subset of those.  For example, think about the ABO blood types … an individual only expresses one blood type though.

Tolerogenictiy - this is the capability of producing tolerance to a particular antigen.  Basically the idea is that you treat an individual with an antigen so that they will not later illicit an immune response to that antigen.

antigenic shift - sudden emergence of a new pathogen subtype possibly resulting from genetic re-assortment leading to substantial antigenic differences.

antigenic drift - a series of spontaneous point mutations that generate minor antigenic variations in pathogens and lead to strain differences.  

2.  Define and distinguish among the following terms relating to a host and antigens:  syngeneic (autologous), allogeneic (homologous), xenogeneic (heterologous), and sequestered and tissue specific antigens.

All of the terms really refer to tissue graft, which we cover in a later chapter.

Syngeneic (autologous) refers to the idea that the graft is from an individual to himself or from an identical twin.

Allogeinic (homologous) refers to a graft from one individual to another within the same species (this is what almost all organ donation is).

Xenogenic (heterologous) refers to a graft from one species to another.

Sequestered antigens are those antigens (proteins) in your tissues that are released when you have some sort of trouble (like an MI).  So, if the myocardial cells lyse, they release their contents into the blood and are recognized as foreign.

Tissue specific antigens are sequestered antigens that are found in only a particular tissue (like the heart, liver, lungs, etc.)

3.  List the chemical classes of compounds that can be antigens and discuss their relative immunogenicity based on molecular size and complexity.

· generally, the immune system recognizes either proteins (most potent immunogens) and polysaccharides.  Lipids and nucleic acids of an infectious agent generally do not serve as immunogens unless they are complexed to a protein or polysaccharide.

· Note that for cell-mediated immunity, only proteins serve as immunogens.

immunogenicity is determined by four properties of the immunogen:  foreignness, molecular size, chemical composition and complexity and the ability of the immunogen to be processed and presented with an MHC molecule on the surface of an antigen-presenting cell or altered self-cell.

1. Foreignness - to elicit an immune response, a molecule must be recognized as “nonself” by the biological system.  This recognition ability occurs during a critical phase of development.  As phylogenetic distance between two species increases, the antigenic disparity between them increases.  Thus, bovine gamma globulin (BGG) will have a greater immunogenic response in humans than in goats.  

2. Molecular size - the best immunogens tend to have a molecular mass approaching 100,000 Daltons.  In general, as size an complexity increases, so too will the immunogenicity.

3. Chemical composition and heterogeneity -  a protein that is a homopolymer (composed of a single amino acid sequence) will not elicit an immune response.  As more different amino acids are added, the protein becomes immunogenic.

4. Susceptibility to antigen processing and presentation - macromolecules that cannot be degraded and presented with MHC molecules are poor immunogens.  For example, D-amino acids in proteins will not be cleaved by biological proteases.  Thus, there is no immune response to them.

4. Compare antigen recognition by B cells and T cells (Table 4-4)

Comparison of Antigen Recognition by T cells and B cells
Characteristic
B cells
T cells

Interaction with antigen (Ag)
Involves binary complex of membrane Ig and Ag
Involves ternary complex of T-cell receptor, Ag and MHC molecule



Binding of soluble antigen


Yes
No

Involvement of MHC molecule


None required
Required to display the processed antigen

Chemical Nature of antigens


Protein, polysaccharide, lipid
Only protein

Epitope properties
Accessible, hydrophilic, mobile peptides containing sequential or nonsequential amino acids


Internal linear peptides produced by processing of antigen and capable of binding to MHC molecules.



5.  Describe the home pregnancy test in relation to the use of a hapten in an antigen-antibody reaction.

· Haptens are small organic molecules that are antigenic but not immunogenic.  

· When coupled to a carrier protein, you get a hapten-carrier conjugate.  Animals immunized with such a conjugate produce antibodies specific for (1) the hapten determinant, (2) the unaltered epitopes on the carrier protein, and (3) new epitopes formed b combined parts of both the hapten and carrier (See Figure 4-12

· Many biologically active substances (drugs, peptides, hormones, and steroid hormones), can function as haptens.

· These hapten-carrier conjugates can be used to produce hapten-specific antibodies.  These antibodies are useful for measuring the presence of various substances in the body.

· The original home pregnancy test kit used the antihapten antibodies in a hapten-inhibition assay, which determined if a woman’s urine contained human chorionic gonadotropin (HCG) hormone.  There is an excellent figure which shows this process (Figure 4-13).

6.  Define what a mitogen is; name three commonly used mitogens and mention the target cells they act on.

Mitogens are agents capable of inducing cell division in a high percentage of T or B cells.  Unlike an immunogen, which only activates lymphocytes bearing receptors specific for that immunogen, a mitogen can activate many clones of T or B cells, irrespective of their antigen specificity.  Because of this ability, mitogens are known as polyclonal activators.

3 agents that function as mitogens:

· Lectins - sugar binding proteins which bind specifically to different glycoproteins on the surface of various cells, including lymphocytes.  The binding of lectins often leads to agglutination (clustering) of the cells, which is thought to trigger cellular activation and proliferation.  3 common lectins are:

Characteristics of Three Lectin Mitogens
Characteristic
Concanavalin A 

(CON A)
Phytohemagglutinin (PHA)
Pokeweed Mitogen (PWM)

Source
Jack Beans
Kidney Beans
Pokeweed

Target Cell(s)
T cells
T cells
T & B cells

· Lipopolysaccharides (LPS) - of gram-negative bacterial cell walls function as a B-cell mitogen.  The mechanisms are not known

· Superantigens - bind to residues in the V (variable) region of the T cell receptor and to residues in the class II MHC molecules outside of the antigen-binding cleft (Figure 4-14).  Superantigen cross-links a T cell to a class II MHC molecule even when the T cell receptor does not recognize the bound antigenic peptide, leading to activation of the T cell.

· Common examples are the staphylococcal enterotoxins (SEs) and toxic shock syndrome toxin 1 produced by the gram-positive bacterium Staphylococcal auerus.

7.  List the 3 postulated modes of action of adjuvants (Table 4-3)

Adjuvants (Latin adjuvare = to help) are substances that, when mixed with an antigen and injected with it, serve to enhance the immunogenicity of that antigen.  I believe these are basically used to enhance immunogenicity for experimental reasons.

There are 4 postulated modes of action of the adjuvants:

1. Prolong antigen persistence - Aluminum potassium sulfate (alum), causes antigen to precipitate, which prolongs it effective time of exposure

2. Enhance co-stimulatory signal
3. Induce granuloma formation - a granuloma is a mass of macrophage rich cells that can result when an adjuvant stimulates a local, chronic inflammatory response.

4. Stimulate nonspecific lymphocyte proliferation
Take the time to review the beautiful color plates at the end of this chapter to get a mental image of the structure and interaction of antibody, antigen and MHC binding site.

Also, my suggestion is to read pages 92 - 100 for a more detailed explanation of Question # 4.  All of the information you need to know is in the table I gave, but the text does provide more details that you might/might not be interested in.

Chapter 5:  Immunoglobulins:  Structure and Function
It may help to understand the following several points from the outset:

1. Antibodies are found in serum (clear fluid of clotted blood)

2. The fraction of serum that contains antibodies is the globulin fraction
3. There are several classes of serum globulin that contain antibody

4. These are therefore called “immune globulins” or immunoglobulins (Ig)

5. There are 5 classes of immunoglobulin:  A, G, M, E, D.  They are designated as IgA, IgG, etc.,

6. Although each class has its own structural and biological character, they have a common basic structure.

7. The basis of classification resides in minor differences in the amino acid sequence of the basic structure.

8. These minor structural difference express themselves as antigen epitopes when injected into a foreign species (rabbit, mouse, etc.,) by the production of antibody specific to the individual classes.

9. The epitope or class determinant is present on the constant region of the heavy chain.

10. There are subclasses within some of the immunoglobulin classes and these are also distinguished by minor structural differences.  So IgG is subdivided into 4 subclasses, each having a unique epitope on the H chain constant region.

11. there are two type of light chain, each with a unique amino acid sequence in the constant region that functions as an antigen epitope.  

12. An idiotype is an antigen epitope present in the variable region of the antibody molecule, the region that binds to antigen.

Now you know that an antibody can also be an antigen if it is introduced into a foreign species.  So it is possible to prepare antisera (plural of antiserum) which will identify individual classes of human immunoglobulin by their class epitopes called isotope.  The antigenic determinants on the immunoglobulin molecules are isotypic, allotypic and idiotypic.  (see Figure 5-14 and pgs. 122 - 123 for this)

When studying “Fragments” (A-109), know what the following terms are and their function, but you don’t need to know how they are produced:  Fab, F(ab)’2, Fc.  While studying “Hinge Region”, note that the Ig classes and subclasses vary in the number of S-S bonds in the hinge region - you need not memorize these.

While studying the properties of the Igs, learn which ones are monomers and those that are multiple.  Know what a “J” chain is and a secretory component.  Know each Ig basic structure has two sites for binding antigen.  Know IgG is about 150,000 Daltons in molecular weight, IgA, IgD and IgE are a bit larger and IgM is about 1,000,000 Daltons.  Know IgG, IgM and IgA have subclasses.  Have some idea of the relative concentrations of the Igs in serum and that IgA is highest in body fluids.  Refer to table 5-4, concentrate on the biological properties of Igs.

Objectives:

1.  Describe the basic structure of immunoglobulins (Igs) and be able to label the parts.

· The structure of IgG was the first to be understood and will serve as a model.

· Various protease/chemical  treatments result in different fragments being produced.

1. Papain treatment - gives 2 Fab fragments and 1 Fc fragment (Figure 5-2).  The Fab fragment retains its antigen-binding activity.

2. Pepsin treatment - gives a single F(ab’)2 component, (figure 5-2) which is like 2 Fab fragments.  The Fc component was digested.

3. Mercaptoethanol reduction - gives two heavy chains (50000 MW) and two light chains (25000 MW).  Figure 5-2

· Ultimately, the basic structure was figured out to be something like that in the top of Figure 5-2.  

Light Chain Sequencing
· The amino terminal half of the light chain, consists of 100-110 amino acids, and is found to be quite variable; this gave it its name variable (V) region.  Figure 5-3a - yellow colored stuff.

· The carboxyl-terminal half of the molecule, called the constant (C) region, had two basic amino acid sequences designated as kappa (() and lambda (().  A single antibody molecule contains either a ( light chain or a ( light chain, but never both.  Figure 5-3a - red/orange colored stuff.

Heavy Chain Sequencing
· The amino-terminal, consisting of 100-110 amino acids again shows great variation and is called the heavy chain variable (V) region.

· The remaining part of the heavy chain has 5 basic amino acid sequence patterns ((,(,(,( and 
() that correspond to five different heavy chain constant (C) regions.  

· Each of the different heavy chain constant region sequences is called an isotype.

· It is the heavy chains which determine the class of the antibody molecule (IgA, IgG, etc.,)  See Table 5-1.

· Minor differences in the amino acid sequences of the ( and ( chains have lead to the subclassification of the heavy chains into (1 & (2 and (1, (2, (3 & (4
2.  In regard to the structure and biological properties of Ig, answer the following questions:

a.
Which Ig is highest in concentration in body secretions?
· IgA is the predominant immunoglobulin class in external secretions such as breast milk, saliva, tears, and mucus of the bronchial, genitourinary and digestive tracts. 

b.
Which Ig occurs as a dimer?
· In serum, IgA exists primarily as a monomer, although polymeric forms such as dimers, trimers and even tetramers are sometimes seen.

· In external secretions, IgA (called secretory IgA) consists of a dimer or tetramer, a J-chain polypeptide, and a polypeptide chain called secretory component.  This is seen in Figure 5-17.

c.
Which Igs have “J” chains?

· IgA and IgM both have “J” chains.  The “J” or joining chain is a Fc-linked polypeptide which is disulfide-bonded to a carboxyl-terminal cysteine residue.  It is illustrated well in Figure 5-15 and 5-17a

d.
Which Ig may contain a secretory component?

· IgA contains a secretory component (Figure 5-17)

· IgM also can contain a secretory component, but it plays an accessory role as a secretory immunoglobulin.  I don’t think that you should remember this (trivial).

e.
Which Igs are especially good at fixing complement?

· IgM is the most efficient at fixing/activating complement.  This is because complement activation requires two Fc regions in close proximity, and the pentameric structure of a single molecule of IgM fulfills this.

· IgG3 (Immunoglobulin G, subclass 3) is the next most effective complement activator, followed by IgG1 and IgG2 (inefficient).  

· All of the other Igs fail to fix/activate complement (in the classical way).

f.
Which Ig has five basic units?

· IgM is secreted by plasma cells as a pentamer, in which 5 monomer units are held together by disulfide bonds.  Figure 5-15 illustrates this.

g.
Which Ig class crosses the placenta?

· Only the IgGs cross the placenta.  More specifically, IgG1, IgG3 and IgG4 readily cross the placenta and play an important role in protecting the developing fetus.  IgG2 minimally crosses the placenta.

· No other Igs cross the placenta

h.
Which Igs have a C4 domain?

· The most important one is IgE (but IgM has one too).  It is important because it binds very strongly to the Fc region on mast cells and basophils causing degranulation.

i.
Which Ig may fix complement via the alternate pathway (and not the classical pathway)?

· Basically this is IgA, although it is a really weak mode of action to fix complement by this Ig.  The alternate pathway is more easily fixed by microbial organism (we’ll talk about this in chapter 17).

j.
Which Ig binds to basophils and mast cells through the Fc domain?

· IgE antibodies mediate the immediate hypersensitivity reactions that are responsible for the symptoms of hay fever, asthma, hives and anaphylactic shock.

· IgE binds to Fc receptors on the membranes of blood basophils and tissue mast cells.  Cross-linkage of receptor-bound IgE molecules by antigen (allergen) induces degranulation of basophils and mast cells, releasing mediators of the allergic response (Figure 5-18)

k.
Which Ig has four subclasses?

· IgG has 4 subclasses, which are numbers in decreasing average serum concentrations (IgG1, IgG2, IgG3 & IgG4)

l.
Which Ig may be produced by the fetus indicating an in utero infection?

· IgM is the first immunoglobulin to be synthesized by the neonate. 

m.
Which Ig is predominant in the primary immune response?

· IgM is also the first immunoglobulin class produced in a primary response to an antigen.

n.
Which Ig dominates the secondary immune response?

· IgG makes up ~ 80% of the serum Ig.  It is the major component of the secondary immune response (See Figure 16-19).

o.
Which Ig is highest in concentration in serum?

· IgG (See Figure 5-15 and 5-16 for this molecule) is the most abundant class of immunoglobulin in the serum (constitutes ~ 80% of the total serum immunoglobulin).

p.
Which Ig class protects mucosal surfaces and designate the form the Ig takes that serves this 


purpose.

· Secretory IgA  daily production is greater than that of any other immunoglobulin class.  IgA-secreting plasma cells are concentrated along the mucous membranes surfaces of the respiratory tract, gut, and urogenital tract.

· The plasma cells that produce IgA preferentially migrate (home) to subepithelial tissue, where the secreted IgA binds tightly to a receptor for polymeric Ig molecules on the basolateral membrane (poly-Ig receptor).  See Figure 5-17b

· After polymeric IgA binds to the poly-Ig receptor, the receptor-IgA complex is transported across the epithelial barrier to the lumen.  (figure 5-17b)

· The poly-Ig receptor is then cleaved from the membrane and becomes the secretory component.  (figure 5-17a)

· The secretory component masks sites that may be susceptible to protease cleavage in the secretory IgA (prolongs the life of the IgA in the (gut) lumen).

q.
What is the basis for class distinction and for light chain type?

· Immunoglobulin class distinction is solely based on the 5 basic amino acid sequence patterns ((,(,(,( and 
() of the heavy chain constant region.  See Figures 5-3 and Table 5-1.  

· The distinction between the ( and ( are based on two basic amino acid sequence patterns of the constant region of the light chain (Figure 5-3a)

r.
Describe the nature and role of the hypervariable region and define an idiotype.

· Detailed comparisons of the amino acid sequences of the variable heavy and light chain domains (VH and VL) reveal that the sequence variability is concentrated in several hypervariable (HV) regions.  

· Three HV regions are found in each heavy and light chain and they make up ~ 15% - 20% of the variable domain.

· The remainder of the variable domain is referred to as the framework regions.

· The hypervariable regions function as /form the antigen-binding site of the antibody molecule.  Because the antigen-binding site is complementary to the structure of the epitope, the HV regions are also called complementarity-determining regions (CDRs).

· Each individual antigenic determinant of the variable region is referred to as an idiotope.  Each antibody will present multiple idiotopes; the sum of the individual idiotopes is called the idiotype of the antibody.

s.  Describe the B-cell Receptor Complex

· The carboxyl-terminal domain in membrane-bound immunoglobulin (mIg) differs in structure and function from the corresponding domain in secreted Ig.  In mIg, the carboxyl-terminal domain contains three regions:

1. An extracellular hydrophilic “spacer” sequence of 26 amino acid residues

2. A hydrophobic transmembrane sequence

3. A short cytoplasmic tail




Look at Figure 5-13 (mIg) for this.

· The mIgs are expressed on B cells, and different mIgs are expressed during different maturational periods.

· A puzzle for immunologist was how mIg mediates an activating signal after contact with an antigen.  This is because all isotypes of mIg have very short cytoplasmic tails (3 - 15 amino acids long).

· The answer is that the mIg does not constitute the entire antigen-binding receptor on B cells. 

· The B-cell receptor (BCR) is a transmembrane protein complex composed of mIg and a disulfide-liked heterodimer called Ig-(/Ig-(.

· It is though that the two molecules of this heterodimer associate with one mIg molecule to form a single BCR (figure 5-13).

· The Ig-( & Ig-( chains have long enough cytoplasmic tails which can interact with intracellular signaling proteins.

Chapter 6:  Antigen-Antibody Interactions
In this chapter, you will need to understand a number of in vitro test systems because they will be referred to in many places (in addition to immunology).

Serologic test means using serum and refers to antibody reactions with the corresponding antigen.  You need to know what titer means.  It is a measure of the concentration of antibody (sometimes antigen) and it is determined by making a series of increasing dilutions of the patient’s serum and then adding the antigen to see which dilutions of serum (antibody) gives a positive reaction.  The highest dilution of serum to give a positive reaction is the titer and it is expressed as a reciprocal of the dilution.  For example, a patient serum containing antibody to a bacterium may be diluted first to 1 part serum and 1 part buffer = 1 part serum in a total of 2 parts fluid or ½ dilution.  “Serial dilution” means in a definite and continuous sequence, such as ½, ¼, 1/8, etc.  If the highest dilution of serum to give positive bacterial agglutination was 1/64, then the tier is 64.  This titer may be the usual concentration of antibody to this bacterium found in a healthy population and would indicate the titer in the late convalescence stage.  (Antibody indicates previous contact with this agent)  A person with an active infection may have a titer of 256 and this test result may be of diagnostic value.

In Table 6-3 (pg. 148), observe the sensitivity of some of these assays, but also remember antigen-antibody reactions are highly specific.

Take time to understand the “precipitin reaction in fluid” (See pages 148-149 and Figure 6-4).  It is important to understand that in high antigen excess (in relation to antibody concentration) soluble complexes are formed.  This has relevance to “serum sickness syndrome”  (Chapter 18) and other diseases.

· The interaction between an antibody and a soluble antigen in aqueous solution forms a lattice that eventually develops into a visible precipitate.

· Antibodies that thus aggregate soluble antigen are called precipitins.  

· The valency of both the antibody and antigen must be greater than 1.  This means that both the antibody and antigen must have multiple binding sites for a lattice to develop.

· Precipitation reactions in fluids:

1. A constant amount of antibody is placed in a series of tubes.

2. An increasing amount of antigen is added.

3. After precipitation occurs, the precipitate is removed and measured.

4. You plot the amount of precipitate against the increasing antigen concentrations, yielding a precipitin curve.   See Figure 6-4.

· Too much antibody (antibody excess) gives solubility to the antigen and too much antigen (antigen excess) also causes solubility to increase.  The result is that you lose the quantitative information due to decreased precipitate.

You need to be able to interpret precipitin reactions in gels;  See pgs. 150 - 154 and Figure 6-6 to 6-11.  Take the time because it explains some basic immunology and because the Mancini method is used commonly to measure Ig levels in the serum of patients.

· Immune precipitates can also form in agar matrix (gel).  When antigen and antibody diffuse toward one another, a visible line of precipitation will form.

· As with the precipitation reaction in fluid, visible precipitation occurs in the region of “equivalence”, but not in regions of antigen or antibody excess (See Figures 6-4 and 6-6).

· There are two common types of immunodiffusion reactions:  The radial immunodiffusion (Mancini method) test and the double immunodiffusion (Ouchterlony method) test.  They are shown in Figure 6-6.    

Radial Immunodiffusion (Mancini Method)
· An antigen sample is placed in a well and allowed to diffuse into agar containing a suitable dilution of an antiserum.  (See Figure 6-6 (top)).

· As the antigen diffuses, the region of equivalence is established and a ring of precipitation forms around the well.

· The area of the precipitin ring is proportional to the concentration of antigen.  By comparing the area of the precipitin ring with a standard calibration curve, the concentration of the antigen can be determined.

· The Mancini method is routinely used to quantitate serum levels of IgM, IgG and IgA, but it is not a very sensitive test.

Double Immunodiffusion (Ouchterlony Method)
· This is similar to the Mancini method, except this is really a qualitative test to determine the relationship between the antigens and the number of different Ag-Ab (antigen-antibody) systems present.  

· The pattern of precipitin lines that form when two different antigen preparations are placed in adjacent wells indicates whether or not they share epitopes (Figure 6-8).

· Identity occurs when two antigens share identical epitopes.  The antiserum forms a single precipitin line with each antigen that fuses to give a single curved line of identity (Figure 6-8a).

· Nonidentity occurs when two antigens are unrelated (i.e., share no common epitopes).  The antiserum forms independent precipitin lines that cross. (Figure 6-8b).

· Partial identity occurs when two antigens share some epitopes but one or the other has a unique epitope(s).  The antiserum forms a line of identity with the common epitope(s) and a curved spur with the unique epitope(s). (Figure 6-8c).

There is no need to learn “rocket or two-dimensional electrophoresis”.  Do learn the principle and the procedure of immunoelectrophoresis (Figure 6-9 pgs. 152-154).

· The technique of immunoelectrophoresis is a combination of separation by electrophoresis with identification by double immunodiffusion.

· An antigen mixture is first electrophoresed and separated by charge.  Troughs are then cut into the agar gel parallel to the directions of the electric field, and antiserum is added.

· The agar gel is then incubated in a humid chamber during which time antigen and antibody diffuse towards each other, forming precipitin bands.  See Figure 6-9.

· This test is strictly qualitative.  Rocket electrophoresis is a modification of this process which can be used to do quantitative studies.

Bacterial agglutination is still used in hospitals for diagnosis.   Red cell agglutination is the main technique for the blood banking.  Omit passive agglutination test but understand the mechanism of the agglutination-inhibition test and know some of its uses.  (pgs. 154-156).

· The interaction between antibody and a particulate antigen results in visible clumping called agglutination.  Antibodies that produce such reactions are called agglutinins.  

· Antibody excess inhibits agglutination reactions (called the prozone effect). 

Agglutination inhibition
· This is a modification of the agglutination reaction, which provides a highly sensitive assay of small quantities of antigen.

· Recall the Home pregnancy test (Figure 4-13)?

· Basically what you have is certain antigens are coated onto a large carrier particle (like a RBC or a latex granule).  When reagent antibody is introduced, you will get agglutination of the large particle-antigen complex.

· Now, if you want to test for a particular antigen in the blood or urine,  you incubate the sample with antibody.  

· When you later add the antigen coated carrier to the mixture you’ll get a negative reaction if no free antigen was circulating (the negative reaction is visible clumping (agglutination)).

· If you get a positive reaction (no visible clumping) then you know the antigen was bound in the incubation stage by the reagent antibody.  You won’t see the agglutination.

· Take a look at Figure 4-13

· This type of test is also used to determine drug use or if a virus is present or not.

Immunofluorescence, (pgs. 159 - 160 & Figure 6-16).  Describe the steps and the reagents used in the assay and the difference between a direct and indirect test.
· Antibodies that are bound to cells or tissue sections can be visualized by tagging the antibody molecules with a fluorescent dye.

· The most commonly used dyes are Fluorescein and Rhodamine.  Both dyes are conjugated to the Fc region of an antibody molecule without affecting its specificity.

· Direct staining, the specific antibody (primary antibody) is directly conjugated with the Fluorescein.

· Indirect staining, the primary antibody is unlabeled initially, and then after incubation, a secondary fluorochrome-labeled reagent is added.  So, after Ag-Ab reaction, the fluorochrome is used to visualize the binding.  Basically, see Figure 6-16.

· The reagents used for the indirect method are fluorochrome-labeled anti-isotype antibody (like Fluorescein-labeled goat anti-mouse immunoglobulin)or fluorochrome-labeled protein A

· Subpopulations of lymphocytes labeled with fluorochrome conjugated antibody can be analyzed and sorted on the basis of the intensity of staining in a specialized flow cytometer called a fluorescence-activated cell sorter (FACS)  See Figure 6-17.

Coombs test:  How is the test run and what is it used for (pg. 433 & 487, also Figure ?).  See also pg. 154 Hemagglutination.  The Coombs reagent is used a great deal in blood banking for typing red blood cells.

· The presence of maternal IgG on the surface of fetal red blood cells can be detected by a Coombs test.  Isolated fetal red blood cells are incubated with goat antibody to human IgG (the Coombs reagent).  If maternal IgG is bound to the fetal red blood cells, the cells agglutinate with the Coombs reagent.

RIA (pg. 156) is used a great deal, but because of the danger of working with radioisotopes, several solid-phase RIAs are used instead.  Become familiar with the principle of the test by reading about the microtiter RIA for hepatitis B virus (Figure 6-13).

· This is one of the most sensitive techniques for detecting antigen or antibody.

· The principle involves the competitive binding of radiolabeled antigen and unlabeled antigen.

· In one method, the antibody is immobilized on the walls of microtiter wells.  Then, 125I labeled HBsAg (Hepatitis B surface antigen) and a serum sample are placed in the well.

· After incubation, you collect the supernatant and count gamma rays emanating from it.

· If the number of counts was high, then the serum sample must have been positive for unlabeled HBsAg ( due to infection.  (It “out competes” the radiolabeled HBsAg for the antibody binding to the microtiter well.  Therefore, in the supernatant, there is a lot of the radiolabeled HBsAg left).

· If the number of counts was low, then the serum sample must have been negative for the unlabelled HBsAg ( no infection.  Thus, the radiolabeled HBsAg binds to the antibodies on the well walls and does not come out in the supernatant.

ELISA (pg. 157) is very widely used for the diagnosis of serum hepatitis and AIDS.  With hepatitis B you are looking for the hepatitis surface antigen, designated HBsAg, which is found in the serum of infected individuals.  On the solid phase (plastic tray with 96 wells) is bound the commercial antibody to HBsAg.  When a positive serum (containing viral antigen) is added, the antibody on the plate binds the antigen (“capture”).  Now add to the well a solution containing antibody to HBsAg.  This antibody will bind with the antigen (HBsAg) bound in the well by the first antibody.  This second antibody, however, has linked to it an enzyme (commonly horseradish peroxidase), so when a substrate of the enzyme is added, it will change form a colorless to a colored solution (positive reaction).  Of course, if the test serum has no HBsAg, no capture occurs and the second antibody has nothing to bind to, so is washed away and there is no enzyme to change substrate to a colored solution.  

With AIDS, you are looking for antibody to the virus (HIV).  The virus antigen is bound to the solid phase and the serum from the patient is added to the well.  Antibody in the positive serum binds to the antigen.  Now a solution is added containing antibody to human immunoglobulin with enzyme attached, incubate, wash then add substrate.  If the patient serum is negative, there is no antibody to bind to the virus antigen and the second antibody will be washed way, so there is no enzyme to change the substrate color.  A serum with antibody to HIV will bind antigen, followed by anti-Ig binding to the antigen-antibody complex and color develops due to the enzyme linked to the second antibody.

You should understand the Western Blotting procedure (pgs. 158 - 159 and Figure 6-15).  Also understand the procedure for FACS (Figure 6-17).  Omit Immunoelectron Microscopy.  

· Identification of a specific protein in a complex mixture of proteins can be accomplished by a technique known as Western blotting.  It was named for its similarity to Southern blotting (which detects DNA fragments)  and Northern blotting (which detects mRNA).

· A protein mixture is electrophoretically separated on a polyacryamide slab gel. 

· The protein bands are transferred to a nitrocellulose membrane by electrophoresis and the individual protein bands are identified by flooding the nitrocellulose membrane with radiolabeled antibody specific for the protein of interest.

· Figure 6-15 shows this in overview very well.

· FACS is described above.

Objectives:

1.  Describe the method used to determine the titer of antibody in a patient’s serum.

· This method is described above … it is also found in Bacterial Agglutination pg. 155

2.  Distinguish between the following pair of terms:

agglutination and precipitation

Mancini and Ouchterlony method

RIA and ELISA

· agglutination interactions are between an antibody and particulate antigen, whereas precipitation reactions are between antibody and antigen in solution.

· The Mancini method is quantitative and the Ouchterlony method is qualitative.

· RIA and ELISA are very similar, except that RIA uses a radioisotope and ELISA uses a enzyme conjugated to an antibody that reacts with a colorless substrate to generate a colored reaction.  

3.  Describe the circumstances under which soluble immune complexes (antigen antibody complexes) are produced.

· Insoluble precipitins are only produced when the antigen added is in the equivalence zone (Figure 6-4).  Antigen or antibody excess will result in soluble Ag-Ab complexes.

4.  In the immunodiffusion test, identify “complete identity”, “non-identity” and “partial identity” reactions.

· See above

5.  Describe the method for quantitating immunoglobulin in the serum of a patient using the radial immunodiffusion assay.

· See above, this is the Mancini method.

6.  Describe the reagents and the sequence of steps in the operation of the following assays:

immunofluorescence, direct and indirect (Figure 6-16)

hemagglutination inhibition

Coombs test

Enzyme-linked immunosorbent assay (ELISA)

Radioallergosorbent test (RAST)  - A - 428 Figure 17-10

· The first 4 of these are described above.

· The RAST test detects the serum level of IgE specific for a given allergen. 

· The allergen is coupled to beads or disks, the patient’s serum is added and unbound antibody is washed away.

· The amount of specific IgE bound to the sold-phase allergen is then measured by adding 125I-labled rabbit anti-IgE, washing the beads and counting the bound radioactivity.  Figure 17-10b is an excellent picture.

7.  Describe a method for enumerating B cells and T cells.

· I think this is the FACS method, but I am not 100% sure.  This is described above and in Figure 6-17.

· In addition, you can use monoclonal or polyclonal antibodies to recognize surface Ig on B cells, which T cells lack.

8.  Discuss the forces that hold antigen-antibody complexes together including van der Waals., Coulombic (ionic), hydrogen bonding and hydrophobic interactions.  Know that “fit”, three dimensional conformational complementarity, of antigen epitope and antibody combining site, determine the closeness of interaction and therefore the strength of these bonds (Figure 6-1)

· It is the noncovalent interactions that form the basis of the antigen-antibody (Ag-Ab) binding.  These forces are shown in Figure 6-1:

1. Hydrogen bonding - hydrogen atom is shared between two electronegative atoms

2. Ionic bonds - between oppositely charged residues

3. Hydrophobic interactions - in which water forces hydrophobic groups together to maximize hydrogen bonding of water molecules

4. van der Waals interactions due to the instantaneous dipole moments created in the electron shells of atoms.

· Understand that due to the short range of these interactions (~ 1 Angstrom) the Ag-Ab interaction depends on a very close fit between the antigen and antibody.  This is reflected in the high degree of specificity of those reactions.

9.  Differentiate and define the terms: Affinity and Avidity.

· Affinity is the strength of the total noncovalent interactions between a single antigen-binding site on an antibody and a single epitope.  

· However, the affinity at one binding site does not always reflect the true strength of the antibody-antigen interaction..  When you have a complex antigen (with multiple antigenic determinants) and complex antibodies (with multiple binding sites), the binding at one site will increase the reaction probability at a seconds site.

· The strength of such multiple interactions between an multivalent antibody and antigen is called the avidity.  It is a better measure of biological system’s binding affinity.

Chapter 7:  Hybridomas and Monoclonal Antibody
Attention!  This chapter is not what is seems!   In Kuby’s 3rd version, the information is pretty much contained in chapter 5 as a subheading “Monoclonal Antibodies”.  This begins on page 131 and continues until page 139.

Your goals in this chapter are to learn how monoclonal antibodies are produced, to have a clear idea of what they are and how they are used.

Objectives:
1.  Explain the process for selecting hybrid cells by taking advantage of the de novo and the salvage pathway for synthesis of nucleotides.

· It is possible to fuse one somatic cell with another to form a hybrid cell called a heterokaryon.

· Fusion is accomplished by incubating a suspension of two cell types with an inactivated enveloped virus (Sendai Virus) or with polyethylene glycol.  

· Only a small fraction of the cells fuse and those that do fuse are mostly homogenous parent cells (A-A or B-B cells, not A-B hybrids).

· To separate the A-B hybrids from the A-A and B-B cells, the cells are placed in HAT medium.  This is made from (hypoxanthine, aminopterin and thymidine).

· HAT selection depends on the fact that mammalian cells can synthesize nucleotides by two different pathways:  the de novo pathway and the salvage pathway.  (See Figure 5-21)

· Aminopterin, blocks the de novo pathway, and in doing so forces cells to use the salvage pathway (directly converting purines and pyrimidines into DNA).

· The enzymes catalyzing the salvage pathway include hypoxanthine-guanine phosphoribosyl transferase (HGPRT) and thymidine kinase (TK).  A mutation in either of these two enzymes block the salvage pathway.

· When two types of cells, one with a mutation in TK and one with a mutation in HGPRT are fused and incubated on the HAT medium, then only hybrid cells will grow.  Unfused and homogenous heterokaryons will not survive.

2.  Describe the method for the formation of hybrid cells.

· As mentioned above, these cells are formed by incubating two cell types in a mixture of Sendai virus and polyethylene glycol.  This causes fusion of the membranes and eventually the nuclear material.

· In this chapter, we are concerned with the fusion of normal activated antibody-producing B cells with a myeloma cell (a cancerous plasma cell).  This will give us our monoclonal antibody.

3.   List the three main steps for the production of monoclonal antibodies.

1. Generating B-cell hybridomas by fusing antigen primed B cells and myeloma cells and selecting for fused clones.

2. Screening the resulting clones for those that secrete antibody with the desired antigenic specificity.

3. Propagating the desired hybridomas.

4.  Describe the method for screening the established clones for the desired antibody specificity.

· Once pure clones of anti-body secreting hybridomas are obtained, they must be screened for the desired antigenic specificity.

· Although some hybridomas will produce antibody specific for the antigen used for immunization, others will be specific for unwanted antigens.  

· The supernatant of each hybridoma culture contains its secreted antibody and can be assayed for a particular antigenic specificity in various ways.  Two of the most popular are the ELISA and RIA test we talked about earlier (Figures 6-14 & 6-13)

5.  List some of the uses for monoclonal antibodies.

· As diagnostic agents monoclonal antibody reagents are now available for detecting pregnancy, diagnosing many pathogenic microorganisms, measuring the blood levels of various drugs, matching histocompatibility antigens, and detecting antigens shed by certain tumors.

· Radiolabeled monoclonal antibodies can also be used in vivo for detecting tumor antigens, and permitting earlier diagnosis of some primary and metastatic tumors.

· Immunotoxins composed of tumor-specific monoclonal antibodies coupled to lethal toxins are potentially valuable as therapeutic agents for leukemias.

6.  Describe how CD 4 and CD 8 cells can be identified and quantitated using monoclonal antibody and the FACS technique.

This information is not in chapter 5, it is in Chapter 6 (pg. 160)

· Immunofluorescence has been applied to identify a number of subpopulations of lymphocytes, notably CD4+ and CD8+ T cell subpopulations.  By using the FACS method, these cells can be separated.

· You use flourochrome-conjugated antibody to the CD4+ or CD8+ T cell population and the FACS will sort the cells for you (Figure 6-17).

Chapter 8:  Organization and Expression of Immunoglobulin Genes

Note that this Chapter is actually Chapter 7 & 8 in Kuby’s 3rd edition. 

Objectives:

1.  List the features that distinguish the following cell types in the B cell lineage:  Stem cells, Pre-B cell, Immature B cell, Activated B cell and Plasma cell (Figure 8-3).


Pro B cell
Pre B cell
Immature B cell
Mature B cell

H-chain genes
DHJH
VHDHJH
VHDHJH
VHDHJH

L-chain genes
Surrogate V pre-B and (5 Germ-line ( and (
Surrogate V pre-B and (5 Germ-line ( and (
VLJL
VLJL

RAG-1/2
+
+
-
-

TdT
+
-
-
-

Membrane Ig: Heavy chain
-
(
(
( + (

Light chain
Surrogate light chain
Surrogate light chain
( or (
( or (

I couldn’t find the stuff for stem cells, activated B cells or Plasma cells, but Dr. Lang didn’t have it either.

2.  State the problem of explaining the generation of the great diversity of antibody that exists, from the germ-line and somatic variation theories.

· The features of immunoglobulin structure were difficult to reconcile with classic genetic models.  They needed to account for:

1. Vast diversity of antibody specificity

2. The presence of a variable region at the amino terminal and a constant region at the carboxyl terminal end of Ig heavy and light chains

3. The existence of isotypes with the same antigenic specificity, which result from the association of a given variable region with different heavy-chain constant regions.

· Two models tried to explain how this could happen but each fell short.

1. Germline theories maintained that the genome contains a large repertoire of Ig genes sufficient to generate more than 108 different antibody specifications.  Thus no special genetic mechanisms were invoked to account of antibody diversity.

2. Somatic Variation theories maintained that the genome contains a relatively small number of Ig genes from which are large  number of antibody specificities are generated in the somatic cell by mutational or combination mechanisms.

· Both models failed to explain how stability could be maintained in the constant (C) region, while some kind of diversifying mechanism generated the variable (V) region.  

· Another problem was in explaining how  identical variable-region sequences were associated with different heavy-chain constant regions.

3.  State the central thesis of the Dryer/Bennett genetic model which attempts to explain the great diversity of antibody and immunoglobulin structure.

· Dryer and Bennett suggested that two separate genes encode a single immunoglobulin heavy or light chain, one gene encoding the V region and one gene encoding the C region.  They argued that the two genes must come together at the DNA level to form a continuous message that can be transcribed and translated to yield a single Ig heavy or light chain.

· They also proposed that hundreds of V-region genes were carried in the germ line, whereas only single copies of the C-region class and subclass region need exist.

· This model violated the one gene one polypeptide tenet and wasn’t taken very well.  Like with most great discoveries, the naysayers were silenced as this model was shown to be correct.  There is a life lesson in here somewhere and if you search, you may find it.

4.  Define what a gene segment is and list the gene segments for the kappa and lambda light-chain multigene family and the heavy-chain family (Figure 7-3)

· The ( and ( light chains and the heavy chains are encoded by separate multigene families suited on different chromosomes (Table 7-1).

· In germ-line DNA (i.e. from stem cells), each of these multigene families contains several coding sequences (called gene segments), separated by noncoding regions.

· It is during the B-cell maturation that these gene segments are rearranged and brought together to form functional immunoglobulin genes.

· ( and ( light-chain families contain V (variable), J (joining) and C (constant) gene segments.  The rearranged (during maturation) VJ segments encode for the variable region and the C region encodes of the constant regions.   These are shown for the mouse in Figure 7-3 a & b.

· The heavy chain family contains V (variable), D (diversity), J (joining) and C (constant) gene segments.  The rearranged VDJ gene segments encode the variable region of the heavy chain and again the C region encodes the constant region.  

5.  State the approximate number of variable genes for heavy-chains, kappa and lambda light-chains.

· For the (-chain multigene family, there are ~ 100 V( gene segments, 6 J( segments and 6 C( segments

· For the (-chain multigene family, there are ~ 100 V( gene segments, 5 J( segments and  a single C( segment.  

· For the heavy chain multigene family, there are ~ 100 VH gene segments, 30 DH segments, 6 functional JH segments followed by a series of CH segments.

6.  Describe the V-J rearrangement in light-chain DNA and the V-D-J rearrangement in heavy chain DNA which leads to a protein product (Figures 7-4 & 7-5)

· The assembly of functional genes encoding immunoglobulin light and heavy chains involves recombinatorial events at the DNA level.

· During B-cell maturation, heavy chain variable regions rearrange first, then light chain variable regions.  At the end of this process, each B cell contains a single functional variable region DNA sequence for both its heavy chain and its light chain.

· This process of gene rearrangement leads to generation of mature, immunocompetent B cells; each which is antigenically committed to a single epitope.  Subsequent rearrangement of heavy chain constant region genes generates changes in the Ig class (isotype), without changing its antigenic specificity.

V-J Rearrangement in Light Chain DNA
· The process of rearrangement is shown very nicely for the light chains in Figure 7-4.  

· Rearranged k and ( genes contain the following regions in order from the 5’ to 3’ end: a short leader (L) exon, a noncoding sequence (intron), a joined VJ gene segment, a second intron and a C gene segment.  Upstream from each leader gene is a promoter sequence.

· After the V-J joining (Figure 7-4), the light chain sequence is transcribed by RNA polymerase from the L exon through the C segment to the stop signal, generating a light-chain primary RNA transcript (figure 7-4). 

· The introns in the primary transcript are removed by RNA-processing enzymes and the resulting light chain messenger RNA then exits from the nucleus.

· The light chain mRNA binds to ribosomes and is translated into the light chain protein.

· The leader sequence at the amino terminus pulls the growing polypeptide chain into the lumen of the rough endoplasmic reticulum and then it is cleaved so the leader sequence is not present in the finished light chain product.

V-D-J Rearrangement in Heavy-Chain DNA
· This process is illustrated very well in Figure 7-5.

· Generation of a functional Ig heavy chain has two rearrangements - a DH first joins to a JH segment and then the DHJH segment joins to a VH segment to give the VHDHJH unit that encodes the variable region.

· In heavy chain DNA, variable region rearrangement produces a rearranged gene consisting of the following sequences from the 5’ to 3’ end: an L exon, an intron, a joined VDJ segment, another intron and a series of C gene segments.  A promoter is located upstream as with the light chain.

· RNA polymerase can bind to the promoter sequence and transcribe the entire heavy can gene.

· Both the C( and C( gene segments are transcribed (See Figure 7-5).

· Differential polyadenylation and RNA splicing remove the introns and process the primary transcript to generate mRNA encoding either C( or C(.

· These two mRNAs are then translated and the leader peptide is cleaved leaving finished ( and ( chains.  

· Since two different heavy chains mRNAs are produced following heavy chain variable region gene rearrangement, a mature immunocompetent B cell expresses both IgM and IgD with identical antigenic specificity on its surface.

7.  Explain what is meant by immunoglobulin class switching

· Following antigenic stimulation of a B cell, the heavy chain DNA can undergo a further rearrangement in which he VHDHJH unit can combine with any CH gene segment.  This is called class (isotope) switching.

· The mechanism is not known, but evidence suggests that DNA flanking sequences (termed switch sites) located 2-3 kb (kilo-base pairs) upstream from each CH segment may be involved.

· Of interest is that Interleukin 4 (IL-4) induces class switching from C( to C(1 then C(.

8.  Describe the sequence of synthesis, assembly and secretion of immunoglobulins.

· There is a really good picture of this in Figure 7-20.

· Immunoglobulin heavy and light chain mRNAs are translated on separate polyribosomes of the rough ER.

· Leader sequences guide the chains into the RER lumen and are then cleaved off

· Assembly of light and heavy chains into the disulfide-linked and glycosylated immunoglobulin molecule occurs as the chains pass through the cisterna of the RER.

· Complete molecules are transported to the Golgi apparatus and then into secretory vesicles which fuse with the plasma membranes.  This displays the immunoglobulin or releases it as secretory product.

9.  Describe the five mechanisms that contribute to gene arrangements that lead to the generation of a vast diversity of antibody molecules (Tables 7-2 and 7-3)

· Actually in this new edition, they have found two more mechanisms:

1. Multiple germ-line gene segments

2. Combinatorial V-(D)-J joining

3. Combinatorial association of light and heavy chains 

4. Junctional flexibility

5. P-region nucleotide addition

6. N-region nucleotide addition

7. Somatic hypermutation

Multiple germ line gene segments:

· The existence of multiple JL, DH and JH segments expands the germ line contribution to diversity by contributing to the diversity of the antigen binding sites in antibodies.

Combinatorial V-J and V-D-J Joining:

· Antibody diversity is magnified by the random arrangement of these multiple germ line segments in somatic cells.  1000 VH gene segments can combine with 13 DH segments and any of those can combine with 4 JH segments.  

· The results is a combinatorial equation for the # of combinations = 1000 x 12 x 4 = 48000 for the heavy chain alone.

Combinatorial association of light and heavy chains
· When we realize that the light chains have 1200 (() combinations and 6 (() combinations and these can independently be varied with the heavy chains, you get another combinatorial equation.

· 48000 x (1200 + 6) = 5.8 x 107 combinations!

Junctional Flexibility:

· junctional flexibility generates several productive combinations encoding alternative amino acids at each coding joint, thereby increasing the antibody diversity (Figure 7-14).

· It is found in the 3rd hypervariable region (CDR3) in the Ig light and heavy chain DNA

P-Nucleotide Addition:
· Following the initial single strand DNA cleavage at the junction of a variable-region gene segment and attached signal sequence, the nucleotides at the end of the coding sequences are thought to turn back to form a hairpin structure (Figure 7-8a)

· Cleavage by endonucleases sometimes occurs at a point that leaves a short single stranded region at the end of the coding sequences.

· The regions are called P-nucleotides, because subsequent addition of complementary nucleotides by repair enzymes generates palindromic sequence in the coding joint (Figure 7-15a) leading to variation.

N-Region Nucleotide Addition:

· Variable region coding joints in rearranged heavy chain genes have been shown to contain short amino acid sequences that are not encoded by the V,D or J gene segments.  These amino acids are encoded by N-nucleotides that are added during the joining process by terminal deoxynucleotidyl transferase (TdT).  Figure 7-15b.

· Up to 15 N-nucleotides can be added to both the DHJH and VHDHJH joints.

Somatic Hypermutation:

· Basically, this is when individual nucleotides in the VJ or VDJ units are replaced with alternative bases (very high random mutation rate).

Chapter 9:  Major Histocompatibility Complex
This comes from Appendix 2 of the module (Reference C), not Kuby’s (Chapter 9) Text.  However, I made a few references to Kuby’s figures.

Objectives:

1.  Distinguish between MHC Class I and Class II molecules in regard to: (All in Appendix 2)

Number and designation of genetic loci coding for each class (Figure 4-7)

Structure of the gene products (Figure 4-1 and 4-4)

Distribution of the gene products on the cells of the body (Table 4-1)

Function of each in the immune response (C 48 - 49)

HLA restriction (C 48)

Number and designation of genetic loci coding for each class
· MHC class I molecule includes the HLA-A, HLA-B and HLA-C molecules.  This is shown nicely in Kuby Figure 9-1.

· MHC Class II molecules include the HLA-D region, which is made up of HLA-DP, HLA-DQ, and HLA-DR.  This is also shown in Kuby’s Figure 9-1.

Structure of the gene products
Class I MHC Molecules
· The HLA-A, -B, and -C molecules each consists of a 2 chain structure.  There is a heavy or ( chain which is a polymorphic glycoprotein determined by the genes in the HLA complex.

· There is also a noncovalently linked nonpolymorphic protein, (2-microglobulin determined by a gene on chromosome 15.

· This Class I molecule is shown in Figure 4-1

· The ( chain is divided into 3 regions

1. Extracellular hydrophilic region

· This is divided into 3 domains (1, (2 and (3.

2. Transmembrane hydrophobic region

3. Intracellular hydrophilic region. 

· Most of the HLA antigenic determinants reside on the (1 or (2 domain of the extracellular hydrophilic region.

Class II MHC Molecules
· The class II HLA-DR, -DP and -DQ molecules are also a 2 chain structure (heterodimer).  

· There is an ( chain and a ( chain which are in noncovalent association (Figure 4-4).  

· The ( and ( chains are each divided into 3 regions:  See Figure 4-4.

1. Extracellular hydrophilic region

· This is divided into 2 domains (1, (2 and (1 and (2

· The (2 and (2 domains both show significant homology to domains of immunoglobulin constant regions.

2. Transmembrane hydrophobic region

3. Intracellular hydrophilic region. 

Distribution of the gene products on the cells of the body
· The MHC Class I protein is distributed on the surface of nearly all nucleated cells.  This basically includes all cells.

· The MHC Class II protein is distributed on the surface of immunocompetent cells that present antigen (APCs).  These cells are macrophages, dendritic cells and B cells.

Function of each in the immune response
Class I MHC Molecules
· The Class I MHC molecule presents a processed antigen at its cell surface (this is usually a virus or a cancerous cell’s protein products).

· A CD8 cytotoxic killer T cell can recognize a particular antigen-MHC class I complex.

· After recognition, the CTL kills the target cell.

Class II MHC Molecules
· The class II molecules present processed antigenic peptide fragments to CD4 T lymphocytes (T helper cells) during the initiation of an immune response.

· The activated TH cell is important in activating the humoral component of the immune response (macrophages, B cells, and dendritic cells).

HLA restriction (C 48)

· For an antigen to be recognized by a T lymphocyte, it must be complexed with a MHC molecule.  This is called HLA restriction.  

· For TC cells (CD8), the antigen is HLA restricted to Class I MHC molecules

· For TH cells (CD4), the antigen is HLA restricted to Class II MHC molecules

2.  Be able to draw a rough sketch of the structures of both class I and class II molecules.

· The HLA class I molecule (MHC class I molecule) is shown in Figure 4-2 and 4-3 (top view).  It is also shown in Kuby in color in Figure 9-6 (this is better).

· The HLA class II molecule is shown Figure 4-5, and in Figure 9-8 in Kuby

3.  Define the following:  histocompatibility antigens, polymorphic, haplotype, codominant, HLA private and public antigens, pseudogene, linkage disequilibrium.

histocompatibility antigens - these are the cell surface molecules that are responsible for the rejection of foreign tissue in an immune response.  I think these are just the MHC class I molecules.

polymorphic - simply means that many alternate forms of the gene exist at each locus; these are known as alleles.

haplotype - because of their close linkage, the combination of alleles at each locus on a single chromosome is usually inherited as a unit.  This unit is called a haplotype.  Because individuals inherit one chromosome from each patent, each individual has 2 HLA haplotypes.

Codominant - All HLA genes are codominant, that is that both alleles at a given HLA locus are expressed and 2 complete sets of HLA antigens, one from each parent, can be detected.

HLA private antigens - these are HLA antigens found on a single molecule (an no other).  These antigens are very specific to a particular allele (product of the allele) and they do not really have cross-reactivity.

HLA public antigens - are determinants common to several HLA molecules, each of which additionally bears a distinct HLA private antigen.  In this case, the antigens are more non-specific and will cross-react with different allele products.

Pseudogene - a nucleotide sequence that is a stable component of the genome but is incapable of being expressed.  I’m not sure how this fits into this chapter.

linkage disequilibrium - because we like to think of human mating as random (sorry about the editorial), the frequency of finding a given allele at one HLA locus with a given allele at a second HLA locus should simply be the product of the frequencies of each allele in the population.  However, certain combinations of alleles are found with a frequency exceeding that expected, and this phenomenon is known as linkage disequilibrium.  There are some hypothesis to why this occurs.

· a selective advantage of a given haplotype

· migration and admixture of 2 populations

· inbreeding (especially in Ohio)

· random drift of the gene pool.

4.  Define what is meant by “human leukocyte antigen” (HLA)

· The HLA complex is another name for the MHC - Kuby has an excellent figure which shows the relationship between these.  Figure 9-1.

· The proteins produced are alloantigens; they differ among members of the same species.

· The genes for the HLA proteins are clustered in the major histocompatibility complex (MHC), which is located on the short arm of Chromosome 6.

· Another Figure to take a look at is C Figure 4-7.

5.  From the evolutionary point of view, what is thought to be the purpose of HLA antigens?

· It is thought that this recognition system prevents fusion of members of the species, which in turn, promotes genetic diversity and dissemination of the species over a wider habitat.

6.  Draw a rough sketch of the HLA complex of genes (Figure 4-7)

· Figure 4-7 is a good one, but in Kuby, Figure 9-1 you may get a better appreciation.

7.  List the gene products of the Class III domain of MHC.

· The Class III domain is located between the class I and class II domains.  This locus contains 2 important cytokines (tumor necrosis factor and lymphotoxin) and two complement components C2 and C4.  In addition there is also the properdin factor B (BF).

8.  HLA and disease association:


-  describe the method for demonstrating HLA-disease association.


-  describe the method for demonstrating “absolute risk” (the chance an individual who possesses the disease-association HLA antigen has of actually developing the disease).


-  describe the prototype case of Ankylosing Spondylitis.

Methods for Demonstrating HLA-Disease Association
There are basically 2 ways, to demonstrate HLA disease association;  population studies and family studies.

· population studies determine the statistical associations  to be made between a particular HLA marker gene and a particular disease.

· This association does not necessarily indicate genetic linkage, nor does linkage necessarily indicate association.

· family studies can demonstrate the linkage between a disease susceptibility gene and the HLA marker

I’m not really sure about this stuff.  I couldn’t understand the text (pg. 73 of module handout).

Absolute Risk
Absolute Risk is the chance an individual who possesses the disease-association HLA antigen has of actually developing the disease.  This is not to be confused with Absolut™ Risk, which is the risk that one will make an ass out of him/herself after drinking a fifth of Absolut.

It is calculated by the following formula:
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Where:


p+ = the number of patients possessing the particular HLA antigen


c+ = the number of controls possessing the particular HLA antigen


P  = prevalence of the disease in the general population.

Also, understand relative risk:
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Where:


p+ = the number of patients possessing the particular HLA antigen


c- = the number of controls lacking the particular HLA antigen

c+ = the number of controls possessing the particular HLA antigen

p- = the number of patients lacking the particular HLA antigen

Ankylosing Spondylitis
· This disease can be used as the prototype of HLA-disease associations.  In this case, we are talking about HLA-B27.

· 90% of Caucasian patients with Ankylosing Spondylitis in the U.S. posses HLA-B27, compared with 9% of Caucasian controls.

The relative risk is therefore = (90 x 91)/(10 x 9) = 91.  

· Thus, the risk that an HLA-B27 positive individual is 91 times greater that that of an HLA-B27 negative individual has of developing this disease.

· The prevalence, P, of clinically apparent severe Ankylosing Spondylitis is 0.4%

The absolute risk is = (90/9) x 0.004 = 0.04

· Therefore, of 100 HLA-B27 positive individually, only 4 will actually develop clinically sever Ankylosing Spondylitis.

Chapter 10:  Antigen Processing and Presentation
Objectives:

1.  List the cells having constitutive expression of class II MHC molecules and can function as antigen-presenting cells (APCs).  List the cells capable of induced expression of class II MHC molecules and can function as antigen-presenting cells.  (Table 10-1)

· A variety of cells can function as antigen presenting cells.  The distinguishing feature of these cells is their ability to express class II MHC molecules and to deliver a co-stimulatory signal.  Three cell types are classified as professional antigen-presenting cells:  dendritic cells, macrophages, and B lymphocytes.

1. Dendritic cells are the most effective of the antigen presenting cells.  Because these cells constitutively express a high level of class II MHC molecule and of co-stimulatory activity (B7), they can active naïve TH cells.  

2. Macrophages must be activated by phagocytosing microorganisms before they express class II MHC molecules or the co-stimulatory B7 membrane molecule.

3. B cells constitutively express class II MHC molecules but must be activated before they express the co-stimulatory B7 molecule.  

· Several other cell types, classified as nonprofessional antigen presenting cells, can be induced to express class II MHC molecules or a co-stimulatory signal.  Many of these cells only function as APCs for short periods during a sustained inflammatory response, hence like macrophages do not constitutively express class II MHC.

1. Fibroblasts (skin)

2. Glial cells (brain)

3. Pancreatic beta cells

4. Thymic epithelial cells

5. thyroid epithelial cells

6. vascular endothelial cells

2.  Describe the endocytic and the cytosolic pathways of antigen processing (Figures 10-5 and 10-6)

· Intracellular (endogenous) and extracellular (exogenous) antigens present a somewhat different challenge to the immune system.

· To respond to the challenge, the immune system uses two different antigen-presenting pathways (These are shown well in Figure 10-4 as an overview): 

1. Endogenous antigens are processed in the cytosolic pathway and presented on the cell membrane with class I MHC (See Figure 10-8 for the whole story)

2. Exogenous antigens are processed in the endocytic pathway and presented on the cell membrane with class II MHC (See Figure 10-10)

Cytosolic Pathway
Peptide Generation by Proteases
· Intracellular proteins are degraded into short peptides by a cytosolic proteolytic system possessed by all cells.  Those proteins that are targeted for proteolysis often have a small protein, ubiquitin, attached to them (See Figure 10-5a).

· Ubiquitin-protein conjugates can be degraded by a large multifunctional protease complex called a proteosome.  It is basically a big, hollow cylinder and protein-ubiquitin complex is digested within the cylinder.  (See Figure 10-5b).

Peptide Transport from cytosol into RER
· Peptides generated in the cytosol by the protease are translocated by TAP into the RER in a process requiring ATP.  This is shown in Figure 10-6b

· TAP (transporter associated with antigen processing), is a membrane-spanning heterodimer consisting of two proteins:TAP1 and TAP 2 (Figure 10-6a).

· A couple of interesting things about TAP:

1. It has highest affinity for peptides containing 8 - 13 amino acids (what a coincidence that the class I MHC molecule binds peptides of length of 8 - 13 amino acids optimally).

2. It favors peptides with hydrophobic or basic carboxyl-terminal amino acids (this is also a coincidence, that these are the amino acids preferred as the anchor residues for class I MHC molecule).

Assembly of Peptides with Class I MHC molecules
· The ( chain and (2-microglobulin components of the class I MHC molecule are synthesized on polysomes along the rough endoplasmic reticulum (RER)

· Calnexin is a molecular chaperone, which facilitates the folding of polypeptides.  It is a resident membrane protein of the ER. 

· Within the RER, class I ( chains associate with (2-microglobulin and calnexin into a partially folded state.  This is shown in Figure 10-7.

· The calnexin-associated ( chain-(2-microglobulin heterodimer then physically associates with the TAP protein (Figure 10-6b).  This association promotes peptide capture by the class I molecule before the peptides are exposed to the luminal environment of the RER.

· Due to the peptide binding, the class I molecule becomes increasingly stable and dissociates from the calnexin and TAP proteins.  

· For the rest of the story (movement from the RER to the Golgi to the membrane is summarized in Figure 10-8).  Figure 10-8 is a very good overview of the whole process.

Endocytic Pathway
Peptide Generation in Endocytic Vesicles
· Once an antigen is internalized (by phagocytosis, endocytosis, pinocytosis), it is degraded via the endocytic processing pathway.  See Figure 10-9

· This pathway involves 3 increasingly acidic compartments which the antigen is passed to consecutively:  early endosomes (pH 6.0 - 6.5), later endosomes or endolysosomes (pH 5.0 - 6.0), and lysosomes (pH 4.5 - 5.0).   This is shown in Figure 10-9.

· The mechanism of antigen transfer is not known.

· Within the compartments, antigen is degraded into oligopeptides of ~ 13-18 residues, which bind to class II MHC molecules.

Transport of Class II MHC Molecules to the Endocytic Vesicles
· Since antigen-presenting cells express both class I and class II MHC molecules, we need a mechanism to prevent class II molecules (synthesized in the RER) from binding to the same set of antigenic peptides as the class I molecules.

· When a class II molecule is synthesized in the RER, it associates with another protein called the invariant (Ii) chain.  Three pairs of the class II (( chains associate with a invariant chain trimer.

· The invariant chain timer plugs up the peptide binding site of the class II molecule (Figure 10-10), preventing any endogenously derived peptides from binding to the cleft while still in the RER.

· The invariant chain also helps fold the ( and ( class II chains and assists with their exit from the RER.

· The invariant chain contains sorting signals that routes the transport of the class II MHC complex from the trans-Golgi network to the endocytic compartments.

Assembly of Peptides With Class  II MHC Molecules  

· Basically the path of the Class II MHC molecules is RER ( Golgi complex (  trans-Golgi Network ( Early endosomes  ( late endosomes  ( lysosomes.

· As the protease activity increases in each successive compartment, the invariant chain is gradually degraded (Figure 10-10).

· However, a short fragment of the invariant chain called CLIP (class II-associated invariant chain peptide) remains bound to the class II molecule.  This prevents premature binding of antigenic peptide.  (Figure 10-10)

· A class II MHC like molecule called HLA-DM facilitates the exchange of CLIP with antigen in class II molecules. (figure 10-10)

· Once the antigenic peptide has bound, the peptide-class II complex is transported to the plasma membrane where the neutral pH stabilizes the structure.

· There is an excellent overview picture in Figure 10-8.

3.  Define and distinguish the following terms.

Phagocytosis/endocytosis/pinocytosis

Class I MHC/Class II MHC

constitutive/inducible

cytosolic/endocytic

endosome/lysosome/endolysosome

ubiquitin/proteosome/low molecular-mass polypeptide

Phagocytosis is the process by which certain cells (phagocytes) engulf microorganisms, other cells and foreign particles.

Endocytosis is the process by which cells ingest extracellular macromolecules by enclosing them in a small portion of the plasma membrane, which invaginate and is pinched off to form an intracellular vesicle containing the ingested material.

Pinocytosis a type of endocytosis in which a cell ingests extracellular fluid and soluble materials contained within that fluid.

Class I MHC - a molecule that presents antigen to CD8 T cells.  This effects a cytotoxic reaction to the cell.

Class II MHC - a molecule that presents antigen to CD4 T cells.  This effects the humoral immune reaction.

Constitutive - I think this refers to cells that have class II MHC on their membrane all the time.  This is contrasted to inducible which refers to cells that are the nonprofessional antigen presenting cells and the professional cell macrophage.

endosome/endolysosome/lysosome - these are defined in question #2, basically they are enzyme containing sacs that get progressively more acidic (endosome is least acidic and lysosome is most acidic).

Ubiquitin & proteosome - this is the functional proteins that degrade endogenous antigen via the cytosolic pathway.

low molecular-mass polypeptide - this a the ubiquitin and proteosome complex.  It is actually bigger than that, and includes other cell components.  It is essentially a complex (associated with intracellular antigen presentation) that digests the various proteins.  

4.Describe the process of class I MHC molecule formation and the binding of endogenous peptide in the RER of the cell (Figure 10-7)

· This is described in more detail above in Question #2, and is shown well in Figure 10-7

5.  Describe the process of class II MHC molecule formation, the binding of peptide and the role of the invariant chain (Figure 10-10)

· This too is described in more detail in question # 2, and is shown in Figure 10-10

6.  Describe the current model of the pathway by which endogenous antigens are processed and presented (Figure 10-8).

See question #2, Figure 10-8 shows this overall process well for both exogenous and endogenous antigens.

Chapter 11:  The T Cell Receptor
Objectives:
1.  List the members of the TCR multigene family in humans and their chromosome location.(Table 11-1

TCR Multigene Families in Humans


Number
of
Gene 
Segments

Gene
Chromosome Location
V
D
J
C

( Chain
14
50

70
1

( Chain
14
3
3
3
1

( Chain
7
57
2
13
2

( Chain
7
14

5
2

2. Describe in brief outline form, the mechanism by which TCR genes are rearranged to form a functional receptor gene (Figure 11-6)

· The organization of the gene segments in the germ-line DNA encoding the ( and ( chains of the T-cell receptor (TCR), is generally analogous to that of the immunoglobulin germ line DNA.

· The ( chain, like the Ig Light chain, is encoded by V, J and C gene segments.  

· The ( chain, like the Ig-heavy chain, is encoded by V, D, J and C gene segments.  

· The mechanisms by which the TCR germ-line DNA is rearranged to for functional receptor is similar to the mechanisms used in Ig-gene rearrangements.  It is illustrated well in Figure 11-6.

1. The ( chain undergoes a variable-region V(-J( joining.  (like the light chain Ig)

2. The ( chain DNA, undergoes two variable region joining, first a D( to J(and then V( to D(J(.

3. Transcription of the rearranged gene yields primary transcripts, which are processed to give mRNAs encoding the ( and ( chains of the membrane bound TCR. 

4. The leader sequence is cleaved from the nascent polypeptide chain and is not present in the finished protein.

5. As no secreted TCR is produced, differential processing of the primary transcript does not need to occur.

· The general structure of rearranged TCR genes is shown in Figure 11-7.  It is quite good.

3.  List the mechanisms by which the diversity of the TCR is generated (Table 11-2)

· Each of the mechanisms are similar to the Ig generation of diversity, except the TCR also has alternative joining of D gene segments.

1. Combinatorial V-J and V-D-J joining

2. Alternative joining of D gene segments

3. Junctional flexibility

4. N-region nucleotide addition

5. P-region nucleotide addition

6. NOT somatic mutation

· alternative joining of D gene segments can occur while the one-turn/two-turn joining rule is observed (See chapter 7 pgs. 172 - 173 if you are interested in this).  So, this means that that a V( gene segment  can join directly with a J( or D(  gene segment, generating a (VJ)( or (VDJ)( unit.  Alternative joining of (-chain gene segment generates similar units; in addition one D( can join with another, yielding (VDDJ)( or even (VDDDJ)( .

· This mechanism, which cannot occur in Ig heavy chain DNA, generates a lot of additional diversity in TCR genes.

4.  Although the TCRs are encoded by far fewer V-gene exons than the immunoglobulins, explain how there is even greater diversity in the TCR molecule (Table 11-3 7 Figure 11-6)

There a several reasons that contribute to this:

1. There are a greater number of J segments in TCR germ-line DNA than Ig germ line DNA

2. Alternative joining of D gene segments occurs in the TCR germ-line DNA but not in Ig germ line DNA

3. N-region nucleotide addition occurs only in the Ig heavy chain genes, but occurs in the genes encoding all TCR chains.  As many as 6 nucleotides can be added by this mechanism at each junction, generating up to 5461 possible combinations assuming random selection of nucleotides.  (see Figure 11-8d)

4. The diversity in the CDR3 region of the hypervariable domain of the TCR has even greater diversity than seen immunoglobulins.  This diversity is generated by the mechanisms listed from the last question.

5.  Describe the structural components of the TCR (Figure 11-3)

· The structure of the (( and (( TCR heterodimers are very similar to that of the immunoglobulin, hence they are classified in the immunoglobulin superfamily.  The TCR is actually thought to resemble a Fab fragment.

· There is one variable (V) domain (at the amino terminal) and one constant (C) domain.  See Figure 11-3.

· The TCR variable domains have three hypervariable regions, which appear to be equivalent to the CDRs in the immunoglobulin light and heavy chains.

· Each TCR chain contains a short connecting sequence which has a cysteine residue that forms a disulfide link between the two chains in the TCR heterodimer (See Figure 11-3)

· The transmembrane domains are unusual because they contain ‘+’ charged amino acid residues.  This enables the TCR heterodimer to interact with chains of the signal-transducing CD3 complex.

· Each TCR chain contains a short cytoplasmic tail of 5 -12 residues.

· Note, the 3D structure of the molecule is only inferred and there has not been a complete x-ray crystallography reconstruction.

6.  List the T cell accessory membrane molecules, indicate which ones interact and designate the type of T cell on which they are found (Table 11-4, Figure 11-8 Review Figure 5-16)

Selected T-Cell Accessory Molecules

Name
Ligand
Adhesion
Signal Transduction
Member of Ig Superfamily
Type of T cell found on

CD4
Class II MHC
+
+
+
TH Cells

CD8
Class I MHC
+
+
+
TC Cells

CD2 (LFA-2)
CD58 (LFA-3)
+
+
+
Both

LFA-1 

(CD  11A/CD18)
ICAM-1 (CD54)
+
?
+ / (-)
Both

CD28
B7
?
+
+
TH Cells

CTLA-4
B7
?
+
-
Don’t Need to Know

CD45R
CD22
+
+
+
Both

CD5
CD72
?
+
-
Don’t Need to Know

7.  Sketch and label a model of TCR-Peptide-MHC interaction.

Basically, there are two excellent figures of this.  Look at Figure 11-14 (side view) and Figure 11-16 (top view) and that should give you a good idea about the model for TCR-Peptide-MHC interaction.

You really should get an overall feel of what is going in these two pictures.

8.  In responding to allogeneic grafts, T cells recognize a foreign MHC molecule directly, instead of responding to an antigen that has been processed and presented together with a self-MHC molecule.  True or False?  This is True (pg. 280)

· This contradicts the idea that T cells can only respond to foreign antigen plus self-MHC molecules!

Chapter 12:  T-Cell Maturation, Activation and Differentiation
Objectives:

1.  Explain what is meant by “double-negative” and “double-positive” cells in the T cell developmental pathway and describe the character of the cells released in high numbers to the periphery (Figure 12-2).

· Figure 12-2 does an excellent job summarizing what I’m going to tell you here.

· Upon entry into the thymus, progenitor T cells begin to express a membrane protein called Thy-1, which is a marker of all thymus-derive lymphocytes.

· The earliest fetal thymocytes lack detectable CD4 and CD8 and are referred to as double-negative or CD4-8- cells.

· Those cells that make productive rearrangements of both the ( and ( chain develop into double negative CD3+ (( T cells (which are only 0.5 - 1.0 % of the thymocytes in adults).

· But, the majority of the double negative thymocytes begin to rearrange the TCR (-chain genes and express the ( chain with the pre-T ( chain as a pre-T cell receptor.

· Once a signal is transmitted through the pre-TCR, it halts further ( chain rearrangement and includes expression of both CD4 and CD8.  The cells at this stage are called double-positive, or CD4+8+, cells.

· Note, at this point the ( chain has not been added yet.  When the double positive thymocytes stop proliferating, each of the cloned cells can rearrange different (-chain genes.

· Double positive thymocytes that express the ((TCR-CD3 complex and survive thymic selection develop into either single-positive CD4+ thymocytes (~10% of the total thymocyte population) or single positive CD8+ thymocytes (~ 5% of the total thymocyte population).

· These cells eventually migrate to the periphery.

2.  Describe the processes of  “positive and negative selection” of thymocytes yielding mature T cells that are both self-MHC restricted and self-tolerant (Table 12-4)

It is critically important that the thymocytes are MHC restricted.  This means the they must be capable of binding self-MHC molecules.  However, at the same time, the thymocytes must be self-tolerant.  They can’t have high affinity receptors for self-MHC molecules alone, or self-antigen presented by self MHC.

To get thymocytes with these two properties, we have positive and negative selection processes.  

Positive Selection
· There are two good things you should look at right now, Table 12-1 and Figure 12-5.

· Positive selection occurs due to the interaction of the immature CD4+8+ thymocytes with thymic epithelial cells in the cortex.  

· It is believed that these epithelial cells, mediated by MHC restricted T cell receptors, allow the cells to receive a protective signal.  Cells whose receptors are not MHC restricted would not interact with the thymic epithelial cells and would consequently not receive the protective signal, leading to their death by apoptosis (pronounced ape - o - toe - sis).  See Figure 12-5.

· Thus, the resulting TCRs are selected for self-MHC recognition.  Only those cells whose  ((-TCR heterodimer recognize a self-MHC molecule are selected for survival.

Negative Selection
· The MHC-restricted thymocytes that survive positive selection have some cells with low affinity for self-antigen (presented by self-MHC), and some cells with high affinity.

· Dendritic cells and macrophages in the (medulla of the thymus) bearing class I and class II MHC molecules are thought to interact with the thymocytes bearing high affinity receptors for self-antigen plus self-MHC molecule or self-MHC molecule alone.  (Figure 12-5)

· These selected cells undergo apoptosis, thereby giving cells that are self-tolerant.

3.  Explain the mechanism of signal transduction leading to T cell activation when contact is made with the antigen on the APC (Figure 12-11).

General Concept
· The central event in generation of both humoral and cell-mediated immune response is the activation and clonal expansion of TH cells (Activation of TC cells is discussed in Chapter 16)

· Interaction of a TH cell with antigen initiates a cascade of biochemical events that induces the resting TH cell to enter the cell cycle (G0-toG1 transition) and culminates in the expression of the high-affinity receptor for IL-2 and secretion of IL-2.

· In response to IL-2, the activated TH cell progresses though the cell cycle, proliferating and differentiating into memory cells or effector cells.  Recall Figure 3-10?

Mechanisms

Figure 12-12 is an excellent overview of what I’m going to describe.

· The cytoplasmic domains of each CD3 chain contain a sequence motif called the immunoreceptor tyrosine-based activation motif (ITAM), that is thought to interact with protein tyrosine kinases during signal transduction.  (Figure 11-9).  This molecule is important in later chapters, but do not confuse it with ICAMs which are extracellular cell binding molecules.

· Two protein tyrosine kinases (Fyn and ZAP-70) have been shown to be associated with the cytoplasmic domains of the ( and ( chains of CD3.  

· The cytoplasmic domain of CD4 and CD8 is associated with the protein tyrosine kinase Lck. 

· Activation of these protein kinases requires the activity of CD45, a membrane molecule with two protein tyrosine phosphatase domains that catalyze the dephosphorylation of a tyrosine residue of Lck and Fyn.

· This dephosphorylation activates these two tyrosine kinases so that they begin to phosphorylate the ( and ( chains of CD3, phospholipase C (PLC(1) and other cellular substrates.

· Phosphorylation of PLC(1 allows it to hydrolyze phosphatidylinositol 4,5-bisphosphate (PIP2), a membrane phospholipid into two important products:  inositol 1,4,5-triphosphate (IP3) and diacylglycerol (DAG).

· Once formed, two pathways are initiated.

1. IP3 triggers an increasing intracellular Ca2+ and the subsequent activation of a calmodulin-dependent phosphatase called calcineurin, which dephosphorylates  the inactive cytosolic form of the T-cell-specific nuclear factor NF-AT.

2. DAG activates protein kinase C (PKC), which then phosphorylates various cellular substrates and medicates release of the nuclear factor NF-(B. 

· Both nuclear factors enter the nucleus where they participate in activation of various genes, including IL-2.

· A third signaling pathway is also generated by the CD28-B7 interaction (we’ll discuss this in the next question).  This pathway works together with the TCR-mediated signaling pathways to activate a protein kinase, designated JNK, that is involved in the phosphorylation of the nuclear factor c-Jun.

· Following antigen recognition, NF-Atc-PO4 (the phosphorylated cytosolic form of NF-AT), is dephosphorylated by calcineurin.

· NF-Atc then translocates to the nucleus where it dimerizes with AP1; the resulting complex then binds to the IL-2 enhancer.

· Note, that dephosphorylation can be inhibited, as it is by cyclosporin A and FK506 , then TH cell activation is blocked and the immune response is reduced (immunosuppresive drugs for grafts).  See Figure 12-13.

If you didn’t understand this, try to go back and re-read it while looking at Figure 12-12.

4.  In addition to the signals mediated by the T cell receptor and its associated molecules, activation of the T cell requires an additional co-stimulatory signal provided by the antigen-presenting cell.  Explain.  (Figure 12-12).

The TCR dictates the antigen specificity of the response and plays a central role in initiating activation.  However this interaction by itself is not enough.  The naïve T cells require  two distinct signals for activation a subsequent proliferation into effector cells.

1. The initial signal (signal 1) is generated by the interaction of an antigenic peptide with the TCR-CD3 complex.

2. A subsequent antigen-nonspecific co-stimulatory signal (signal 2) is provided primarily by interactions between CD28 on the T cell and B7 on the APC.

· The B7 molecule is a member of the Ig superfamily, and has a V domain and a C domain.  There are two forms (B7-1 and B7-2), and both are expressed on APCs (dendritic cells, activated macrophages and activated B cells).

· The ligands for B7 are CD28 and CTLA-4, both of which are expressed as monomers (homodimers) on the T cell membrane (Figure 12-14).

· The co-stimulatory signal may act together with the TCR-mediated signal to activate JNK (Figure 12-12), which in turn phosphorylates c-Jun.  In addition, the signal mediated through CD28 may act to increase the half-life of the mRNA encoding IL-2.

· In this way, the co-stimulatory signal appears to synergize with the TCR to  augment IL-2 production and therefore T cell proliferation.

5.  Describe the process of clonal anergy of T cells and contrast it with the process of activation and clonal expansion of T cells.

· TH-cell recognition of an antigenic peptide-MHC complex on an antigen presenting cell results in either clonal expansion (activation) or in a state of nonresponsiveness (clonal anergy). 

· Anergy is a state of inactivation marked by the inability of cells to proliferate in response to a peptide-MHC complex.

· Whether clonal expansion or clonal anergy ensues is determined by the presence or absence of a co-stimulatory signal (signal 2).  This is provided by the interaction of CD28 on the TH cells with B7 on the antigen presenting cells. 

· If a resting TH cell receives signal 1 in the absence of signal 2, then the TH cell becomes anegric.

6.  List the primary characteristics of the following cell types:  Naïve T cells, Effector T cells, memory T cells, gamma/delta T cells.

Naïve T cells
· CD4+ and CD8+ T cells leave the thymus and enter the circulation as resting cells (G0 stage) called naïve T cells.

· These cells have not yet encountered antigen.

· They are characterized by:

1. condensed chromatin

2. very little cytoplasm

3. little transcriptional activity

· Naïve T cells continually circulate between the blood and secondary lymph tissues (like lymph nodes).  This occurs every 12-24 hours and it is thought to increase the chance of the encountering of antigen.

· It is thought that the naïve T cell survives only about 5 - 7 weeks in the absence of antigen.

Effector T cells
· After recognizing the antigen-MHC complex on an APC, T-cell proliferation is increased (due to the increased IL-2 secretion).  The resulting progeny differentiate into effector T cells or memory T cells.

· Effector T cells carry out functions like cytokine secretion, B-cell help and cytotoxic killing activity.

· These cells are short lived (days to weeks).

· There are two subpopulations of effector T cells, based on the panel of cytokines they secrete.

1. TH1 subset - (secretion of IL-2, IFN-(, and TFN-() - it is responsible for the classical cell mediated functions like delayed-type hypersensitivity and the activation of cytotoxic T lymphocytes.

2. TH2 subset - (secretion of IL-4, IL-5, IL-6, & IL-10) - functions more effectively as a helper for B cell activation.

Memory T cells

· These are long-lived, antigen activated T cells that respond with heightened reactivity to a subsequent challenge with the same antigen, generating a secondary immune response.

· Not all memory cells are long lived according to recent research.

(( T Cells

· These cells make up only 0.5 - 1.0 % of the human peripheral blood lymphocytes, but they are a major T cell population in the skin, intestinal epithelium and pulmonary epithelium.

· These cells remain fixed in epithelial tissues.  They also have a very limited TCR diversity.

· One important thing is that this T cell can bind directly to antigen, without requiring a APC or the MHC molecule!  In this way, they function much like NK cells (natural killer cells).

Chapter 13:  Cytokines
It is quite impossible for you in the time allotted to learn all the cytokines and the functions of each.  It is important that you gain  an understanding of how cytokines function and to learn the function of certain cytokines.  One way the specificity of immune reactions are maintained is the careful regulation of the expression of cytokine receptors on cells.  Often, cytokine receptors are expressed on a cell only after that cell has interacted with antigen.  In this way, cytokine activation is limited to antigen-primed lymphocytes.

Objectives:

1.  Define “cytokine” and distinguish it from a hormone.

· Cytokines are a group of secreted low molecular weight proteins that coordinate the immune response between lymphoid cells, inflammatory cells and hematopoietic cells.  

· Cytokines are secreted by white blood cells (WBCs) and a variety of other cells in the body.

· They bind to specific receptors, triggering signal transduction pathways that ultimately alter gene expression in the target cell.

· Like hormones serve as the messengers of the endocrine system, cytokines serve as messengers of the immune system.

· However, unlike hormones, which exert their effects over large distances, cytokines generally act locally.

2.  Describe how cytokines regulate cellular activity in a coordinated, interactive way through the mechanisms of pleiotrophy, redundancy, synergism, and antagonism.

· Cytokines exhibit the attributes of pleiotrophy, redundancy, synergy and antagonism, which permit them to regulate cellular activity in a coordinated interactive way.  This is shown in Figure 13-2.

· A given cytokine that has different biological effects on different target cells has a pleiotropic action.

· Two or more cytokines that mediate similar functions are said to be redundant; this property obscures the function of a single cytokine.

· Cytokine synergism occurs when the combined effect of two cytokines on cellular activity is greater than the additive effects of the individual cytokines.  

· In some cases cytokines exhibit antagonism; the effects of one cytokine inhibit or offset the effects of another.

3.  Describe the major functions of IL-1, IL-2, IL-4, IL-6, IL-12, interferon ( (IFN(), tumor necrosis factors (/( (TNF (/().  (Table 13-1)

The following information contains the stuff we need to know for this question.  It comes from table 13-1, which contains a whole lot more than what we need to know for this question.  However, I suggest that you look at the table for you own edification.

Selected Functions of Some Cytokines


 Major Biological
Functions

Cytokine
Secreted By
Target Cells/Tissues
Activity

Interleukin 1

(IL-1( & IL-1()
Monocytes, macrophages, B cells, dendritic cells, endothelial cells, other cells types
TH cells

B cells

NK cells

Vascular endothelial cells

Macrophages and neutrophils

Hepatocytes

Hypothalamus
Co-stimulates activation

Promotes maturation and clonal expansion

Enhances activity

Increases expression of ICAMs

Chemotactically attracts

Induces synthesis of acute phase proteins

Induces Fever



Interleukin 2

(IL-2)
TH1 cells
Antigen primed TH and TC cells

Antigen specific T cell Clones

NK cells (Some) and TC cells
Induces proliferation

Supports long term growth

Enhances activity

Interleukin 4

(IL-4)
TH2 cells, mast cells, NK cells
Antigen Primed B cells

Activated B cells

Resting B cells

Thymocytes and T cells

Macrophages

Mast cells


Co-stimulates activation

Stimulates proliferation and differentiation; induces class switch to IgG1 and IgE

Up regulates class II MHC expression

Induces proliferation

Up-regulates class II MHC expression; increases phagocytic activity

Stimulates growth



Interleukin 6

(IL-6)
Monocytes, macrophages, TH2 cells, bone-marrow stromal cells
Proliferating B cells

Plasma cells

Myeloid stem cells

Hepatocytes


Promotes terminal differentiation into plasma cells

Stimulates antibody secretion

Helps promote differentiation

Induces synthesis of acute-phase proteins



Interleukin 12

(IL-12)
Macrophages, B cells
Activated TC cells

NK and LAK cells and Activated TH1 cells
Acts synergistically with IL-2 to induce differentiation into CTLs

Stimulates proliferation

Interferon Gamma

(IFN-()
TH1, TC and NK cells
Uninfected cells

Macrophages

Many cell types

Proliferating B cells

TH2 cells

Inflammatory cells
Inhibits viral replication

Enhances activity

Increases expression of class I and Class II MHC molecules

Induces class switch to IgG2a; blocks IL-4 induced class switch to IgE and IgG1

Inhibits proliferation

Mediates various effects important in delayed-type hypersensitivity



Tumor necrosis factor ( (TNF-()
Macrophages, mast cells
Tumor cells

Inflammatory cells


Has cytotoxic effect

Induces cytokine secretion and is responsible for extensive weight loss (cachexia) associated with chronic inflammation



Tumor necrosis factor ( (TNF-()
TH1 and TC cells
Tumor cells

Macrophages and neutrophils
Has cytotoxic and other effects similar to TFN-(
Enhances phagocytic activity

· Also of interest to you may be Figure 13-4, which shows which cells are affected by which cytokines.

4.  Describe signal transduction by cytokine receptors with special reference to the high and low affinity IL-2 receptors (Figure 13-9) 

General Info:

· Receptors for the various cytokines belong to 5 general families of receptor proteins:  Figure 13-5

1. Immunoglobulin superfamily receptor

2. Class I cytokine receptor family (hematopoietin receptor family)

3. Class II cytokine receptor family (interferon receptor family)

4. TNF receptor family

5. Chemokine receptor family

· The IL-2 Receptor belongs to the Class I cytokine receptor family.  This family has a couple of interesting characteristics:

1. Conserved extracellular domain consisting of 4 positionally conserved cysteine residues (CCCC) and a conserved sequence of Trp-Ser-X-Trp-Ser (WSXWS) (Figure 13-5b).

2. This family has receptors composed of 2 types of polypeptide chains:  a cytokine specific subunit and a signal-transducing subunit.  

· The signal transducing subunits of all the class I and class II cytokine receptors studied to date have been shown to induce tyrosine phosphorylation, although none has tyrosine kinase activity in itself (suggests close association with cytosolic protein kinases).

· The IL-2 receptor is a trimeric receptor complex with three subunits ((, (, ( chains).  The ( and ( chains belong to the class I cytokine receptor family, but the ( chain does not (See Figure 13-6c).

· The IL-2 receptor occurs in three forms that exhibit different affinities for IL-2:  (Figure 13-8)

1. low-affinity monomeric IL-2R(
2. intermediate affinity IL-2R((
3. high affinity trimeric IL-2R(((
· Signal transduction by the IL-2 receptor requires both the ( and ( chains, but only the trimeric receptor containing the (, (, and ( chain binds IL-2 with high affinity.

· The ( chain is constitutively expressed on most lymphoid cells, but expression of the ( and ( chains is restricted and is enhanced following antigen activation of resting lymphocytes.

· This phenomenon makes sure that only antigen activated cells will express the high affinity IL-2 receptor and proliferate in response to physiologic levels of IL-2.

Signal Transduction 

· Signal transduction through most class I and class II cytokine receptors begins with cytokine-induced dimerization of receptor subunits (Figure 13-9).

· This dimerization juxtaposes their cytosolic domains, allowing the dimeric receptor to engage the intracellular signaling machinery.

· Specifically, JAK kinases (tyrosine kinases), become activated by interacting with the cytosolic domains of the dimerized receptor.

· The activated JAK kinases then phosphorylate each other, the cytosolic domains of the receptor and a family of transcription factors know as STATs (signal transducers and activator of transcriptions).  See Figure 13-9

· STAT proteins dimerize in the cytoplasm and subsequently translocate to the nucleus where they bind to sequence specific DNA regulatory elements, thereby activating gene transcription.

· Thus, each particular cytokine induces transcription of a specific subset of genes through this pathway, and those gene products mediate the various effects of that cytokine.

5.  Name some cytokine antagonists and explain the mechanisms of their action.

· Cytokine antagonists are proteins that inhibit the biological activity of cytokines.  They act in 1 of two ways:

1. Bind directly to a cytokine receptor but fail to activate the cell.  E.g. = IL-1 receptor antagonist (IL-1Ra).

2. Bind directly to a cytokine inhibiting its activity (soluble ILRs).

· IL-1Ra binds to the IL-1 receptor, but has no activity.  Production of this molecule appears to play a role in regulating the intensity of the inflammatory response.  IL-1Ra has been cloned and is currently being investigated as a treatment for chronic inflammatory diseases.

· The second group, soluble ILRs, result from the enzymatic cleavage of the extracellular domain of cytokine receptors.  The released soluble fragments bind cytokines, thereby neutralizing the their activity.

· Soluble cytokine receptors have been detected for IL-2, IL-4, IL-6, IL-7, IFN-(, TNF-(, TNF-( and LIF.  The sIL-2R is the most studied/common one.  Its presence in the blood can be used as a clinical marker for chronic T-cell activation (autoimmune disease, transplant rejection, AIDS).

6.  Describe the postulated subsets of T helper cells, the cytokine they produce and their different biological activities.  Also explain the meaning of “cross-regulation”.

· CD4+ TH cells exert most of their helper functions through secreted cytokines.  Large amounts of research suggest that there are two different subsets of these TH cells.

1. TH1 subset is responsible for the classical cell-mediated functions (delayed-type hypersensitivity and activation of TC cells).

2. The TH2 subset functions primarily as a helper for B-cell activation.

· The TH1 subset may be particularly suited to respond to viral infections and intracellular pathogens because it secretes IL-2 and IFN-(, which activate TC cells and macrophages.

· The TH2 subset may be more suited to respond to freeliving bacteria and helminthic (intestinal worm) parasites and may mediate allergic reactions, since IL-4 and IL-5 are known to induce IgE production and eosinophil activation, respectively.

· The cytokines produced by the TH1 and TH2 subsets exhibit cross-regulation;  that is the cytokines secreted by one subset can block the production/and or activity of the cytokines secreted by the other subset.

· Example:  IFN-( (secreted by the TH1 subset), preferentially inhibits proliferation of the TH2 subset.  Conversely, IL-10 (secreted by the TH2 subset) down-regulates secretion of IFN-( and IL-2 by the TH1 subset.

· This phenomenon of cross-regulation explains why when antibody production is high, delayed type hypersensitivity is low and vice versa.  

7.  Describe the roll of cytokines and the cells involved in acute inflammation;  localized acute response (Figure 15-10), 

This information is not found in Chapter 13, it is actually found in chapter 15 on pgs. 370 - 373.

· Infection or tissue injury induces a complex cascade of nonspecific events known as the inflammatory response, which provides early protection by restricting the tissue damage to the site of infection or tissue injury.  This acute inflammatory response involves both localized and systemic responses.  

Localized Response
· Within a few minutes after tissue injury, there is vasodilation, edema and extravasation (leukocytes coming out of the capillaries into the tissues).

· Within a few hours, neutrophils adhering to the endothelial cells, migrate out of the blood into the tissue spaces.  These cells phagocytize invading pathogens and release mediators that contribute to the inflammatory response.  See Figure 15-10.

· Among those mediators, is macrophage inflammatory protein (MIP-1a and MIP-1b).  These are chemokines that attract macrophages to the site of inflammation.

· Activated macrophages arrive in 5-6 hours and begin to release cytokines.

· Activated tissue macrophages secrete three cytokines (IL-1, IL-6 and TNF-(), all three of which induce agultation and an increase in vascular permeability. (Figure 15-10)

· TNF-( and IL-1 induce increased expression of vascular endothelial adhesion molecules (ICAM-1 and VCAM-1), which bind to integrins on lymphocytes and monocytes (Figure 15-10).  Circulating neutrophils, monocytes and lymphocytes adhere to the wall of a blood vessel by recognizing these adhesion molecules and then move through the vessel wall into the tissue space.

· IL-1 and TFN-( also act on macrophages to increase production of the chemokine IL-8, which contributes to the influx of neutrophils by increasing their adhesion to vascular endothelial cells and by acting as a potent chemotactic factor.

· IFN-( and TFN-( activate macrophages and neutrophils, promoting increased phagocytic activity and increased release of lytic enzymes into the tissue spaces.

Systemic Acute Phase  Response
· The acute phase response is marked by the induction of fever (inhibits bacterial growth), increased synthesis of hormones such as ACTH and hydrocortisone, increased production of WBCs, and production of a large number of acute-phase proteins in the liver.  (See Figure 15-11)

· Many systemic acute phase effects are due to the combined action of IL-1, TNF-( and IL-6 (Figure 15-11).

· Each of these cytokines acts on the hypothalamus to induce a fever response.  They also induce production of acute-phase proteins by hepatocytes.

· TNF-( also acts on vascular endothelial cells and macrophages to induce section of colony-stimulating factors (M-CSF, GCSF, and GM-CSF).  There stimulate hematopoiesis, resulting in transient increase in the necessary WBCs to fight infection.

8.  Name the cells that produce IFN (, the cells that are acted upon by this cytokine and the role this has in chronic inflammatory response.

· Chronic inflammation develops during persistence of an antigen (due to various causes like resistant bacteria, autoimmune disorders, etc., )

· The accumulation and activation of macrophages is the hallmark of chronic inflammation. 

· Two cytokines in particular, IFN-( and TNF-(, play a central role in the development of chronic inflammation.

· TH1 cells, NK cells, and TC cells release IFN-(.  This cytokine has a number of activities (Figure 15-13):

1. Activates macrophages, (increases expression of class II MHC, increased cytokine production, increased microbicidal activity).

2. Decreases CD4+ TH2 cell proliferation

3. Increases NK cell cytotoxic activity

4. Increases B cell differentiation and antibody production (increases IgG2a, decreases IgE and IgG1).

· The Activated macrophages do a lot.  Once of the principle activities is to secrete TNF-(, which has a direct cytotoxic effect on cancer cells, but not normal cells.

· The TNF-( also contributes to much of the tissue wasting that characterizes chronic inflammation.  See Figure 15-14b).

Chapter 14:  Generation of the Humoral Immune Response
This information is from Kuby’s chapter 16.

Objectives:

1.  The constant region sequences of the immunoglobulin molecule confer biological effector function on the antibody.  List the ways these effector functions facilitate elimination of foreign pathogens from the host.

· Humoral effector functions facilitate effective elimination of foreign pathogens from a host animal in a variety of ways discussed in other chapters.  Antibodies perform this function by the following mechanisms:

1. Activating the complement system, resulting in lysis of microorganism (Chapter 17)

2. Acting as opsonins, enhancing phagocytosis of microorganisms

3. Binding to and neutralizing bacterial toxins

4. Binding to viruses and inhibiting their ability to infect host cells

5. Binding to potential pathogens at mucous membrane surfaces, thereby preventing colonization

6. Binding to Fc receptors on NK cells or macrophages in ADCC, conferring specificity for antigen on these otherwise non-specific cells (See Figure 16-12)

2.  Present an integrated description of the cellular interactions and mediators involved in the generation of a humoral immune response from the naïve B cells to the mature B cells to the secretion of antibody by plasma cells.  See the presentation on pg. 324 and the references to previous chapters.  Also refer to Figures 14-1 and 14-2.

· Antigen is processed by a macrophage, and presented as antigen fragments on the surface of the cell in association with a class II MHC molecule. 

· The macrophage then secretes IL-1, which activates the T-cell (while in contact with the MHC class II molecule and antigen).

· MHC molecules with antigen bind to specific T Cell Receptors on the surface of a helper T cell.

· The activated TH cell then produces cytokines like IL-2 (T cell growth factor), IL-4 (B cell growth factor) and IL-5 (B cell differentiation factor)

· These factors activate the antigen specific B cell, which proliferates and differentiates to form plasma cells and memory cells.

· The plasma cells secrete large amounts of immunoglobulins (antibodies).

· You may also want to do this for the T - cell branch for your own edification (CTLs and TDTH)

3.  Describe the kinetics of the primary and secondary antibody response and list the differences between the two (Figure 16-19, Table 16-4)

Kinetics
· The first contact of an individual with an exogenous antigen generates a primary humoral response, characterized by the production of antibody-secreting plasma and memory cells.

· The primary response is characterized by a lag phase, during which time, naïve B cells undergo clonal selection in response to the antigen and differentiate into plasma cells and memory cells (See Figure 16-19).  For the primary response, lag is usually about 4-7 days.

· A secondary humoral response depends on the existence of a population of memory B cells and T cell.

· The antigen activation of these memory cells results in a lot shorter lag time (1-3 days)  See Figure 16-19.

Other Notable Differences Between the Secondary and Primary Responses
Property
Primary response
Secondary Response

Responding B cell


Naïve B cell
Memory B cell

Lag period following antigen administration


Generally 4-7 Days
Generally 1-3 Days

Time of peak response


7-10 days
3-5 days

Magnitude of peak antibody response


Varies depending on antigen
Generally 100 - 1000 times that 

of the primary response

Isotype produced (See Figure 16-19 for this also)


IgM predominates early in the response
IgG predominates

Antigens


Thymus dependent and thymus independent
Thymus dependent

Antibody Affinity


Lower
Higher

4.  Describe the features that enable memory B and T cells to generate a more effective immune response.

· Dr. Lang had trouble telling me about the answer to this question.  He said that it might be one of the following answers:

1. High affinity binding of the antigen to receptors

2. clonal selection of higher affinity receptors

3. adjuvants (but this is not a feature of the B/T cells)

4. previously formed antibody facilitates memory response.

5. Conjugated haptens.

· Basically, take your pick, but I think that the first two are the important features.  We talk more about these in question #6.

5.  Describe the in vivo induction of antibody synthesis as it occurs in a lymph node by describing in sequence the capture and processing of antigen, the movement and maturation of cells and the secretion of antibody (Figure 14-13)

Primary Immune Response
· When antigen is introduced into the body, it becomes concentrated in various peripheral lymphoid organs.  Blood borne antigen is filtered by the spleen and tissue antigen is filtered by regional lymph nodes.

· As antigen percolates through the cellular architecture of the lymph node, it will encounter one of three types of antigen presenting cells:  interdigitating dendritic cells in the paracortex, macrophages scattered throughout the node, or specialized follicular dendritic cells in the follicles and germinal centers (See Figure 8-15 & 8-16).

· Initial activation of both B and T cells is thought to take place in the paracortex.  This region is heavily populated with T cells, macrophages and interdigitating dendritic cells.

· Within 1-2 days of antigenic challenge, the antigen is presented by macrophages and interdigitating dendritic cells to naïve T cells resulting in extensive TH-cell activation and proliferation within the paracortex.

· In addition, naïve B cells from the B cell rich cortex migrate to the T cell-rich zone of the lymph node (paracortex).  B cells that have bound antigen by mIg (membrane immunoglobulin) will internalize the antigen, process it and present it in association with class II MHC molecules.  

· On entering the T cell zone (paracortex), a B cell that is presenting antigen will seek out and interact with an activated TH cell (specific for that antigen), and will form a T-B conjugate.  This induces B cell activation (recall Figures 11-15 and 11-16?).

· Once activation takes place, small foci of proliferating B cells form at the edges of the T cell-rich zone (paracortex).

· The B cells in these foci differentiate into plasma cells secreting IgM and IgG isotypes (Figure 16-19).  Most of the antibody produced during the primary response comes from these plasma cell foci.

· But wait, there’s more …

Secondary Immune Response
· A few days after the formation of foci within lymph nodes, a few activated B cells and TH cells migrate from the foci to primary follicles.

· These primary follicles develop into secondary follicles, which provide a specialized microenvironment for interactions between B cells, TH cells and follicular dendritic cells.

· Follicular dendritic cells have long process, which have Fc receptors that bind antigen-antibody complexes effectively and retain the complex for a long time (secondary immune response).

· Follicular dendritic cells release iccosomes which are heavily coated with immune complexes (immune-complex coating).

· Immune complex is a macromolecular complex of antibody bound to antigen which sometimes includes complement components.  Deposition of immune complexes in various tissues results in type III hypersensitivity which can be deleterious.

· Iccosomes (contain antigen stored by the follicular dendritic cells) bind to mIg on B cells and are endocytosed, and the antigen can be presented on the B cells (during the fast secondary response).

· Endocytosed antigen is processed and presented on the B cell with class II MHC, and the T-B cell conjugate.  This causes activation and proliferation of the B cells.

· These activated B cells now migrate toward the center of the follicle, forming the germinal center.

· Once there they undergo massive proliferation, (the cells are now called centroblasts (activated B cells)) and then move to one edge of the follicle forming a dark zone.  (Figure 8-16 & 8-17)

· The centroblasts give rise to progeny called centrocytes that express the membrane Ig.

· Centrocytes move from the dark zone to the basal light zone (Figure 8-16 & 8-17)

· The centrocytes bearing IgM binds that to antigen presented by the follicular dendritic cells in the basal light zone and undergo differentiation in the apical light zone forming small memory B cells and large plasmablasts (Figure 8-16 & 8-17).  

· The plasmablasts leave the germinal center and migrate to the medulla of the lymph node (Figure 8-15), where they develop into plasma cells.  These secrete antibody molecules.  Some also leave the medulla and enter circulation. 

6.  Describe the two processes that contribute to “affinity maturation” of antibody (also see Chapter 8, Figure 8-17).

· Affinity maturation is the process of antibody affinity increase (100 - 10000 fold), during the course of a humoral response.  It is the result of two processes: (in a way, you can think of these as mechanisms of  “survival of the fittest antibody”)

1. Somatic hypermutation - during clonal proliferation, a lot of cells with low affinity for the antigen will be generated and a few with higher affinity will also be generated. 

2. Antigen Selection of High Affinity clones - The positive selection mechanisms (recall previous chapters), tend to select the higher affinity receptors produced by the somatic hypermutation.

7.  Describe the sequential process involved in immunoglobulin class switching and name the lymphokines (cytokines) thought to play a role (; Chapter 8 A-215)

· Class switching allows any given VH domain to associate with the CH region of any isotype.  This allows the antibody specificity to remain constant while the biological effector activities of the molecule vary.

· B cell activation proceeds by two routes, one that is dependent on TH cells (thymus dependent antigens), and one that is independent of TH cells (thymus independent antigens).

· In the case of thymus dependent antigens, membrane interaction between CD40 on the B cell and CD40L on the TH cell appears to be necessary for class switching.  This is all the detail given (
· The specific cytokines needed for class switching are shown in Figure 8-19.

· IFN-( induced IgG2a or IgG3

· TGF-( induces IgA or IgG2b

· IL-4 induces IgE or IgG1 (this is important)

· IL-2, IL-4 and IL-5 together induce IgM (this is kinda the default immunoglobulin isotype)

8.  Compare the properties of naïve and memory B cells (Table 8-5)

Comparison of Naïve and Memory B Cells

Properties
Naïve B cell
Memory B cell

Membrane markers

       Immunoglobulin

        Jlld

        Complement receptor


IgM, IgD

High

Low
IgM, IgD(?), IgG, IgA, IgE

Low

High

Anatomic location


Spleen
Bone marrow, lymph nodes and spleen

Life span


Short-lived
May be long lived

Recirculation


Yes
Yes

Receptor affinity


Lower average affinity
Higher average affinity due to affinity maturation



Adhesion molecules


Low ICAM-1
High ICAM-1

Chapter 15:  Cell Mediated Immunity
The material for this chapter is actually found in Chapter 16 of the text, not Chapter 15.

The cell mediated immune system confers immunity through the transfer of immune cells.   Both antigen-specific and nonspecific cells contribute to the development of cell-mediated immunity.  Specific cells include TH/TDTH cells and TC cells;  nonspecific cells include macrophages, neutrophils, eosinophils and NK cells.  Both specific and nonspecific components require cytokines, which are generated by antigen-specific T cells or by the specificity conferred by binding of antibody to Fc receptors on otherwise nonspecific cells.  Cell-mediated immunity is responsible for the clearance of intracellular pathogens, virus-infected cells, tumor cells and foreign grafts.  The system is adapted to recognizing altered self-cells and eliminating them from the body.

Objective:

1.  Name the two categories of cell mediated effector mechanisms.

1. Direct Cytotoxic Response

2. Delayed Type Hypersensitivity Reaction

2.  Name the two general categories that the various cell-mediated cytotoxic effector mechanisms can be divided.

· The cell mediated cytotoxic effector mechanisms can be subdivided into two general categories:  those involving antigen-specific cytotoxic T lymphocytes (CTLs) and those involving nonspecific cells such as natural killer (NK) cells and macrophages.

· The targets of these cells are allogeneic cells, malignant cells, virus-infected cells and chemically conjugated cells (?).

3.  Name the general types of cells that when altered are eliminated from the body by antigen specific cytotoxic T lymphocytes (CTL).

· Any cells that display antigen with the MHC class I complex (all nucleated cells) can be targeted for destruction by the CTLs.  

· Specifically, this includes virus-infected cells, tumor cells and allogeneic cells (graft rejection).

4.  Describe the process for generating CTL from precursor cells (CTL-P), including a discussion of cells and soluble mediators for activation and differentiation (Figure 16-1)

The CTL-mediated immune response can be divided into two phases, reflecting the different aspects of the cytotoxic T cell response:

1. Phase I = activation and differentiation of naïve TC cells into functional effector TC cells.

2. Phase II = effector CTLs recognize antigen-class I MHC complexes on target cells and kill the targets.

· Naïve TC cells are incapable of killing target cells and are therefore referred to as CTL precursors (CTL-Ps) to denote their functionally immature state.

· Generation of CTLs from CTL-Ps appears to require 3 steps:  (Figure 16-1)

1. An antigen-specific signal 1 transmitted by the TCR complex upon recognition of a peptide-MHC molecule complex.

2. A co-stimulatory signal transmitted by the CD28-B7 interaction (signal 2)

3. A signal induced by the interaction of IL-2 with the high affinity IL-2 receptor, resulting in proliferation and differentiation of the antigen-activated CTL-P into an effector CTL.  (The soluble IL-2 comes from TH1 cells)

· The fact that the IL-2 receptor is not expressed until after a CTL-P has been activated by antigen plus a class I MHC, ensures that only antigen-specific CTL-Ps are clonally expanded by IL-2 and acquire cytotoxicity.

5.  Describe the effector phase of a CTL-mediated response that involves a carefully orchestrated sequence of events culminating in target-cell lysis (Figure 16-4)

· This is the Phase II (effector phase).  Studies reveal that there are two major pathways responsible for CTL-mediated destruction of target cells:

1. Directional delivery of cytotoxic proteins (including perforins and granzymes) released from the CTLs and taken up by target cells.

2. Interaction of the membrane bound Fas Ligand on the CTLs with the Fas receptor on the surface of the target cells.

Protein Pathway (Figure 16-4)

1. The TCR-CD3 membrane complex on a CTL recognizes antigen in association with class I MHC molecules on a target cell.

2. Following this antigen-specific recognition, the integrin receptor LFA-1 on the CTL membrane binds to the cellular cell-adhesion molecules (ICAMs), on the target cell membrane allowing conjugation formation between the two cells (Figure 16-4)

3. After conjugation, the Golgi stacks and storage granules reorient within the cytoplasm of the CTL, becoming concentrated at the junction with the target cell (Figure 16-4).

4. Perforin, a pore forming protein, is then released from granules in the CTL into the junctional space.  These monomers contact the target cell membrane and make cylindrical pores (Figure 16-7a).

5. Granzymes and other lytic substances are also released from the granules, and they easily enter the target cell through the pores.

6. The granzymes fragment target cell CDN (which is typical of apoptosis).

7. Within 15 minutes to 3 hours, the target cell is left as debris (Figure 16-4)

Fas System
· Some CTL lines lack perforin and granzymes.  They mediate cytotoxicity via the Fas ligand (APO-1) which induces apoptosis.

· The Fas ligand on the CTLs binds to a Fas receptor on the target cell, and induces an endogenous apoptotic pathway.

6.  Compare NK cells to CTL cells in regard to membrane markers and other features (Table 3-4).

· I’m not sure about the whole answer to this question.  But I think I’ve got some of the basics.

· CTLs have the membrane receptor CD8+, but NK cells are CD4-8-.  But, NK cells do have CD16+, which TC cells do not.

· CTLs have a T-cell receptor, and NK cells do not.

· Also, CTLs display memory, but NK cells do not.

· There is also some information in Table 3-4, but that may not be as helpful.

7.  List the cell types that show antibody-dependent cell-cytotoxicity (ADCC) and describe the mechanisms of action including the soluble factors involved (Figure 16-12)

· A number of cells that have nonspecific cytotoxic potential express membrane receptors for the Fc region of the antibody molecule (secreted by B cells).

· When antibody is specifically bound to the target, these Fc receptor bearing cells bind to the antibody Fc region (so there is specificity, but not directly from the cytotoxic cells).

· This is called antibody-dependent cell mediated cytotoxicity - ADCC (recall from chapter 3)

· The cells that can mediate ADCC are:

1. NK cells

2. macrophages

3. monocytes

4. neutrophils

5. eosinophils

· Target cell killing by ADCC involves the following cytotoxic mechanism:  Figure 16-12

1. When the Fc receptor becomes bound, the cytotoxic cells become more metabolically active.

2. They increase their lytic components (lysosomes and granules).  Release of these damage the target cell. 

3. The important factors released are lytic enzymes, perforin, and tumor necrosis factor (See Figure 16-12).

8.  List the names of cells capable of presenting antigen via Class II MHC for induction of delayed-type hypersensitivity (DTH), the cells acted upon (sensitized) and mediators involved in this phase.(Figure 16-15)

· When some subpopulations of activated TH cells (TH1 cells)encounter certain type of antigens, they secrete cytokines that induce a localized inflammatory reaction celled the delayed type hypersensitivity reaction (DTH).

· The development of the DTH response, occurs in two phases:

1. Sensitization phase (of 1 - 2 weeks following the primary contact with the antigen)

2. Effector phase (follows the second contact with antigen).

Sensitization Phase (Figure 16-15a)

· TH cells are activated and clonally expanded by antigen presented together with the class II MHC molecule on an appropriate antigen processing cell (Figure 16-15a).  

· Two important cells involved as APCs are Langerhans cells (dendritic cells found in the epidermis) and macrophages.  Also, vascular endothelial cells can function as APCs in the development of the DTH response in the human.

· The T-cells activated during the sensitization phase are CD4+ cells of the TH1 subtype.  These activated T cells are designated as TDTH cells.
Effector Phase (Figure 16-15b)

· TDTH cells secrete a variety of cytokines that recruit and activate macrophages and other nonspecific inflammatory cells, after a second contact with antigen.

· The DTH begins to occur 24 hours following exposure and peaks at about 48-72 hours.

· The delay reflect the time required for the cytokines to induce localized influxes of macrophages and activation of these cells.

· Activated macrophages function as the principle effector cells of the DTH response.   They, generally, rapidly clear the pathogen without much tissue damage.

· However, when the antigen is not easily cleared, a granuloma develops due to the continuous activation of macrophages (Figure 16-16).

· The granuloma releases high concentrations of lytic enzymes which destroy the surrounding tissue and damage blood vessels (leading to tissue necrosis).

· So, the DTH response can be detrimental when the antigen can’t be cleared quickly.

9.  Describe the interaction of cells and the function of the mediators involved in the effector phase of the DTH response (Figure 16-15)

· TDTH cells secrete:

1. IL-2 which functions in amplification of the population of cytokine producing T cells

2. IL-3 and GM-CSF induce localized hematopoiesis of the granulocytes-monocyte lineage

3. IFN-( and TNF-( (with macrophage TNF-( and IL-1) act on nearby endothelial cells to induce changes that facilitate extravasation of monocytes and other nonspecific inflammatory cells 

4. IFN-( and TNF-( also induce macrophage activation.  The effect of activation on macrophages is to:

a) increase class II MHC molecules

b) increase TNF-( receptors

c) increase oxygen radicals

d) increase nitric oxide

· Monocytes that enter tissue become macrophages.  They are chemotactically drawn to the site of the DTH response by factors like monocyte chemotactic and activating factor (MCAF) and IFN-(.

· Activated macrophages clean out the pathogen by methods we’ve discussed.

· A chemokine called migration-inhibition factor (MIF) inhibits further macrophage migration and thus prevents the macrophages from migrating beyond the site of the DTH response.

10.  Describe DTH skin reaction that tests for sensitization to M. tuberculosis.

· A protein derived from the cell wall of M. tuberculosis, is injected intradermally. 

· Development of a red, swollen firm lesion at the site (with 48-72 hours) indicates that the individual has been exposed to the M. tuberculosis antigens by either direct exposure or by immunization.

11.  Give examples of the protective role of DTH response against infectious agents.

· Intracellular pathogens inducing the DTH response are normally eliminated quickly and without much damage to normal tissue.  Table 16-3 gives some examples of those pathogens.

· However, the response can be detrimental, as with Mycobacterium tuberculosis.  The DTH response results in granulomas in lung tissue, which lead to tissue damage.

· DTH response in protecting the host against AIDS is also very important.  In this disease, CD4+ T cells are severely depleted, resulting in the loss of the DTH response and opportunistic infection susceptibility.

Chapter 16:  Immune Regulation and Tolerance
Some of the information from this chapter comes from Chapter 16, and other information comes from elsewhere.

Upon encountering an antigen, immune system can either develop an immune response or enter a state of unresponsiveness called tolerance.

Objectives:

1.  List six or more condition or factors that influence the nature, intensity and duration of both humoral and cell-mediated immune responses.  (A-370).

1. Prior host exposure to antigen

2. Nature and concentration of antigen

3. Circulating antibodies and immune complexes

4. Cytokines

5. Development of anti-idiotype antibodies

6. Presence of certain T cells

2.  Explain the two ways that prior antigen encounter may influence the outcome of subsequent antigen  challenge.

1. May render the individual tolerant
2. Formation of memory cells

3.  Define antibody-mediated suppression as a feedback inhibition process (from the readings on pg. 371, it is clear that the mechanism is not known).

· Antibody exerts negative feedback on its own further production, this is termed antibody-mediated suppression.

· Experimentally, it is shown that passively administered antibody competes with antigen-reactive B cells for antigen, so that the B cells do not clonally expand.

· The practical consequences of this deal with immunization.  If an infant is immunized (to measles, mumps, and rubella) too early (< 1 year after birth), then maternal antibody is still present, and the child’s humoral response is low.

· The result is low production of memory cells, which is inadequate to confer long-lasting immunity.

4.  Describe the cytokine mediated regulation of the immune response.  (The existence of TH-1 and TH-2 cells in vivo has not been proven, however, the synergism and antagonism of cytokines does lead to regulation).

· Basically, there are two types of TH cells (subset 1 and subset 2), which lead to 2 different responses (TH-1 response and TH-2 response)

1. TH-1 response (secretes IL-2, IFN-( and TNF-() - this is responsible for the classical cell mediated functions like delayed type hypersensitivity and the activation of cytotoxic T lymphocytes.

2. TH-2 response (secretes IL-4, IL-4, IL-6, IL-10) functions effectively as a helper for B-cell activation.

5.  Describe idiotype and the concept of the network theory for the regulation of the immune response.  (Figure 16-23).

· The network theory is a conceptual model that predicts the consequences of immune-system recognition of self-antibody.

Some definitions before we begin (See Figure 16-23a):

idiotope is each individual antigen determinant of the variable region of an antibody.

Idiotype is the sum of the individual antibody idiotopes

Paratope is the actual antigen combining site

1. As antibody is produced in response to antigen, it in turn induces the formation of antibodies to its own variable-region sequences!

2. During the humoral response, the antibodies formed in response to the antigen in turn induce the formation of secondary antibodies to the individual idiotopes of the first (primary) antibody.

3. The idiotype of the primary antibody (Ab-1) activates a network of B cells whose receptors recognize the individual idiotopes of Ab-1.

4. These B cells then differentiate into plasma cells that secrete anti-idiotype antibody (Ab-2).

5. The individual idiotopes of Ab-2 can then further extended the network by inducing production of an anti-anti-idiotype (Ab-3) (See Figure 16-23b).

6. Are you confused yet?

7. This antibody often resembles idiotopes of Ab-1, and the network begins to limit itself as decreased levels of antibody are produced in each successive activation.

· One of the central principles of the network theory is that some anti-idiotype antibody will be directed against the paratope and therefore will appear as the internal image of the original epitope on the antigen.

· For example, if mice are immunized with anti-insulin antibody (Ab-1), they produce anti-idiotype antibody (Ab-2) to Ab-1.   Some of this anti-idiotype antibody will bind to the insulin-binding paratope of Ab-1.  This anti-paratope antibody thus mimics the original insulin ligand; indeed this molecular mimicry is evidenced by the ability of the anti-paratope antibody to bind to the insulin receptor and induced glycolysis, just as insulin would.

· By re-expressing the image of the original epitope in the form of anti-paratope antibody, the immune system will continue to be activated even after the original antigen has been cleared;  this may ensure that sufficient clonal proliferation and memory cell production occurs in response to the original epitope.

6.  Define tolerance.

When you encounter antigen, the immune system can either develop an immune response or enter an unresponsive state called tolerance.

7.  Describe self-recognition and self tolerance in fetal and neonatal animals.

· Recognition of self occurs during gestation. This is critically important, because if you recognize non-self molecules as self during development, you will have tolerance to the non-self antigen later in life.

· No immune response will be elicited if that “non-self antigen” is actually recognized as self.

8.  Describe high and low zone tolerance to soluble antigens in adult animals (Figure 16-8)

· This basically deals with priming doses of antigen related to vaccines.

· You prime an individual with a certain concentration of antigen, and then later challenge that individual with a known immunogenic dose.

· What you find is that at really high and low primer doses, you can induce tolerance, but at intermediate doses you have an immune response. 

· So, with vaccinations, you don’t want too much or too little primer.

9.  Explain what is meant by clonal deletion and clonal anergy in regard to tolerance induction.

· Clonal anergy is when clonal proliferation is shut off due to lack of co-stimulatory signal.  This prevents any immune response, which results in tolerance.

· Clonal deletion occurs during the process of clonal selection.  The immunoglobulins or TCR on a cell that are specific to a particular antigen cause that cell to be killed.  Hence, you don’t have any recognition of the antigen, and no immune response.  This is tolerance.

Chapter 17:  The Complement System
Most/all of this chapter comes from Kuby’s Chapter 14.

The complement system, the major effector of the humoral branch of the immune system, consists of at least 20 chemically distinct serum proteins and glycoproteins.  Following initial activation, various complement components interact in a highly regulated enzyme cascade, to generate reaction products that facilitate antigen clearance and generation of an inflammatory response.

Note:  A general understanding of the operation and function of this system is required but limit the facts you memorize to those listed as objectives.  This system is also an important subject that is treated in the pathology module.

Details in Tables 17-1, 17-2, 17-4, 17-6 are not required for memorization.  I think that the tables that we’re not supposed to memorize in the new edition are actually 14-1, 14-2, 14-4, & 14-6.

Objectives:

1.  Describe the symbols (numbers, letters, bars, etc.,) and their meaning for the complement components and their interaction (See section “Complement Components”)

· Complement components constitute 15% of the serum globulin fraction and circulate in the serum in functional inactive forms (proenzyme).

· Each proenzyme is activated by cleavage of the molecule, which removes the inhibitory fragment, and exposes the active site.

· The complement system has a particular naming protocol for its components.

1. Each complement component is designated by letters (C, D, etc.)

2. Each complement component is designated also by number (C1-C9)

3. The peptide fragments formed by the activation of a component are denoted by the lower case letters like “a, b, c, etc.)  The smaller fragments of the cleaved protein are generally designated “a” and the larger fragments are designated “b” (C3a, C3b).  Note, the larger ‘b’ fragments bind to the target near the activation site and the smaller ‘a’ fragments diffuse from the site and play a role in initiating a localized inflammatory response.

4. Complement fragments interact with one another to form functional complexes.  Those of interest to us, are designated by a bar over the number or symbol (C4b2a, C3bBb).  Since I can’t overline the numbers, I’ll underline them in my notes.

You really need to be familiar with the stuff above, before you start reading further.  Otherwise, it gets really confusing.

2.  Describe the classical and alternate complement pathways and their interaction as shown in 

Figure 14-1

· The early steps in complement activation, which culminate in the formation of C5b, can occur via the classical pathway or the alternative pathway.

· The final steps leading to the production of C5b6789-MAC are common to both pathways.

· To maintain your sanity, please refer to Figure 14-1 in the description of the classical and alternative pathways.

Classical Pathway
· Complement activation via the classical pathway is commonly initiated by the formation of soluble antigen-antibody complex (immune complexes) or by the binding of antibody to antigen on a suitable target (such as a bacterial cell).

· IgM, IgG1, IgG2 and IgG3 as well as certain nonimmunological substances can activate the classical complement pathway.

· The initial stage of activation involves C1, C2, C3, and C4, which are present in plasma in the inactive form (See Table 14-1).

· The complexing of antibody with antigen induces conformational changes in the Fc portion of the antibody molecule that exposes a binding site for the C1 component (on the antibody molecule).

· In the serum, C1 consists of 1 molecule of C1q and two molecules each of C2r and C1s, held together as a complex by Ca2+.  (C1qr2s2)

· Each C1 molecule must bind, via its C1q globular heads, to at least two Fc sites for a stable C1-antibody interaction to occur.

· Bound Pentameric IgM has at least 3 binding sites for the C1q (circulating IgM is in a planar configuration and doesn’t have binding sites; this is why complement won’t just randomly bind to it in the blood).

· An IgG molecule contains only a single binding site, and so for C1q binding to occur, at least two must be close together (end result is that IgG doesn’t bind with as high affinity as IgM).

· The binding of the C1q to the Fc binding sites induces a conformational change in C1r that converts C1r to an active serine protease enzyme (C1r), which then cleaves C1s to a similar active enzyme (C1s)

· The C1s hydrolyzes C4, which results in C4a and C4b.  This exposes a binding site on the C4b fragment for C2.

· C2 proenzyme attaches to the C4b binding site, and is then cleaved by C1s, into C2b (diffuses away) and C4b2a. The C4b2a complex is called C3 convertase.

· A single C3 convertase (C4b2a) can hydrolyzes up to 200 C3 component molecules into C3a and C3b.  (hence, there is amplification at this stage).

· Some of the C3b binds to C4b2a to form a trimolecular complex = C4b2a3b called C5 convertase.

· The C5 convertase binds C5 and cleaves it into C5a (diffuses away) and C5b, which attaches to the antigenic surface.

· It is the C5b that initiates formation of the membrane attack complex (described later).

· Note, that some of the C3b generated by the C3 convertase diffuses away and coats immune complexes and particulate antigens, functioning as an opsonin (discussed later)

Alternative Pathway
· This pathway involves four serum proteins:  C3, factor B, Factor D and properdin (See Table 14-2).

· Unlike the classical pathway, which generally requires antibodies to be initiated, the alternative pathway is initiated in most cases by various cell-surface constituents that are foreign to the host  (See Table 14-3 it is kind of interesting).

· Serum C3 is unstable, and slowly hydrolysis to yield C3a and C3b.

· C3b component binds to foreign surface antigens

· Bound C3b binds factor B.  This binding exposes a site on factor B that serves as the substrate for Factor D.

· Factor D cleaves the C3b-bound factor B, leaving a small fragment (Ba), which diffuse away and generating C3bBb.

· The C3bBb complex has C3 convertase activity and thus is analogous to C4b2a of the classical pathway.

· C3bBb is stabilized by the protein properdin.  The C3bBb can cleave unhydrolyzed C3 to generate more C3b.  This is very large divergent amplification (~ 2 x 106 molecules of C3b can be deposited on an antigenic surface in less than 5 minutes).

· The C3 convertase activity of C3bBb generates the C3bBb3b complex, which is a C5 convertase.

· This C3bBb3b hydrolyze the bound C5 to generate C5a and C5b.

3.  List the complement components that constitute the C3 and C5 covertases in the classical and alternate pathways (Table 14-3)


Classical Pathway
Alternative Pathway

C3 Convertase
C4b2a
C3bBb

C5 Convertase
C4b2a3b
C3bBb3b

4.  Describe how cells expressing the type 1 complement receptor (CR1) are able to bind both immune complexes and particulate antigen to which C3b is attached, thus, facilitating antigen clearance.

· Cells expressing CR1 (erythrocytes, neutrophils, monocytes, macrophages eosinophils, follicular dendritic cells, B cells, and some T cells) bind Cb3, and immune complexes.  These cells can phagocytize the antigen or destroy it by other means.

5.  Describe the ligands and give the cellular distribution of complement receptors listed in Figure 17-4 (I’m not sure what is Figure 17-4 in Kuby’s second edition, so I included all of them from Kuby’s 3rd edition).  Table 14-8

Complement-Binding Receptors

Receptor
Major Ligands
Activity
Cellular Distribution

CR1 (CD35)
Cb3, C4b
Blocks formation of C3 convertase; binds immune complexes to cells
Erythrocytes, neutrophils, monocytes, macrophages, eosinophils, follicular dendritic cells, B cells, some T cells



CR2 (CD21)
C3d, C3dg, C3bi
Part of B cell co-receptor; binds Epstein-Barr virus
B cells, some T cells



CR3 (CD11b/18)
C3bi
Bind cell-adhesion molecules on neutrophils, facilitating their extravasation; bind immune
Monocytes, macrophages, neutrophils, NK cells, and 

CR4 (CD11c/18)

complex, enhancing their phagocytosis


some T cells



C2a/C4a Receptor
C3a, C4a
Induces degranulation of mast cells and basophils
Mast Cells, basophils, granulocytes



C5a Receptor
C5a
Induces degranulation of mast cells and basophils
Mast cells, basophils, granulocytes, macrophages, platelets, endothelial cells



6.  Explain the consequences of C3a, C4a and C5a binding to their corresponding receptors on mast cells or basophils and the influence on inflammation (Table 14-7)

· C3a, C4a, and C5a, called anaphylatoxins, bind to receptors on mast cells and blood basophils.  The binding induces degranulation with release of histamine and other mediators.

· These product induce smooth-muscle contraction and increased vascular permeability.

· This will be discussed in the next chapter.

7.  Describe the role that the membrane-attack complex plays in antimicrobial immunity (“Cell Lysis”)

· C5b, C6, C7, C8 and many C9 molecules all interact in sequence to form a macromolecular structure called the membrane-attack complex (MAC).

· The C5b fragment binds to C6, which stabilizes its activity.  

· The C5b6 binds to C7 …. Then to C8 … and then many C9 bind (See Figure 14-4 d-f).

· The result is a membrane pore, which causes the target cell to loose osmotic stability and be lysed by an influx of water.

· Another thing that is interesting is that if the C5b67 complex is not on a cell membrane (phospholipid bilayer), it is released into the blood stream.  This C5b67 complex can bind to nearby cells and cause innocent bystander lysis.  I’m not kidding.

· This autoimmune process will be discussed later.

8.  Describe the biological effects of various components of complement following activation of the system as shown in Table 17-5.

Summary of Biological Effects Mediated By Complement Products
Effect
Complement Product Mediating

Cell lysis


C5b-9, the membrane attack complex (MAC)

Inflammatory Response:


       Degranulation of mast cells and basophils


C3a, C4a and C5a (anaphylatoxins)

       Degranulation of eosinophils


C3a, C5a

       Extravasation and chemotaxis of leukocytes at inflammatory site.


C3a, C5a, C5b67

       Aggregation of platelets


C3a, C5a

       Inhibition of monocyte/macrophage migration and induction of their spreading


Bb

       Release of neutrophils from bone marrow


C3c

       Release of hydrolytic enzymes from neutrophils


C5a

       Increased expression of complement receptors (CR1 and CR3) on neutrophils


C5a

Opsonization of particulate antigens, increasing their phagocytosis


C3b, C4b, C3bi

Viral neutralization


C3b, C5b-9 (MAC)

Solubilization and clearance of immune complexes


C3b

9.  List and describe the action of the complement mediators having to do with opsonization of antigen.

· C3b is the major opsonin of the complement system, but C4b and C3bi also have this ability.

· The C3b amplification, results in coating of immune complexes and particulate antigen by C3b.

· Phagocytic cells (neutrophils, monocytes, macrophages) express complement receptors (CR1, CR3, CR4) that bind to C3b, C4b or C3bi so the coated antigen is phagocytosed.

· Only CR1 binds to coated antigen.

· Activation of phagocytic cells by various agents, including C5a anaphylatoxin increase the number of CR1s from 5000 to 50000 on phagocytes.

10.  Describe the relation of immune complex, SLE and complement factors.

· Individuals with systemic lupus erythematosus (SLE) produce large quantities of immune complexes and suffer tissue damage as a result of complement mediated lysis and type II or type III hypersensitivity (Chapter 17 of 3rd ed. Kuby’s book).

· It is paradoxical that deficiencies in C1, C2, C4 and CR1 predispose an individual to SLE.  It is explained by the following:

1. Erythrocytes account for 90% of the CR1 in the blood.  Thus, they play a big role in binding C3b-coated immune complexes and carrying these complexes to the liver and spleen.

2. In the liver and spleen, immune complexes are stripped from the red blood cells and are phagocytosed, thereby preventing their deposition in tissues.

3. In SLE, deficiencies in C1, C2 and C4 each contribute to reduced levels of C3b on immune complexes, and hence inhibit their clearance. 

4. Lower CR1 levels also probably contribute.

11.  Describe the conditions of patients with C3 and membrane-attack complex (MAC) deficiencies

· C3 deficiency prevents activation of C5 and hence prevents formation of MAC.  The patients suffer from frequent severer bacterial infection.

· MAC deficiencies result in recurrent meningococcal and gonococcal infections caused by Neisseria species.

Chapter 18:  Hypersensitivity Reaction.
The information in this chapter comes from Kuby’s Chapter 17 in the 3rd edition.

Notes:  The text gives a clear and detailed description of Type I hypersensitivity, however, because of the volume of the material in this section, the following notes are provided to guide you to the required information.
1.  Learn Table 18-1 Gell and Coombs classification.  (See Objective 1 below).

2.  Type I reactions can produce life-threatening reactions as systemic anaphylaxis and asthma or just annoying reactions like hay fever and eczema (pgs. 415-416)

3.  Know the major symptoms and time course of systemic anaphylaxis in the human as described for guinea pigs and note that the  reaction requires a prior sensitization with the same antigen.

· Systemic anaphylaxis (ana = against, phylaxis = protection) is a shock-like and often fatal state whose onset occurs within minutes of a type I hypersensitive reaction.

· Active sensitization in guinea pigs is induced by a single injection of a foreign protein such as egg albumin.

· After an incubation period of ~ 2 weeks, the animal is challenged with an intravenous injection of the same protein.

· Within 1 minute, the animal becomes restless, its respiration becomes labored and its blood pressure drops.  As the smooth muscled of the GI tract and bladder contract, the animal defecates and urinates.

· Finally, bronchiole constriction results in death by asphyxiation within ~ 4 minutes of the injection.

· All of these events stem from the systemic vasodilation and smooth-muscle contraction brought on by mediators released during the course of the reaction.

· Epinephrine is the drug of choice to treat these reactions:

1. It counteracts the effects of mediators like histamine and the leukotrienes by relaxing smooth muscles and reducing vascular permeability.

2. It also increases cardiac output

3. And, it increases cAMP levels in the mast cells (blocking further degranulation).

4.  Know the common substances that can cause generalized anaphylaxis in the human.  Know the categories and a few examples from Table 17-2.

a) Proteins

i) Foreign serum

ii) Vaccines

b) Plant pollens

i) Rye grass

ii) Ragweed

iii) Timothy grass

iv) Birch Trees

c) Drugs

i) Penicillin

ii) Sulfonamides

iii) Local anesthetics

iv) Salicylates

d) Foods

i) Nuts

ii) Seafood

iii) Eggs

iv) Peas/beans

e) Insect Products

i) Bee & wasp venom

ii) Ant venom

iii) Cockroach calyx

f) Mold Spores

g) Animal Hair and dander

5.  Localized anaphylaxis reaction is limited to a special target or organ, often involving epithelial surfaces and pre-disposition for this reaction is inherited, called atopy.

6.   Be able to describe the major symptoms of hay fever (allergic rhinitis), allergic asthma, food allergy, atopic urticaria, atopic dermatitis and late phase reaction.

· Each of the above problems are associated with localized anaphylaxis, not systemic 

Hay Fever (allergic rhinitis) 

· results from airborne allergens reacting with sensitized mast cells in the conjunctiva and nasal mucosa.

· It causes local vasodilation and increased capillary permeability:

· Symptoms:  watery exudations of the conjunctiva, nasal mucosa and upper respiratory tract , plus sneezing and coughing.

allergic asthma

· this asthma results from airborne or blood-borne allergens.  This is in contrast to intrinsic asthma (which is induced by cold, or exercise)

· The mast cell degranulation occurs in the lower respiratory tract, which results in contraction of the bronchial smooth muscles.

· Airway edema, mucus secretion and inflammation contribute to the bronchial contraction and to airway obstruction.

food allergy

· Allergen cross-linking of IgE on mast cells along the upper or lower GI tract can induce localized smooth muscle contraction and vasodilation.  

· The resulting systems are vomiting and diarrhea.

atopic urticaria (hives)
· Mast cell degranulation along the gut can increase permeability of the mucous membranes so that the allergen enters the blood stream.

· Hives are localized skin swelling (edematous), red eruptions (erythematous) which can occur due to food allergies.

atopic dermatitis (allergic eczema)
· This is an inflammatory disease of the skin that is frequently associated with a family history of atopy (atopy = hereditary allergy produced on exposure to allergen without previous inoculation).

· The allergic individual develops skin eruptions that are erythematous and filled with pus.  Unlike delayed type hypersensitive reactions which involve TH1 cells, the skin lesions in atopic dermatitis have TH2 cells and an increased number of eosinophils.

late phase reaction

· As a type I hypersensitive reaction begins to subside, mediators released during the course of the reaction often induce a localized inflammatory reaction celled the late-phase  reaction.

· It is characterized by the infiltration of neutrophils and eosinophils 1 -2 days after the initial reaction. 

· The cells release various factors that can be detrimental to the normal surrounding tissue

7.  Allergen:  refer to 4 above and know that ragweed fractions R and K account for 95% of ragweed—sensitive reactions in humans.

8.  Reaginic Antibody.  Describe the P-K reaction .  Note that reaginic antibody is IgE immunoglobulin and that it has an additional domain CH4 on the Fc region.

· The local wheal and flare response that occurs when an allergen is injected into a sensitized individual is refereed to as the P-K-reaction.  Originally, the serum component responsible was not known, and was called reagin.  It was eventually found to be IgE.

9.  Target Cells for IgE - blood basophils and tissue mast cells.

10.  IgE Fc receptors - Fc RI high affinity receptors on mast cells and basophils bind IgE through the CH2/CH2 domain.  Fc RII low affinity receptors on B cells, macrophages and eosinophils bind IgE through the CH3/CH3 domain (CD23).

11.  Mechanism of IgE-mediated degranulation.  This section describes the biochemical events mediating degranulation.  Note that IgE mediated degranulation begins when an allergen cross-link receptor-bound IgE on the surface of a mast cell or basophil .  The rest of this section is NOT required reading, however, it is interesting and should be included (Gautam’s opinion).

12.  Mediators of type I reactions.  The clinical manifestations of type I hypersensitivity are related to the biological effects of the mediators released.  These mediators are pharmacologically active agents that act on local tissue as well as on populations of secondary effector cells including eosinophils, T lymphocytes, monocytes and platelets.   The mediators thus serve as an amplifying terminal effector mechanism.  Note the difference between primary and secondary mediators (Table 17-4) and give a few examples of each and their function.

· The mediators can be classified as either primary or secondary (Table 17-4).

· Primary mediators are produced before degranulation and are stored in the granules.

· Secondary mediators are either synthesized after target cell activation or are released by the breakdown of membrane phospholipids during the degranulation process.

Principle Mediators Involved in Type I Hypersensitive


Mediator
Effects

Primary


   Histamine
Increased Vascular permeability; smooth-muscle contraction

   Serotonin
Increased Vascular permeability; smooth-muscle contraction

   Eosinophil chemotactic factor (ECF-A)
Eosinophil chemotaxis

   Neutrophil chemotactic factor (NCF-A)
Neutrophil chemotaxis

   Proteases
Bronchial mucus secretion; degranulation of blood-vessel basement membrane; generation of complement split products

Secondary


   Platelet-activating factor
Platelet aggregation and degranulation; contraction of pulmonary smooth muscles

   Leukotrienes (slow reactive substance of anaphylaxis SRS-A)
Increased vascular permeability; contraction of pulmonary smooth muscles

   Prostaglandins
Vasodilation; contraction of pulmonary smooth muscles; platelet aggregation

   Bradykinin
Increased vascular permeability; smooth muscle contraction

   Cytokines IL-1 & TNF-(
Systemic anaphylaxis; increased expression of CAMs on venular endothelial cells

   Cytokines IL-2, IL-3, IL-4, IL-5, IL-6, TGF-( and GM-CSF
Various effects (See Table 13-1)

13.  Regulation - A genetic component (not linked to MHC) influences type I hypersensitivity in humans.  When both parents are allergic, there is a 50% chance that the child will be allergic; when only one parent is allergic, there is a 30% chance that the child will have some kind of reaction.

14.  Cytokines in regulation - regulate isotype expression, clonal expansion of IgE committed B cells and regulate the intensity and duration of late-phase reaction.

15.  Regulation by IgE-binding - Omit; this is NOT required reading.

16.  Detection (testing) for Sensitization:  Described the radioimmunosorbent test and the Radioallergosorbent test (Figure 17-9 and Figure 17-10)

· There is a skin test in which the allergen is injected into the skin and you wait to see if there is a reaction.  The disadvantage to this is that you might sensitize and individual to the allergen.

· Radioimmunosorbent test (RIST) - is used to determine the level of total IgE.  The serum is reacted with beads coated with anti-IgE.  They are then washed and 125I-labled anti-IgE is added.   The beads are then counted under a gamma counter (Figure 17-10a)

· Radioallergosorbent test (RAST) - is similar, except it detects the serum level of IgE for a specific allergen.  The allergen in coupled to beads, the patient’s serum is added and the unbound antibody is washed away.  The amount of specific IgE bound to the solid-phase allergen is then measured by adding 125I-labled anti-IgE, washing the beads and counting the bound radioactivity.  (Figure 17-10b)

17.  Therapy:  Type I - avoid allergen and/or take antihistamines.  Immunotherapy Type I -repeated infections of increasing dose of allergens reduces severity of type I reactions or eliminate them completely by producing blocking IgG antibody and/or T cell mediated suppression of the IgE response.

Objectives:

1.  Describe and differentiate among the 4 types of hypersensitivity as shown in Table 17-1.

· Gell and Coombs proposed a classification scheme in which hypersensitivity reactions are divided into 4 types (I, II, III, & IV), each involving distinct mechanisms, cells and mediator molecules.

· The classification serves an important function in identifying the mechanistic differences between the types of reaction.

Gell & Coombs Classification of Hypersensitive Reactions
Type
Descriptive Name
Initiation Time
Mechanism
Typical Manifestations

Immediate Reactions:





   Type I
IgE-mediated hypersensitivity
2 - 30 minutes
Ag induces cross-linkage of IgE bound to mast cells and basophils with release of vasoactive mediators
Systemic Anaphylaxis

Localized anaphylaxis:

  Hay fever

  Asthma

  Hives

  Food allergies

  Eczema

   Type II
Antibody- mediated hypersensitivity
5 - 8 hours
Ab directed against cell-surface antigens mediates cell destruction via complement activation of ADCC
Blood-transfusion reactions

Erythroblastosis fetalis

Autoimmune hemolytic anemia

   Type III
Immune Complex- mediated hypersensitivity
2 - 8 hours
Ag-Ab complexes deposited in various tissues induce complement activation and an ensuing inflammatory response.
Localized Arthus reaction

Generalized reactions:

  Serum sickness

  Golmerulonephritis

  Rheumatoid arthritis

  Systemic lupus erythematosus (SLE)

Delayed Type Reactions





   Type IV
Cell-mediated hypersensitivity
24 - 72 hours
Sensitized TDTH cells release cytokines that activate macrophages or TC cells, which mediate direct cellular damage.
Contact dermatitis

Tubercular lesions

Graft rejection

2.  Describe the induction, activation and mechanism of action of type 1 hypersensitivity (Figure 17-1)

· As shown in Figure 17-1, there are several components critical to the type I hypersensitive reactions:  We’ll consider these first and then talk about degranulation.

Allergens
· allergen refers specifically to nonparasitic antigens capable of stimulating type I hypersensitive response in allergic individuals.

· Most allergic IgE responses occur on mucous membrane surfaces in response to allergens that enter the body through ingestion or inhalation.

· Allergenicity is a consequence of a complex series of interactions involving not only the allergen, but also the dose, sensitizing route, sometimes an adjuvant, and (most importantly) the genetic constitution of the recipient. 

Reaginic Antibody (IgE)

· IgE was found to be composed of two heavy (() chains and two light chains (like normal Igs), but it has a higher molecular weight.

· This extra weight is due to an additional constant-region domain (Figure 5-15), called CH4.  

· This region contributes to an altered conformation of the Fc portion of the molecule that enables it to bind to glycoprotein receptors on the surface of basophils and mast cells.

· Although the half-life of IgE in the serum is 2-3 days, when bound on mast cells and basophils, it is stable for weeks.

Mast Cells and Basophils
· Basically, you just need to know that IgE binds predominantly to mast cells and basophils.

IgE-Binding Fc Receptors
· The activity of the IgE depends on its ability to bind to a receptor specific for the Fc region of the ( heavy chain.  Two classes of Fc(R have been identified.

1. High affinity receptor (Fc(RI)

· Mast cells and basophils express Fc(RI, which binds IgE with high affinity.

· Fc(RI contains four polypeptide chains: 1 ( and 1 ( chain and two ( chains (See Figure 17-3 a)

· Fc(RI interacts with the CH3/CH3 and CH4/CH4 domains of the IgE molecule via the two domains on its ( chain.

· The ( chains link the extracellular ( chain to the intracellular ( chains.

· The ( chains have a domain called the immunoreceptor tyrosine activation motif (ITAM).  Recall this was also on the chains of CD3  on the T cell receptor and the Ig-(/Ig( chains of mIg on B cells.

· ITAM interacts with protein kinases to transduce an activating signal to the cell.

· Allergen mediated cross-linkage of the bound IgE results in aggregation of the Fc(RI receptors and rapid tyrosine phosphorylation, which leads to mast cell degranulation.


2.
Low affinity Receptor (Fc(RII)

· Fc(RII ( or CD23) is specific for the CH3/CH3 domain of IgE.

· Allergen cross linkage of IgE bound to Fc(RII activates B cells, alveolar macrophages, and eosinophils.

· When the receptor is blocked, IgE secretion is decreased by B cells.

· A soluble form of Fc(RII (sCD23) formed by autoproteolyis of the membrane receptor enhances the IgE production by B cells.

Mechanism of IgE Mediated Degranulation
· Figure 17-5 is a pretty good explanation of the degranulation process.  You might want to look at it in connection with the following description.

· An Allergen cross links receptor bound IgE on the surface of a mast cell or basophil.  Figure 17-4a.

· Cross-linkage of the Fc(RI receptors activates the associated protein tyrosine kinases (PTKs), resulting in the phosphorylation of tyrosine within the ITAMs of the ( chain as well residues of the ( chain (and on phospholipase C)

· These phosphorylations induce second messengers that mediate the process of degranulation (Figure 17-5).

· Within 15 s of Fc(RI cross-linkage, membrane fluidity is increased and Ca2+ channels are formed.

· The influx of Ca2+ leads to the formation of arachadonic acid, which is converted into two classes of potent mediators:  prostaglandins and the leukotrienes.

· The Ca2+ also promotes the assembly of microtubules and contraction microfilaments for movement of granules to the plasma membrane.  (drugs like cromolyn sodium block this Ca2+ influx ( treatment for allergies).

· Concomitantly, there is a transient increase in adenylate cyclase activity, with a rapid peak in cAMP.  The cAMP causes cAMP-dependent protein kinases to phosphorylate granule membrane proteins, increasing water permeability.

· This increase causes swelling of the granules an facilitates their plasma membrane fusion.

· The increase in cAMP is followed by a sharp drop (figure 17-6), which is necessary before degranulation can continue.  (drugs that increase cAMP, can block the degranulation.  Examples are theophylline and epinephrine).

3.  Distinguish between systemic and localized anaphylaxis.

· Both systemic and localized anaphylaxis are type I hypersensitivity reactions.  They both operate via mechanisms through binding of allergen to IgE

· Systemic anaphylaxis involves a whole body response, but the localized anaphylaxis is confined to a specific target tissue or organ, usually involving epithelial surfaces.

· The really big difference is that in systemic anaphylaxis, there is a sensitization to some particular antigen.  The second exposure, results in the anaphylactic response.  In the localized anaphylaxis, the reaction is genetic/inherited and can occur without prior sensitization.  

· The localized anaphylaxis is also called atopy, which is a hereditary allergy characterized by symptoms (hay fever, hives) produced upon exposure to the antigen without inoculation.

4.  Type II hypersensitivity reaction involve antibody-mediated destruction of cells.  Describe three immune mechanisms of cell destruction by this reaction.

· Type II hypersensitive reactions involve antibody-mediated destruction of cells.  This is best exemplified by the reactions to blood transfusions in which the host antibodies react with foreign antigens present on the incompatible transfused blood cells and mediate cell destruction.

· This destruction can come about by 3 mechanisms:

1. Antibody activation of the complement system resulting in pores in the membranes of the foreign cells

2. Antibody-dependent cell mediated cytotoxicity (ADCC)

3. Antibody can serve as an opsonin, which enables phagocytic cells with Fc or C3b receptors to bind and phagocytize the antibody coated cell.

5.  List the blood groups, their antigens and antibodies (Figure 17-12b).

Genotype
Blood-Group Phenotype
Antigens on Erythrocytes (agglutinins)
Serum antibodies (isohemagglutinins)

AA or AO
A
A
Anti-B

BB or BO
B
B
Anti-A

AB
AB
A and B
None

OO
O
None
Anti-A and Anti-B

6.   Describe the major clinical manifestations of a transfusion reaction, immediate and delayed.

· Transfusion of blood into a recipient possessing antibodies to one of the blood-group antigens can result in a transfusion reaction.   This can be either immediate or delayed.

Immediate Reaction
· Immediate reactions are most commonly associated with ABO blood group incompatibilities (a really big mistake), which lead to complement mediated lysis triggered by the IgM isohemagglutinins.

· Within hours, free hemoglobin (Hb) is detected in the plasma.

· Some Hb is converted into bilirubin, which at high levels is toxic.

· Symptoms:  fever, chills, nausea, clotting within vessels, pain in the lower back and Hb in the urine.

Delayed Reaction
· This usually occurs in people who have had repeated transfusions of ABO-compatible blood that is incompatible for other blood-group antigens.

· The reactions develop between 2 - 6 days.

· The transfused blood induces clonal selection and production of IgG against a variety of blood-group membrane antigens.  The most common are Rh, Kidd, Kell, and Duffy.

· The predominant isotype is IgM and because of this, complement mediated lysis is not the major pathway.

· Cells are destroyed at extravascular sites by agglutination, opsonization and subsequent phagocytosis.

· Symptoms include:  fever, lowered Hb, increased bilirubin, mild jaundice and anemia.

7.  Hemolytic disease of the newborn develops when maternal IgG antibodies specific for fetal blood-group antigens cross the placenta and destroy fetal red cells.  Describe the mechanism of hemolysis due to Rh incompatibility of erythroblastosis fetalis and the rationale for treatment (Figure 17-13).

· Severe hemolytic disease of the newborn, called erythroblastosis fetalis, most commonly develops when an Rh+ fetus expresses an Rh antigen on its blood cells that the Rh- mother does not express.

· During pregnancy, fetal RBCs are separated form the mother’s circulation by a layer of cells in the placenta (trophoblast)

· At the time of delivery, separation of the placenta from the uterine wall allows larger amount of fetal umbilical-cord blood to enter the mother’s circulation.

· These fetal RBCs activate Rh-specific B ells, resulting in production of Rh-specific plasma and memory cells.

· A subsequent pregnancy with an Rh incompatible fetus will result in activation of these memory cells and the formation of IgG anti-Rh antibodies.

· These cross the placenta and damage the fetal RBCs.  The Hb (and bilirubin), will build up and may cause brain damage.

· Rhogam antibodies are drugs that bind to fetal RBCs at the time of delivery, and facilitate their clearance before B cell activation.  The result is that you don’t get memory cell production, so that subsequent pregnancies are not detrimental to the fetus (Figure 17-13).

Treatments

· Treatment for the Rh incompatibility can involve intrauterine blood-exchange transfusion

· Or, after birth the infant can be exposed to UV light to break down bilirubin.

· The mother can also be treated with plasmaphoresis (anti-Rh antibody is discarded).

8.  Certain antibiotics (penicillin, cephalosporin and streptomycin) can adsorb nonspecifically to proteins on RBC membranes forming a complex similar to a hapten-carrier complex.  Describe the mechanism of hemolysis.

· Adsorption = adhesion in an extremely thin layer of molecules to the surfaces of solid bodies with which they are in contact.  This is not the same as absorption.

· The drug-protein complexes induce formation of antibodies, which then bind to the adsorbed drug on the RBC.  This induces complement mediated lysis and thus progressive anemia.

9.  Immune complex mediated hypersensitivity type III involves:  antigen-antibody complexes, complement activation, eosinophils, neutrophils and lytic enzymes.  Describe the interaction of these elements in the production of an Arthus reaction (Figure 17-14) and generalized type III reaction (serum sickness or circulating immune complex disease).  Give examples of both types.

· The reaction of antibody with antigen generates immune complexes, which are generally cleared by phagocytic cells.

· The type III hypersensitive reactions develop when immune complexes activate the complement system’s array of immune effector molecules (not normal).

Arthus Reaction
· Injection of antigen intradermally results in the formation of immune complex (Figure 17-14) which mediate the Arthus reaction within 4-8 hours.

· Neutrophils migrate into the tissues at the site of the immune-complex deposition.  The neutrophil then releases lytic enzymes which lead to fluid accumulation (edema) and RBC accumulation (erythema).

· The immune complex itself activates the complement system’s array of immune effector molecules (Figure 17-14), resulting in release of C3a, C4a and C5a.

· These cause mast cell degranulation.

Generalized Type III Reactions
· When antigen enters the blood stream, complexes form that cause tissue damage by type III reactions.

· These were historically observed after the administration of antitoxins containing foreign serum.

· The recipient develops antibodies to the foreign serum proteins, which then form circulating immune complexes with the foreign serum antigens.

· Within days to weeks, patients manifest systems called serum sickness, which includes fever, weakness, generalized vasculitis (rashes) with edema and erythema, lymphadenopathy, arthritis and sometimes Golmerulonephritis.

· Formation of circulating immune complex contributes to the pathogenesis of a number of conditions including autoimmune diseases.

10.  Describe the reaction of contact dermatitis as shown in Figure 17-16.  List the cytokines involved in type IV reaction and state the outcome of their action.

· The type IV hypersensitive reactions develop when antigen activates sensitized TDTH cells.  This results in the secretion of interleukin 2 (IL-2), IFN-(, macrophage-inhibiting factor (MIF), and tumor necrosis factor ( (TNF-().

· The result of this cytokine release is to draw macrophages to the area and activate them, increasing their phagocytic activity.

· Contact dermatitis reactions (response to formaldehyde, trinitrophenol, nickel, turpentine, cosmetics, hair dyes, poison oak and poison ivy) are mediated by TDTH cells.  See Figure 17-16.

· The molecules complex with skin proteins and are internalized by APCs in the skin (Langerhans cells).  They are then presented with class II MHC molecule, which activates TDTH cells.

· The TDTH cells mediate the type IV reaction as described a moment ago.

Chapter 19:  Autoimmunity
The response of the immune system against self-components is termed autoimmunity.  Normally the mechanisms of self-tolerance protect an individual from potentially self-reactive lymphocytes.  Not all self-reactive lymphocytes are deleted during T-cell and B-cell maturation.  Normal healthy individuals have mature circulating self-reactive lymphocytes and do not have autoimmune reaction.  Their reactivity must be regulated in normal individual through clonal anergy or clonal suppression.  A breakdown in this regulation can lead to activation of self-reactive clones of T or B cells, generating humoral or cell-mediated responses against self-antigens.  (This is from the text).  Note also, that autoimmunity does not necessarily mean autoimmune disease.

“Proposed Mechanisms of Immunity” - pg. 495

Study Figure 20-9 to gain an understanding of the complexity and yet the integration of the various proposed mechanisms for the induction of autoimmunity.  No specific questions will be asked from the material presented in this section of the text.

Objectives:

1.  Discuss organ-specific and systemic autoimmune diseases.

· In an organ-specific autoimmune disease, the immune response is directed to a target antigen unique to a single organ or gland, so that the manifestations are largely limited to that organ.

· In systemic autoimmune diseases, the response is directed toward a broad range of antigens and involves a number of organs and tissues.  These disease reflect a generalized defect in T and B cell regulation.

2.  Name the organ specific self-antigen involved in each of the following autoimmune diseases:  Hashimoto’s thyroiditis;  Autoimmune Anemias;  Goodpasture’s Syndrome;  Insulin-Dependent Diabetes Mellitus (Table 20-1).

I am going to include a bit more than the question asks, for your own reference.  The diseases that you need to know are in italics.

Some Organ Specific Autoimmune Diseases in Humans

Disease
Self-Antigen
Immune Response

Addison’s Disease
Adrenal cells
Autoantibodies

Autoimmune hemolytic anemia
RBC membrane proteins
Autoantibodies

Goodpasture’s Disease
Renal and lung basement membranes
Autoantibodies

Graves’ Disease
Thyroid stimulating hormone receptor
Autoantibody (stimulating)

Hashimoto’s thyroiditis
Thyroid proteins and cells
TDTH cells and Autoantibodies

Idiopathic thrombocytopenia purura
Platelet membrane proteins
Autoantibodies

Insulin-dependent diabetes mellitus
Pancreatic beta cells
TDTH cells and Autoantibodies

Myasthenia gravis
Acetylcholine receptors
Autoantibody (blocking)

Myocardial infarction
Heart
Autoantibody

Pernicious anemia
Gastric parietal cells; intrinsic factor
Autoantibodies

Poststreptococcal golmerulonephritis
Kidney
Antigen-antibody complexes

Spontaneous infertility
Sperm
Autoantibodies

3.  Describe the mechanism of action of autoantibodies in Grave’s Disease and in Myasthenia gravis (Figures 20-4 & 20-5).

· In some autoimmune diseases, antibodies act as agonists, binding to hormone receptors in lieu of the normal ligand and stimulating inappropriate activity.

· In other autoimmune diseases, antibodies act as antagonists, binding to hormone receptors in lieu of the normal ligand but block activity.

Graves’ Disease
· In the normal situation, thyroid stimulating hormone is produce by the pituitary gland.  Binding of TSH to a receptor on thyroid cells activates adenylate cyclase and stimulates the synthesis of thyroid hormones.

· In a patient with Graves’ disease, autoantibodies are produced to the receptor for TSH.  Binding of these autoantibodies on the thyroid cell mimics the normal action of TSH, resulting in hormone production.  However, this is not regulated, and overproduction of thyroid hormone results.  Figure 20-4 presents this very well.

Myasthenia gravis
· A patient with this disease produces autoantibodies to the ACh receptors on the motor end plates of muscles.

· Binding of the autoantibody to the receptor prevents binding by ACh without activating muscle action.  This is shown well in Figure 20-5.

· The antibodies also induce complement-mediated degradation of the receptor, resulting in progressive weakening of skeletal muscle.

4.  Name the self-antigens involved in the following systemic autoimmune disease:  systemic lupus erythematosus and multiple sclerosis.  (See Table 20-1)

Some Organ Specific Autoimmune Diseases in Humans

Disease
Self-Antigen
Immune Response

Ankylosing spondylitis
Vertebrae
Immune complexes

Multiple sclerosis
Brain or white matter (myelin)
TDTH and TC cells, autoantibodies

Rheumatoid Arthritis
Connective tissue, IgG
Autoantibodies, immune complexes

Scleroderma
Nuclei, heart lungs, GI tract
Autoantibodies

Sjogren’s syndrome
Salivary gland, liver, kidney, thyroid
Autoantibodies

Systemic lupus erythematous
DNA, nuclear protein, RBCs and platelet membrane
Autoantibodies, immune complex

5. Based on animal models, CD4+ T-cells are the primary mediator of autoimmune diseases and susceptibility to certain autoimmune diseases has been associated with particular MHC alleles and TCR variable-region exons.  Describe the trimolecular complex of MHC molecule, peptide antigen and T cell receptor that a susceptible individual possesses in order to induce self-reactive immune components.

· CD4+ T cells are the primary mediator of autoimmune disease.

· Recall that T-cell recognition of antigen involves a trimolecular complex of the T-cell receptor, an MHC molecule and antigenic peptide (Chapter 11, Figures 11-14 & 11-16).

· Thus, an individual susceptible to autoimmunity must posses MHC molecules and T cell receptors capable of binding self-antigen.

Role of CD4+ T-cells and TH1/TH2 Balance
· Most cases of organ-specific autoimmune disease develop as a consequence of self-reactive CD4+ T cells.

· Analysis of these CD4+T cells has revealed that the TH1/TH2 balance can impact whether autoimmunity develops or not.

· TH1 cells have been implicated in the development of autoimmunity, whereas TH2 cells not only protect against the induction of disease, but also against progression of established disease.

Association with the MHC
· Studies have supported an association between expression of a particular MHC allele and susceptibility to autoimmunity (Ankylosing spondylitis).

· Recall that we express the relative risk (RR) between the association of an autoimmune disease and the expression of a given HLA (a.k.a. MHC) allele.

· It is important to realize that the existence of such an association should not be interpreted to imply that the expression of a particular MHC allele has caused the disease, because the relationship between MHC alleles and development of autoimmune disease is complex.

· These diseases are not inherited by simple Mendelian genetics!

Association with the T-cell Receptor
· The presence of particular TCRs containing particular V( and V( domains also has been linked to a number of autoimmune diseases (multiple sclerosis)

· The preferential expression of TCR variable region genes in diseases like M.S. or M. gravis, suggest that a single epitope might induce the clonal expansion of a small number of pathogenic T cells.

6.  Autoimmune therapy are aimed at nonspecific suppression of the immune response using immunosuppresive drugs with the intent of slowing proliferation of lymphocytes in general.  Name three drugs commonly used for this.

· The three drugs that are mentioned that I think Dr. Lang is referring to are:  corticosteroids, azathioprine and cylcophosphamide.

· Another drug, cyclosporin A, can be used to treat autoimmunity.  This agent blocks signal transduction mediated by the TCR, so it should inhibit only antigen-activated T cells while sparing nonactivated ones.

7.  Name two autoimmune diseases that have the highest risk associated with HLA alleles.

· A whole list of these can be found in Table 20-3.  The most common are:  Ankylosing spondylitis, and Insulin-Dependent diabetes mellitus (IDDM).

· Forgot about HLA alleles already?  Check chapter 9 of your notes.  (
Chapter 20:  Vaccines

Objectives:

1.  Distinguish between passive and active immunization (Table 18-1)

· Passive immunization is when antibodies are transferred to a recipient.  It does not activate the immune system, so it will not generate a memory response.

· Active immunization elicits protective immunity and immunologic memory so that subsequent exposure to the pathogen will elicit a heightened immune response.

Acquisition of Immunity Through Passive and Active Immunization
Type of Immunization
Acquired through:

Passive
Natural maternal antibody - antibodies to diphtheria, tetanus, streptococci, rubella, mumps, and polio virus


Artificial immune serum - this is an antiserum (like for snake bites)

Active
Natural infection


Artificial infection:


   Attenuated organisms


   Inactivated organisms


   Purified microbial macromolecules


   Cloned microbial antigens (alone or in vectors)


   Synthetic peptides


   Anti-idiotype antibodies


   Multivalent complexes

2.  List the common agents used for passive immunization (Table 18-2)

Common Agents used for Passive Immunization

Disease/Affliction
Agent

Black widow spider bite
Horse antivenin

Botulism
Horse antitoxin

Diphtheria
Horse antitoxin

Hepatitis A and B
Pooled human immune gamma globulin

Measles
Pooled human immune gamma globulin

Rabies
Pooled human immune gamma globulin

Snake Bite
Horse antivenin

Tetanus
Pooled human immune gamma globulin or Horse antitoxin

3.  List the routine immunization schedule for infants and children by age and vaccine (Table 18-3)

Recommended Vaccination Schedule for Infants and Children
Age
Vaccine

Birth - 2 months
Hepatitis B

2 Months
Diphtheria-pertussis-tetanus (DPT) ( Pertussis is whooping cough

poliomyelitis (OPV) ( consists of 3 attenuated strains of virus

Haemophilus influenzae type b (Hib)



4 Months
Diphtheria-pertussis-tetanus (DPT)

poliomyelitis (OPV) 

Haemophilus influenzae type b (Hib)



6 - 18 Months
Hepatitis B

poliomyelitis (OPV)



12 - 15 Months
Diphtheria-pertussis-tetanus (DPT)

Varicella zoster (VZV)

Measles, mumps rubella (MMR)



4 - 6 years
Diphtheria-pertussis-tetanus (DPT)

poliomyelitis (OPV)

Measles, mumps rubella (MMR)



11 - 12 years
Diphtheria-tetanus

Varicella zoster (VZV)



4.  What are the routes commonly used for the administration of vaccines?

1. intramuscular injection (most common)

2. oral

3. intradermal (least common)

5.  List the bacteria vaccines and toxins commonly used in humans (Table 18-4)

6.  List the viral vaccines currently in use for human immunization (Table 18-4)

Classification  of Common Vaccines for Humans
Disease or Pathogen
Type of Vaccine

Whole Organisms


Bacterial Cells:


   Cholera
Inactivated

   Pertussis
Inactivated

   Plague
Inactivated

   Tuberculosis
Attenuated BCG




Viral Particles:
Attenuated

   Influenza
Inactivated

   Measles
Attenuated

   Mumps
Attenuated

   Polio (Sabin)
Attenuated

   Polio (Salk)
Inactivated

   Rubella
Inactivated

   Varicella zoster (chicken pox)
Attenuated

   Yellow fever
Attenuated

   


   Purified Macromolecules


Toxoids:


   Diphtheria
Inactivated exotoxin

   Tetanus
Inactivated exotoxin




Capsular polysaccharides


   Haemophilus influenzae
Polysaccharide + protein carrier

   Neisseria meningitidis
Polysaccharide

   Streptococcus pneumoniae
23 distinct capsular polysaccharides




Surface antigen


   Hepatitis B
Recombinant surface antigen

7.  Describe what is meant by herd immunity.

· Vaccination is not 100% effective, and with any vaccine a small population of recipients will respond poorly and therefore will not be adequately protected.

· This is not a serious problem if the majority of the population is immune to an infectious agent.

· In this case, the probability of a susceptible individual contacting an infected individual is so low that the susceptible individual is not likely to become infected.

· This phenomenon is called herd immunity.  (  Mooooo!

8.  Compare attenuated and inactivated vaccine in regard to production, booster requirement, relative stability, type of immunity induced and reversion tendency.  (Table 18-5)

Comparison of Attenuated (Live) and Inactivated (Killed) Vaccines

Characteristic
Attenuated Vaccine
Inactivated Vaccine

Production
Selection for avirulent organisms: virulent pathogen is grown under adverse culture condition or prolonged passage of a virulent human pathogen in different hosts
Virulent pathogen is inactivated by chemicals or irradiation with (-rays (Yeah baby!).  Go Nukes!

Booster requirement
Generally requires only a single booster
Requires multiple boosters

Relative stability
Less stable
More stable (advantageous for Third World countries where refrigeration is limited).

Type of immunity induced
Produces humoral and cell-mediated immunity
Produces mainly humoral immunity

Reversion tendency
May revert to virulent form
Cannot revert to virulent form

Chapter 21:  Immune Responses to Infectious Disease
This will be presented in the Medical Microbiology and Infectious Diseases Module. In Kuby’s 3rd edition, this is Chapter 19, which begins on page 459.

Chapter 22:  Immunodeficiency Diseases
This will be covered in the Pathology Module. In Kuby’s 3rd edition, this is Chapter 21.  It can be found beginning on page 507.

Chapter 23:  The Immune System in AIDS
This is a special topic that is not required for this module.  This chapter is actually Chapter 22 in Kuby’s 3rd edition text and begins on page 523.

Chapter 24:  Transplantation Immunology
Transplantation refers to the act of transferring cells, tissues or organs from one site to another.  When a transplant is made between individuals, except for identical twins, an immunological graft rejection process results.  To maintain a graft, it is necessary to apply immunosuppression on a continuous basis.

Objectives:

1.  Define the following terms:  autograft, isograft, allograft, xenograft, histocompatibility antigens.

The degree of immune response to a graft varies with the type of graft.  The following terms are used to denote different types of transplants:

· Autograft is a self-tissue transferred from one body site to another in the same individual.  These grafts are often performed on patients with burns, by transferring healthy skin to the burned area.

· Isograft is tissue transferred between genetically identical individuals.  In inbred strains of mice, an isograft can be performed from one mouse to other syngeneic mouse.  In human an isograft can be performed between genetically identical (monozygotic) twins.

· Allograft is tissue transferred between genetically different members of the same species.  In mice, an allograft is performed by transferring tissue or an organ from one inbred stain to another.  In humans, unless an identical twin is available, most organ grafts from one individual to another are allografts.

· Xenograft is tissue transferred between different species (e.g. the graft of a baboon heart into a hum).

· Histocompatibility antigens - These are the cell-surface molecules that are responsible for the immune response and the graft rejection.

2.  Describe the events associated with a first-set rejection and a second-set rejection (Figure 23-1)

· The immune response culminating in graft rejection always displays specificity and memory.  This is illustrated well in Figure 23-1 as the first set rejection and second set rejection.

· In the first set rejection, the vascularized transplant becomes infiltrated with lymphocytes, monocytes, and other inflammatory cells; there is decreased vascularization of the tissue by 6 - 9 days, visible necrosis by 10 days, and complete graft rejection by 14 days.

· In the second set rejection, another graft is attempted from the original graft source.  In this case, the whole process of rejection occurs within 5 - 6 days.  This is due to the memory response of the immune system.

· Note, that if a second graft is attempted from a different source, it will have the kinetics as the first set rejection.  This is the specificity response of the immune system.

3.  List the cells involved in allograft rejection.

· The cells implicated in allograft rejection are CD4+ and CD8+ T lymphocytes.

4.  Describe the MHC haplotype relatedness among siblings and between sibling and parents (Table 23-1).

· The locus responsible for the major immune rejection reactions are within the major histocompatibility complex (a.k.a. HLA complex). 

· Because the MHC loci are closely linked, they are usually inherited as a complete set, called a haplotype, from each parent.

· Now, this isn’t exactly Medelian genetics, but the chance that a sibling is histocompatible with the recipient will be 25% (50% from each parent).  

· But, with parent to child grafts, the donor and host will always have one haplotype in common, but will be mismatched for the other haplotype.

5. Describe the mechanisms involved during the sensitization stage and the effector stage of allograft rejection (Figures 23-4 and 23-5). 

· The process of graft rejection can be divided into two stages: 

1. sensitization phase in which antigen-reactive lymphocytes of the recipient proliferate in response to alloantigens on the graft

2. effector stage in which immune destruction of the graft takes place.

Sensitization Stage
· CD4+ and CD8+ cells recognize alloantigens expressed on cells of the foreign graft and proliferate in response.

· The response to major histocompatibility antigens involves recognition of both the allogeneic MHC molecule and the associated peptide it presents.

· The peptides present in the grove of allogeneic class I MHC molecules are derived from proteins synthesized within the allogeneic cell.

· The peptides present in the grove of allogeneic class II MHC molecules are generally proteins taken up and processed through the endocytic pathway of the allogeneic APCs.

· Activation of the host TH cells requires the interaction with an antigen presenting cell, expressing the appropriate antigenic ligand-MHC molecule complex and the co-stimulatory signal.

· Different populations of cells within a graft may function as APCs

· Because dendritic cells are found in most tissues, they generally serve as the major APCs in grafts.

· In some organ grafts (kidney, thymus, pancreatic islets), a population of donor APCs called passenger leukocytes (allogeneic) migrates from the graft to the regional lymph nodes.  Figure 23-4.

· In skin grafts, it is the Langerhans cells, not passenger leukocytes that act as the APCs.

· Recognition of the foreign alloantigens expressed on the cells of a graft induces vigorous T-cell proliferation in the host.

Effector Stage

· There are a bunch of things going on here, so you might want to take a look at Figure 23-5 to help sort them out.

· The most common reactions are cell mediated reactions involving delayed type hypersensitivity and CTL-mediated cytotoxicity; less common are antibody-plus complement lysis and destruction by antibody dependent cell mediated cytotoxicity (ADCC).

· There is a massive influx of T cells and macrophages into the graft.

· In the effector mechanisms, cytokines play a central role:

· IL-2 promotes T cell proliferation and generally is necessary for the generation of CTLs (Figure 16-1)

· IFN-(  is central to the development of the DTH response resulting in the influx of macrophages into the graft and their subsequent activation into more destructive cells.

· TNF-( has been shown to have direct cytotoxic activity on the cells of a graft.

· IFN-(, IFN-( and IFN-( all increase class I MHC expression

· IFN-( also increases class II MHC expression

· IL-2, IL-4, IL-5, IL-6 increase B cell proliferation and result in plasma cell secretion of antibodies.  Once antibodies are bound to the graft cells, NK cells can attack the graft (ADCC).

6.  Describe the sequence of events that occur in hyperacute rejection and compare it to acute and chronic rejection (Figure 23-6)

Hyperacute Rejection
· Hyperacute rejections are those in which the tissue is rejected so quickly (within 24 hours) that there is no time for the vascularization to take place.

· They are cause by pre-existing host serum antibodies specific for the antigens of the graft.  The Ag-Ab complexes that form activate the complement system, causing massive infiltration of neutrophils into the graft tissue (Figure 23-6).

· Several mechanisms can account for the presence of pre-existing antibodies:

1. Repeated blood transfusions

2. repeated pregnancies expose the woman to paternal alloantigens

3. Individuals who have had previous grafts

Acute Rejection
· This is what we talked about already.  It is illustrated in Figure 23-1b an the mechanism 23-5.

· Basically it is the standard fare graft rejection which develops within 10 days.

Chronic Rejection
· These types of rejection reactions develop months or years after acute rejection reactions have subsided.

· The mechanisms include both humoral and cell-mediated responses.

· These chronic rejections can’t be controlled with immunosuppressive drugs.

7.  Describe the microcytotoxicity HLA typing test and interpret the results as shown in Figure 23-7.

· HLA typing of potential donors and a recipient can be accomplished with a microcytotoxicity test (Figure 23-7).

· WBCs form the donors and recipient are distributed into a separate series of wells on a microtiter plate.

· Monoclonal antibodies specific for various class I and class II MHC alleles are added to different wells.

· After incubation, complement is added to the wells and cytotoxicity is assessed by the uptake or exclusion of various dyes by the cells.

· If the WBCs express the MHC allele for which a particular monoclonal antibody is specific, then the cells will be lysed on addition of complement, and these dead cells will take up the dye.

· If you look in Figure 23-7b, Donor 1 has 3 HLA antigens that are shared with the recipient and Donor 2 has none.

8.  Name 5 non-specific immunosuppressive therapies and state the major limitation of this approach to immunosuppression.

· Nonspecific immunosuppression places the recipient at increased risk for infection.  In addition, many immunosuppressive measures will affect rapidly dividing non-immune cells (gut epithelium or hemopoietic stem cells of the bone marrow).

1. Mitotic inhibitors - Azathioprine (Imuran), cylcophosphamide, and methotrexate.

2. Corticosteroids (to reduce the inflammatory response).

3. Cyclosporin A, FK506 and Rapamycin

9.  Describe the mechanism of action of Cyclosporin A as an immunosuppressive agent and compare it with FK506 and Rapamycin.

· Cyclosporin A, FK506 and Rapamycin are all fungal metabolites with potent nonspecific immunosuppressive properties.

· CsA and FK506 block activation of resting T cells by inhibiting the transcription of genes encoding IL-2 and the high affinity IL-2 receptor (IL-2R)

· As shown in Figure 12-13, CsA and FK506 exert this affect by binding to immunophilins, forming a complex that block the phosphatase activity of calcineurin.  

· This prevents the formation and nuclear translocation of the cytoplasmic subunit NF-Atc and its subsequent assembly into NF-AT (See also Figure 12-12).

· NF-AT is a DNA-binding protein necessary for transcription of the genes encoding IL-2 and IL-2R.

· Rapamycin also binds to immunophilin, but the rapamycin-immunophilin complex does not inhibit calcineurin.  It blocks the proliferation and differentiation of activated TH cells in the G1 phase of the cell cycle.

10.  Explain the concept and describe the mechanism of graft-versus-host reaction (or disease).

· In bone marrow transplants, the donor cells include lymphoid cells of the donor.

· Because the graft contains immunocompetent cells, the graft may reject the host, causing graft-versus-host disease (GVHD).

· GVDH involves an activation phase, in which donor TH cells recognize recipient peptide MHC complexes on APCs.  Antigen presentation plus co-stimulatory signal induces donor TH cell activation, production  of IL-2 and proliferation.

· The effector phase results from the cytokines produced by the activated TH cells.  These cytokines activate NK cells, CTLs and macrophages.  These cells can cause damage to the recipient.

11.  Explain the concept of immunosuppression using agents that block the co-stimulatory signal.

· This is a specific immunosuppressive therapy (experimental)

· Recall from Chapter 12, TH cell activation requires a co-stimulatory signal (B7) in addition to the TCR signal.

· blocking the co-stimulatory signal following transplantation causes the host’s T cells to become anergic, thus enabling the grafted tissue to survive.

Chapter 25:  Cancer and the Immune System
From an immunological perspective, cancer cells can be viewed as altered self-cells that have escaped normal growth-regulating mechanisms.  Observe the unique properties of cancer cells which are recognized by the immune system.  Note the immune responses that develop to cancer cells and the methods by which cancer cells manage to evade those responses.

NOTES:  The following notes are provided to aid you in identifying the important information in the early sections of this chapter, “Properties of Cancer Cells”.

1. Most cancers arise form a single neoplastic cell possessing a regulatory defect, which is inherited by the clonal progeny.

2. The most important characteristic of cancer cells in the body of a person is their uncontrolled, invading manner of growth.

3. The loss of their tissue-specific affinity enables cancer cells to grow beyond the normal boundaries of tissue and to metastasize and grow in diverse tissue specific sites.

4. Cancer cells have and increase in glycolytic activity (which allow growth with low oxygen supply) and produce enzymes that allow tissue invasion.

5. Cancer cells have a disorganized cytoskeleton, exhibiting aneuploidy and in culture they do NOT show density-dependent inhibition of growth.

Objectives:

1.  Define tumor or neoplasm and distinguish between benign and malignant.

· A tumor (neoplasm) is a collection of clones of a cell that is no longer responsive to normal-growth-control mechanisms.

· A tumor that is not capable of indefinite growth and does not invade the healthy surrounding tissue extensively is generally considered benign.

· A tumor that continues to grow and becomes progressively invasive is malignant.

2.  Define carcinoma, sarcoma, and metastasis.

· Malignant tumors exhibit metastasis:  in this process, small clusters of cancerous cells dislodge from a tumor, invade the blood or lymphatic vessels and are carried to other tissues, where they continue to proliferate.

· In this way, a primary tumor at one site can give rise to secondary tumor at another site (See Figure 24-1)

· carcinomas are tumors arising from endodermal or ectodermal tissues.

· sarcomas are tumors arising from mesodermal tissues

3.  Describe the characteristics of cells growing in culture that have gone through malignant transformation.

· Cells that have undergone a malignant transformation have properties that are very similar to cancer cells.

1. They have decreased requirements for growth factors and serum

2. They are no longer anchorage-dependent

3. They grow in  a density independent fashion.

4. They can be subcultured indefinitely (this confers immortality)

4.  The subdiscipline of tumor immunology involves the study of cell-membrane antigens on tumor cells and the immunological response to these antigens.  Name the two types of antigens identified on tumor cells and describe the differences between them.

· Two types of tumor antigens have been identified on tumor cells:  tumor-specific transplantation antigen (TSTAs) and tumor-associated transplantation antigens (TATAs)

· tumor specific transplantation antigens are unique to tumor cells and do not occur on normal cells in the body.  They may result from mutation in tumor cells that generate altered cellular proteins;  cytosolic processing gives rise to novel peptides associated with the class I MHC molecules.

· tumor associated  transplantation antigens are not unique to tumor cells, and they may be proteins that are expressed on normal cells during fetal development when the immune system is immature and unable to respond.  They normally are not expressed in the adult, but reactivation of the embryonic genes encoding these proteins in tumor cells results in their expression on the fully differentiated tumor cells.

· tumor associated  transplantation antigens may also be proteins that are normally expressed at extremely low levels on normal cells, but are expressed at much higher levels on tumor cells.

 5.  Explain the meaning of the terms tumor transplantation antigens.

· transplantation antigens are those that lead to rejection of a particular tissue

· tumor transplantation antigens are those that lead to “rejection” of the tumor as a non-self entity

6.  The majority of tumor antigens are not unique to the tumor and are also present on normal cells - these are called tumor-associated antigens. Give two examples of these antigens.

· These tumor-associated transplantation antigens may be proteins usually expressed only on fetal cells but not on normal adult cells, or they may be proteins expressed at low levels by normal cells, but at much higher levels by tumor cells.

· We will talk about the former in the next question, but there are a couple of examples of the latter (growth factor receptors) that are expressed more in tumor cells than normal cells.

· EGF receptor protein is found at 100 x normal in tumor cells.  (I think EGF is ectodermal growth factor).

· Another molecule is p97 (transports iron into cells), a transferrin growth factor.  This is also expressed 10 - 100 times more frequently in tumor cells vs. normal cells.

7.  Define oncofetal tumor antigens and give two examples.

· Oncofetal tumor antigens are antigens found not only on cancerous cells, but also on normal fetal cells.

· These antigens appear early in the embryonic development, before the immune system acquires immunocompetence; if these antigens appear later on cancers cells, they are recognized as nonself.

· Two well-studied oncofetal antigens are alpha-fetoprotein (AFP) and carcinoembryonic antigen (CEA).

8.  CTLs recognize tumor antigens associated with class I MHC molecules, thus giving direct membrane interaction with the tumor cell.  Name the two principal factors involved in the killing action of TC (CTL) on tumor cells.

· I think what Dr. Lang is referring to are the lymphokine (perforin) and granzymes.  We talk about this in a different chapter.

9.  NK cells do not express membrane-bound immunoglobulin, T cell receptor, CD3 molecules or show immunological memory.  Mechanism of tumor cells recognition is not known, but it is not MHC restricted.  Name two important factors that are thought to play a role in NK tumor cell killing.

1. NK cell activity is not compromised by the decreased MHC expression exhibited by some tumor cells.

2. Fc receptors on NK cells can bind to antibody-coated tumor cells leading to ADCC (Figure 16-12)

10.  Describe the factors and functions of macrophages that give antitumor activity.

· Macrophages are not MHC restricted and express Fc receptors (like NK cells), enabling them to bind to antibody on tumor cells and mediate ADCC.

· The antitumor activity of activated macrophages is also probably mediated by lytic enzymes and reactive oxygen and nitrogen intermediates.

· And, macrophages secrete a cytokine tumor necrosis factor (TNF-() that has potent antitumor activity.

11.  Describe the various ways that antibodies to tumors play a protective role in eliminating tumors.

1. ADCC

2. Complement mediated lysis

12.  “Immune Surveillance” does it exist?

· The immune surveillance theory suggests that that cancer cells frequently arise in the body, but are recognized as foreign and eliminated by the immune system.

· Thus, it is believed that the tumors only arise when the cancer cells are able to escape immune surveillance.

· There are a whole host of data which contradict this and some that support it.  The bottom line is that it remains unproved.
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