Microbiology 302 - Immunology

Lectures: Tuesdays and Thursdays at 9:30 - 11:00 in Wesbrook 100

Instructor: Dr. Hung-Sia Teh, Professor, Department of Microbiology and Immunology, Wesbrook 25, Tel: 822-3432; e-mail: teh@interchange.ubc.ca

Office hours: Thursdays and Fridays 12:00 -1:00 pm in Wesbrook 25 or by appointment

Textbook: ImmunoBiology by Janeway, Travers,  Walport, and Schlomchik, 5th edition. It is mandatory to have this textbook.

· We will cover selected material from Chapters 1 to 10 for this course. 

· The text and legends associated with the figures that are listed for each chapter is required reading. 

· Review questions are included for each chapter. 

· The mid-term and final exams are worth 35% and 65% of the course, respectively. 

· Questions for the past two mid-term and final exams are provided. 

Tutorials: There are four tutorial sections. Please attend the session that you are registered in. The objectives for the tutorial sessions are:

· Review of the more difficult concepts that are covered in class. 
· Answer problem sets for each of the chapters covered.
· Answer questions from past exams.
Website: www.webct.ubc.ca
The objectives of the website are:
· Provide a forum for students to exchange views and thoughts about the course.

· Provide up to date news and views regarding current developments in research in Immunology that are relevant to the course.

Schedule of Lectures

Dates
Topics
Sept 3
Chapter 1 -  Components of the immune system

Sept 5, 10
Chapter 2 - Innate Immunity 

Sept 12, 17
Chapter 3 -   Antigen recognition by B-cell and T-cell  


receptors





Sept 19, 24, 26
Chapter 4 - 
The generation of lymphocyte antigen 




receptors

Oct 1, 3, 8
Chapter 5 - 
Antigen presentation to T lymphocytes

Oct 10, 15
Chapter 6 - 
Signaling through immune system receptors

Oct 17
Mid-term exam (Chapters 1 to 5)


Oct 22, 24, 29
Chapter 7 - 
The development and survival of lymphocytes

Oct 31, Nov 5, 7
Chapter 8 - 
T cell mediated immunity

Nov 12, 14, 19
Chapter 9 - 
The humoral immune response

Nov 21, 26, 28
Chapter 10 – Adaptive immunity to infection

Dec
Final exam (Chapters 6 to 10)

Chapter 1: Components of the immune system

Key Concepts: In this chapter we will review where cells of the innate and adaptive immune systems come from and the major functions of these cells. We will also review how lymphoid tissues are distributed in the body and how lymphocytes gain access to various parts of the body. We will also discuss how bacterial infection triggers an inflammatory response and the role of dendritic cells in initiating an adaptive immune response.

Fig. 1.3: Cells of the immune system

This figure illustrates that all cells of the immune system are derived from a pluripotent hemopoietic stem cell. 

· Common lymphoid progenitor and common myeloid progenitor are derived from the stem cell.

· The lymphoid progenitor gives rise to B and T cells.

· The myeloid progenitor gives rise to granulocyte/macrophage progenitor and megakaryocyte/erythrocyte progenitors, which give rise to platelets and erythrocytes, respectively.

· The granulocyte/macrophage progenitor gives rise to granulocytes (neutrophils, eosinophils, basophils, monocytes and immature dendritic cells)

· Blood monocytes differentiate into macrophages in body tissues. 

· Neutrophils, eosinophils and basophils are also called granulocytes or polymorphonuclear leukocytes because they contain granules and possess irregularly shaped nuclei.

· Mature tissue dendritic cells are derived from immature tissue dendritic cells. 

Fig. 1.4: Myeloid cells in innate and adaptive immunity

Myeloid cells perform important functions in innate and adaptive immunity. Important concepts:

1. Macrophages are phagocytic cells that engulf pathogens. This serves two functions: destruction of the pathogens in intracellular vesicles and activation of T cells (adaptive immunity). 

2. Tissue dendritic cells are immature and highly phagocytic. After they have phagocytosed pathogens they differentiate into mature dendritic cells and migrate to the draining lymph nodes, where they activate antigen-specific T cells (adpative immunity).

3. Neutrophils destroy pathogens via phagocytosis and activation of bactericidal mechanisms.

4. Eosinophils destroys antibody-coated parasites

5. Mast cells are tissue cells that trigger a local inflammatory response to antigen by releasing substances such as histamine that act on local blood vessels.

6. Natural killer (NK) cells (Fig. 1.6) are large granular lymphocyte-like cells with important functions in innate immunity. They are important for killing certain virus-infected cells and tumor cells.

Fig. 1.7: The distribution of lymphoid tissues in the body.

· Stem cells differentiate into lymphocytes in central (or primary) lymphoid organs, B cells in bone marrow and T cells in the thymus.

· Lymphocytes migrate from the central lymphoid organs to the peripheral (or secondary) lymphoid organs via the bloodstream.

· Peripheral lymphoid organs include the lymph nodes, spleen, and gut-associated lymphoid tissues (GALT), which include the tonsils, adenoids, Peyer's patches, and appendix.

· The peripheral lymphoid organs are the sites of lymphocyte activation by antigen and lymphocytes recirculate between the blood and these organs until they encounter antigen.

· The blood circulatory system is connected to the tissue circulatory system via the lymphatic system. Fig. 1.11 illustrates how antigens from sites of infection reach lymph nodes via lymphatics and how lymphocytes and lymph return to blood via the thoracic duct.

Fig. 1.12: Bacterial infection triggers an inflammatory response.

· Most infectious agents induce inflammatory responses by activating innate immunity.

· Macrophages possess surface receptors that are able to recognize and bind common constituents of many bacterial surfaces.

· Bacterial molecules binding to these receptors trigger the macrophage to engulf the bacterium and also induce the secretion of cytokines and chemokines. 

· The cytokines and chemokines released by macrophages in response to bacterial constituents initiate the process known as inflammation (increase in permeability of blood vessels, redness, swelling and pain).

· Increase in permeability allows more fluid and proteins to pass into the tissues.

· Chemokines direct the migration of neutrophils to the site of infection.

· Cytokines have important effects on the adhesive properties of the endothelium, causing leukocytes to stick to the endothelial cells and migrate to the site of infection, to which they are attracted by chemokines.

· The inflammatory response increases the flow of lymph containing antigen and antigen-bearing cells into lymphoid tissues. 

Fig. 1.13: Dendritic cells initiate adaptive immune responses.

· Immature dendritic cells are resident cells in tissues.

· They take up pathogens and their antigens by macropinocytosis and receptor-mediated phagocytosis.

· DCs that have phagocytosed pathogens differentiate into mature, nonphagocytic DCs and migrate via the lymphatics to regional lymph nodes.

· Here the mature DC encounters antigen-specific naïve T lymphocytes.

· T lymphocytes enter lymph nodes from the blood via a specialized vessel known as a high endothelial venule (HEV).

Review questions for Chapter 1:

1. Which cell types comprise the innate and the adaptive immune system? Are there cell types that function in both types of immunity? Justify your answer.

2. How does bacterial infection trigger an inflammatory response? How does this inflammatory response contribute towards the adaptive immune response?

Chapter 2: Innate Immunity

Key Concepts: Innate immunity provides a front line of host defense through effector mechanisms that engage the pathogen directly; act immediately on contact with it, and are unaltered in their ability to resist a subsequent challenge with either the same or a different pathogen. Macrophages and other cells activated in the early innate response also help to initiate the development of an adaptive immune response.


The innate immune system uses a diversity of receptors to recognize and respond to pathogens. These receptors recognize pathogen-associated molecular patterns that are not found on host cells. The innate immune system receptors also have an important role in signaling for the induced responses responsible for local inflammation and the initiation of an adaptive immune response. Such signals are transmitted through a family of signaling receptors, known as Toll-like receptors, which have been highly conserved across species. Ligation of TLRs activates an evolutionarily ancient signaling pathway that leads to the activation of the transcription factor NFB, and the induction of a variety of genes that play essential roles in directing the course of the adaptive immune response.


Viral pathogens are recognized by the cells in which they replicate, leading to the production of interferons that serve to inhibit viral replication and to activate NK cells, which in turn can distinguish infected from noninfected cells.


Certain T and B lymphocytes exhibit only a very limited diversity of receptors that are encoded by a few common gene rearrangements. These lymphocytes, intraepithelial cells and B-1 cells, behave like intermediates between adaptive and innate immunity.

Characteristics of innate immunity:

· act immediately

· do not rely on the clonal expansion of antigen-specific lymphocytes

· depends upon germline-encoded receptors to recognize features that are common to many pathogens

· this ability to recognize broad classes of pathogens contributes to the induction of an appropriate adaptive immune response

7. Fig. 2.1 - The response to an initial infection occurs in three phases

· immediate phase (0-4 hours): innate immunity; recognition of pathogen by preformed, nonspecific effectors

· early phase (4-96 hours): early induced response; depends on recognition of pathogen by germline-encoded receptors of the innate immune system

· late phase (> 96 hours): adaptive immune response; depends on antigen-specific receptors that are produced as a result of gene rearrangements; requires expansion of antigen-specific T and B cells.

Fig. 2.2 - Pathogens infect the body through a variety of routes

Mucosal surfaces:

· Airway (e.g. influenza virus that causes influenza)

· Gastrointestinal tract (e.g. Salmonella typhi that causes typhoid fever)

· Reproductive tract (e.g. Treponema pallidum that causes syphilis)

External epithelia:

· External surface (e.g. Tinea pedis that causes athlete's foot)

· Wounds and abrasions (e.g Bacillus anthracis that causes anthrax)

· Insect bites (e.g. Flavivirus that causes yellow fever)

8. First line of defense

· Epithelial surfaces of the body serve as an effective barrier against most microorganisms.

· Microorganisms that succeed in crossing the epithelial surfaces are efficiently removed by innate immune mechanisms that function in the underlying tissues.

· Infectious disease occurs when a microorganism succeeds in evading or overwhelming innate host defenses to establish a local site of infection.

· The initial infection can be localized as in athlete's foot or causes significant pathology as it spreads through the lymphatics or the bloodstream, or as a result of secreting toxins.

Fig. 2.5: The macrophage expresses receptors for many bacterial constituents

· Receptors of the innate immune system recognize repeating patterns, for example, of carbohydrate and lipid moieties, that are characteristic of microbial surfaces but are not found on host cells. 

· Macrophage mannose receptor: binds certain sugar molecules found on surface of many bacteria and some viruses

· Scavenger receptor: binds certain anionic polymers and acetylated low-density glycoproteins

· Glucan receptor: binds bacterial carbohydrates 

· CD14: binds bacterial lipopolysaccharide (LPS)

· CD11b/CD18 (also called CR3 or Mac1): binds ICAM-1 (CD54) and iC3b

· Bacteria binding to macrophage receptors initiate the release of cytokines and small lipid mediators (prostaglandins, leukotrienes, and platelet activating factor) of inflammation.

· Bactericidal agents (hydrogen peroxide, superoxide anion, and nitric oxide) are produced by phagocytes which have ingested microorganisms (Fig. 2.6).

· Macrophages engulf and digest bacteria to which they bind (antigen processing).

9. Functions of receptors of the innate immune system

· Phagocytic receptors that stimulate ingestion of the pathogens they recognize

· Chemotactic receptors (e.g. one that binds N-formylated peptides produced by bacteria) that guides neutrophils to sites of infection

· Induce effector molecules that contribute to the induced responses of innate immunity and molecules that contribute towards the establishment of an adaptive immune response

Toll-like receptors of macrophages

· The toll receptor was originally discovered in the fruit fly Drosophila melanogaster.

· In the fruit fly the Toll receptor is required for embryonic development and defense against fungal infections.

· In mammals, a Toll-family protein, called Toll-like receptor 4 (TLR-4), signals the presence of LPS by associating with CD14, the macrophage receptor for LPS.

· Another mammalian TLR, called TLR-2, signals the presence of a different set of microbial constituents, which include the proteoglycans of gram-positive bacteria.

· There are a total of ten TLRs in the human genome.

· Bacterial LPS signals through TLR-4 to activate the transcription factor NFB      (Fig. 2.29).

Discovery of TLR-4

· Bacterial LPS is a cell-wall component of gram-negative bacteria.

· LPS is known for its ability to induce septic shock.

· LPS in body fluids is bound by LPS-binding protein (LBP).

· The LPS:LBP complex binds to CD14 on the surface of phagocytes.

· Mice were discovered that were genetically unresponsive to LPS and did not suffer from septic shock but had no defects in LBP and CD14.

· These mice were found to have an inactivating mutation in TLR-4

· The response to LPS could be restored by inserting a transgene encoding TLR-4 in these mutant mice.

· TLR-4 binds to the CD14:LBP:LPS complex through a leucine-rich region in CD14's extracellular domain.

· Although the mutant mice are resistant to LPS-induced septic shock, they are highly sensitive to LPS-bearing pathogens such as Salmonella typhimurium, a natural pathogen of mice.

Function of TLRs

· Activation of NFB by the Toll pathway leads to the production of several important mediators of innate immunity such as cytokines and chemokines.

· TNF- is a product of TLR-4 signaling. It induces the migration of tissue dendritic cells to the draining lymph node.

· Toll signaling also induces co-stimulatory molecules that are essential for the induction of adaptive immune responses. Macrophages and dendritic cells express B7.1 (CD80) and B7.2 (CD86) in response to LPS.

· Adjuvants, which contain microbial components, are used to enhance the immunogenicity of protein antigens. It is now clear that these pathogen components are recognized by pattern-recognition molecules (TLRs) to induce co-stimulatory molecules and cytokines.

Induced innate responses to infection

· Cytokines and chemokines are produced by cells of the innate immune system in response to pathogen recognition.

· Cytokines are small proteins (~25 kDa) that can act in an autocrine or in a paracrine manner.

· Chemokines are a class of cytokines that have chemoattractant properties.

· Cytokines secreted by macrophages in response to pathogens are structurally diverse and include IL-1, IL-6, IL-8, IL-12 and TNF- 

TNF-: induce a local inflammatory response that helps to contain infection

IL-8: attracts neutrophils, basophils and T cells to the site of infection

IL-1: activates vascular endothelium and lymphocytes

IL-6: activates lymphocytes and promotes antibody production

IL-12: activates NK cells and induce the differentiation of CD4 T cells into TH1 cells

10. Cell-adhesion molecules and the inflammatory response

· The recruitment of activated phagocytes to sites of infection is one of the most important functions of innate immunity.

· Recruitment occurs as part of the inflammatory response and is mediated by cell adhesion molecules that are induced on the surface of the local blood vessel endothelium.

· Three families of adhesion molecules (Fig. 2.34) are important for leukocyte recruitment:

Selectins: bind carbohydrates and initiate leukocyte-endothelial interaction 

Integrins: bind to cell adhesion molecules and extracellular matrix, promotes strong adhesion

ICAMs (intercellular adhesion molecules, members of Ig superfamily): serve as ligands for integrins

Fig. 2.35: Illustrates expression of ICAM-1 and ICAM-2 on activated vascular endothelium and the binding of these ICAMs by Mac-1 and LFA-1 integrins, respectively.

Extravasation of leukocytes to sites of inflammation (Fig. 2.36)

· Selectin-mediated adhesion to leukocyte sialyl-Lewisx is weak, and allows leukocytes to roll along the vascular endothelial surface.

· IL-8 is produced at inflammatory sites and binds to proteoglycans on the surface of endothelial cells. Binding of IL-8 to the IL-8 receptor on leukocytes induces a conformational change in LFA-1 and Mac-1, which greatly increases their adhesive properties.

· TNF- produced at inflammatory sites induces the expression of ICAM-1 on endothelial cells.

· Strong binding of ICAM-1 by LFA-1 and Mac-1 stops leukocytes from rolling. 

· The leukocyte extravasates, or crosses the endothelial wall with the help of an additional adhesion molecule called PECAM or CD31, which is expressed by both the leukocyte and at the intercellular junctions of endothelial cells.

· The leukocytes are then guided to the site of infection by the IL-8 gradient.

Other effector cells of the innate immune system

Natural killer (NK) cells: 

· NK cells develop in the bone marrow from the common lymphoid progenitor cell and circulate in the blood.

· They possess the ability to kill certain tumor cell lines in vitro without the need for prior immunization or activation

· NK cells can be further activated in response to interferons (IFN- and IFN-) or macrophage-derived cytokines such as IL-12.

· Virus infected cells produced IFN- and IFN- 

· Activated NK cells is an early component of the host response to virus infection.

11. Activated NK cells also produces IFN-, which is important for controlling infection by intracellular bacteria such as Listeria monocytogenes.

· NK cells have two types of surface receptor that control their cytolytic activity: activating and inhibiting (Fig. 2.42). The lectin-like activating receptor recognizes carbohydrate on self-cells. The inhibitory receptors are called Ly49 in the mouse and killer inhibitory receptors (KIR) in humans. Ly49 and KIR binds to MHC class I molecules and delivers negative signals that counter the action of the activating receptors.

· Another type of inhibitory receptor on NK cells is called the CD94:NKG2 receptor, a heterodimer of two C-type lectins. This receptor binds nonpolymorphic MHC-like molecules, HLA-E in humans and Qa-1 in mice. HLA-E and Qa-1 bind the leader peptides of other MHC class I molecules.

· Virus-infected cells try to evade the adaptive immune response by suppressing expression of MHC class I molecules. The inhibition of MHC class I expression would render virus infected cells more sensitive to NK cell lysis since these cells cannot deliver a negative signal through the inhibitory NK receptor.

 cells and B-1 cells:

· These cells differ from conventional T and B cells in that they exhibit only a very limited diversity of receptors, encoded by a few common gene rearrangements.

· These lymphocytes do not need to undergo clonal expansion before responding effectively to the antigens they recognize and therefore behave like intermediates between adaptive and innate immunity.

· Intraepithelial  cells display receptors of very limited diversity. Infected epithelial cells express new ligands such as heat-shock proteins, MHC class IB molecules and certain phospholipids that are recognized by these invariant  receptors. This led to the suggestion that these  cells have an important function in defending the body surfaces. 

· B-1 cells are found primarily in body cavities such as the peritoneal cavity. B-1 cells express CD5 and use a distinctive and limited set of gene rearrangements to make their receptors.

· B-1 cells respond mainly to polysaccharide antigens and can produce IgM antibodies without needing T cell help. These IgM antibodies provide a first line of defense against encapsulated bacteria.

· Intraepithelial  cells and B-1 cells behave like intermediates between adaptive and innate immunity.

· Review questions for Chapter 2:

1. How does the receptors of the innate immune system differ from that of the adpative immune system?

2. What is the mechanism by which lipopolysaccharide (LPS) activates macrophages? What is the phenotype of mice that lack a functional TLR-4 gene? 

3. How does TLR-4 help to initiate an adaptive immune response?

4. What is the mechanism by which neutrophils leave the blood and migrate to sites of infection?

5.  How are NK cells activated? How do they distinguish between host cells that are either uninfected or infected with a virus?

6. Why are intraepithelial  cells considered intermediate cells between adaptive and innate immunity? How would you perform an experiment to determine whether these cells are essential for survival?
Chapter 3: Antigen Recognition by B-cell and T-Cell Receptors

Key Concepts:

Antigen-antibody interactions:

· The constant and variable regions of Ig molecules fold into fairly conserved structures that are referred to as an Ig domain or Ig fold.  

· The hypervariable loops (complementarity-determining regions) of Ig V regions determine the specificity of antibodies.

· The antibody molecule contacts the antigen over a broad area of its surface that is complementary to the surface recognized on the antigen.

· Electrostatic interactions, hydrogen bonds, van der Waals forces, and hydrophobic interactions can all contribute to antigen binding.

· Amino acid side chains in most or all of the hypervariable loops make contact with antigen and determine both the specificity and the affinity of the interaction.

· Other parts of the V region play little part in the direct contact with the antigen but provide a stable structural framework for the hypervariable loops and help determine their position and conformation.

· Antibodies raised against intact proteins usually bind to the surface of the protein; occasionally, they may bind peptide fragments of the protein.

· Antibodies raised against peptides derived from a protein are usually specific for the pepptide; occasionally, they may also bind the native protein molecule. 

Antigen recognition by T cells:
· The  T cell receptor resembles in many respects a single Fab fragment of Ig.

· T cell receptors are always membrane bound.

·  TCRs do not recognize antigen in its native state but recognize a composite ligand of a peptide antigen bound to a MHC molecule.

· MHC molecules are highly polymorphic glycoproteins encoded by genes in the major histocompatibility complex.

· Each MHC molecule binds a wide variety of different peptides, but the different variants each preferentially recognize sets of peptides with particular sequence and physical features.

· The peptide antigen is generated intracellularly, and bound stably in a peptide-binding cleft on the surface of the MHC molecule.

· There are two classes of MHC molecules and these are bound in their nonpolymorphic domains by CD8 and CD4 molecules that distinguish two different functional classes of  T cells.

· CD8 binds MHC class I molecules and can bind simultaneously to the same class I MHC:peptide complex being recognized by a T cell receptor, thus acting as a co-receptor and enhancing the T cell response.

· CD4 binds MHC class II molecules and acts as a co-receptor for T cell receptors that recognize class II MHC:peptide ligands.

· T cell receptors interact directly with both the antigenic peptide and polymorphic features of the MHC molecule that displays it, and this dual specificity underlies the MHC restriction of T cell responses.

· A second type of T cell receptor, composed of a  and a  chain, is structurally similar to the  T cell receptor. However, it appears to bind different ligands, including nonpeptide ligands, in a non-MHC-restricted fashion. The function of  T cells is poorly understood and is an on-going area of research.

I
The structure of a typical Ab molecule

Fig. 3.2  Ig molecules are composed of two types of protein chain: heavy chains and light chains. 


Fig. 3.1  Structure of an antibody molecule. 


Fig. 3.3  The Y-shaped Ig molecule can be dissected by partial digestion with proteases.


Fig. 3.5  The structure of Ig constant and variable domains. 

II
The interaction of the Ab molecule with specific antigen


Fig. 3.6  The variable domains contain discrete regions of hypervariability. 


Fig. 3.7  The hypervariable regions lie in discrete loops of the folded structure. 


Fig. 3.8  The hypervariable regions of heavy and light chains form the antigen-binding site. 


Fig. 3.9  The noncovalent forces that  hold together the antigen-antibody complex.

III
Antigen recognition by T cells


Fig. 3.11  The T-cell receptor resembles a membrane-bound Fab fragment.


Fig. 3.12  Structure of the T cell receptor


Fig. 3.13  The crystal structure of an  T cell receptor


Fig. 3.15  The outline structures of the CD4 and CD8 co-receptor molecules

Fig. 3.16  The binding sites for CD4 and CD8 on MHC class II and class I molecules lie in the Ig-like domains.

Fig. 3.18  CD8 binds to a site on MHC class I distant from that to which T cell receptor binds.

Fig. 3.19  The expression of MHC molecules differs between tissues.

Fig. 3.20  The structure of an MHC class I molecule determined by X-ray crystallography.

Fig. 3.21  MHC class II molecules resemble MHC class I molecules in overall structure.

Fig. 3.22 MHC molecules bind peptides tightly within the cleft.

Fig. 3.23  Peptides are bound to MHC class I molecules by their ends.

Fig. 3.24  Peptides bind to MHC molecules through structurally related anchor residues.

Fig. 3.25  Peptides bind to MHC class II molecules by interactions along the length of the binding groove.

Fig. 3.26  Peptides that bind MHC class II molecules are variable in length and their anchor residues lie at various distances from the ends of the peptide.

Fig. 3.27  The T cell receptor binds to the MHC:peptide complex.

Fig. 3.28  the T cell receptor interacts with MHC class I and MHC class II molecules in a similar fashion.

· Review questions for Chapter 3:
1. What is the size of an Ig domain? Which structural features are essential for the folding of a polypeptide chain into an Ig- or Ig-like domain? What types of molecules will contain an Ig- or an Ig-like domain? Give as many examples as you can. 

2. What is meant by the framework, hypervariable, and complementarity determining regions of Ig V domains? How many of them are there in the Ig V region? How do these various regions contribute to antigen binding?

3. Can antibodies raised against synthetic peptides corresponding to part of a protein sequence bind to the natural folded protein? Why or why not?

4. How does antigen recognition by T cell receptors differ from recognition by B cell receptors and antibodies?

5. Why are CD4 and CD8 molecules referred to as co-receptors for T cells?

6. How does the peptide binding cleft differ for MHC class I and class II molecules? What are the consequences of these differences on peptide binding?

7. When you elute peptides from a large number of a highly purified MHC class I molecule and sequence the most abundant peptides that are eluted from this molecule what type of information do you expect to generate?

Chapter 4  The Generation of Lymphocyte Antigen Receptors

Key concepts:

The generation of diversity in immunoglobulins:

· Several mechanisms contribute to the generation of a diverse Ig repertoire.

· V regions of Ig molecules are encoded by separate gene segments, which are brought together by somatic recombination to make a complete V-region gene.

· Many different V-region gene segments are present in the genome of an individual.

· Additional diversity, termed combinatorial diversity, results from the random recombination of separate V, D, and J segments to form a complete V-region exon for heavy chains; light chain V-region exons are comprised of V and J segments only. 

· The lymphoid-specific proteins, RAG-1 and RAG-2, direct the VDJ recombination process. These genes function in concert with other ubiquitous DNA-modifying enzymes and at least one other lymphoid-specific enzyme, TdT, to complete the joining process.

· Variability at the joints between segments is increased by the insertion of random numbers of P- and N-nucleotides and by variable deletion of nucleotides at the ends of some coding sequences. 

· The CDR3 loops of the Ig molecule corresponds to the VDJ junction and lies at the center of the antigen-binding site.

· The association of different light- and heavy-chain V regions to form the antigen-binding site of an Ig molecule contributes further diversity.

· After an Ig has been expressed, the coding sequences for its V regions are modified by somatic hypermutation upon stimulation of the B cell by antigen.

· The combination of all these sources of diversity generates a vast repertoire of antibody specificities from a relatively limited number of genes.

T cell receptor gene rerrangements:

· T cell receptors are structurally similar to immunoglobulins and are encoded by homologous genes. 

· Unlike B cell receptors, which can be in membrane-bound or secreted forms, T cell receptors exist only as the membrane-bound form.

· T cell receptor genes are assembled by somatic recombination from sets of gene segments in the same way as are the Ig genes. The same enzymes are utilized by B and T cells for this recombination process.

· Diversity is distributed differently in immunoglobulins and T cell receptors; the TCR loci have roughly the same number of V gene segments but more J gene segments, and there is greater diversification of the junctions between gene segments during gene rearrangement.

· Functional TCRs are not known to diversify their V genes after rearrangement through somatic hypermutation.

· The highest diversity of the TCR is in the central part (CDR3 loop) of the receptor, which contacts the bound peptide fragment of the MHC:peptide ligand.

Structural variation in Ig constant regions

· Their heavy-chain C regions define the isotypes of Igs; each isotype being encoded by a separate C-region gene.

· The heavy-chain C-region genes lie in a cluster 3’ to the V-region gene segments.

· A productively rearranged V-region exon is initially expressed in association with  and  CH regions, but the same V-region exon can subsequently be associated with any one of the other isotypes by the process of isotype switching, in which the DNA is rearranged to place the V regions 5’ to a different C-region gene.

· Unlike VDJ recombination, isotype switching is always productive and occurs only in B cells activated by antigen.

· The immunological functions of the various isotypes differ.

· Isotype switching varies the response to the same antigen at different times or under different conditions.

· Ig RNA can be processed in two different ways to produce either membrane-bound Ig, which acts as the B cell receptor for antigen, or secreted antibody. In this way, the B cell antigen receptor has the same specificity as the antibody that the B cell secretes upon activation.

I
The generation of diversity in immunoglobulins


Fig. 4.1  Ig genes are rearranged in B cells. 


Fig. 4.2  Variable region genes are constructed from gene segments. 


There are multiple copies of variable region gene segments.

Fig. 4.3  The numbers of functional gene segments for the V regions of heavy and light chain in human DNA.

Fig. 4.4  The genomic organization of the Ig heavy- and light-chain loci in the human genome.


Fig. 4.5  Conserved heptamer and nonamer sequences flank the gene segments


encoding the V regions of heavy (H) and light ( and )chains.


Fig. 4.6  V region gene segments are joined by recombination.


Fig. 4.7  Enymatic steps in the rearrangement of Ig gene segments.

Fig. 4.8  The introduction of P- and N-nucleotides at the joints between gene segments during Ig gene rearrangement.

Fig. 4.9  Somatic hypermutation introduces variation into the rearranged Ig variable region that is subject to negative and positive selection to yield improved antigen binding.

Fig. 4.10  The diversification of chicken immunoglobulins occurs through gene conversion.

II
T cell receptor gene rearrangement


Fig. 4.11 The germline organization of the human T cell receptor  and  loci.


Fig. 4.12  T cell receptor - and -chain gene rearrangement and expression.


Fig. 4.13  The numbers of human T cell receptor gene segments and the sources of T cell receptor diversity compared with those of immunoglobulins.


Fig. 4.14  The most variable parts of the T cell receptor interact with the peptide bound to an MHC molecule.


Fig. 4.15  The organization of the T cell receptor - and - chain loci in humans.

III
Structural variation in immunoglobulin constant regions


Fig. 4.17  The structural organization of the main human Ig isotype monomers.


Fig. 4.16  The properties of the human Ig isotypes. 


Fig. 4.18  The organization of the Ig heavy-chain C-region genes.


Fig. 4.19  Co-expression of IgD and IgM is regulated by RNA processing.

Fig. 4.20  Isotype switching involves recombination between specific switch signals.

Fig. 4.21  Transmembrane and secreted forms of immunoglobulins are derived from the same heavy-chain sequence by alternative RNA processing.

Fig. 4.22  Protein A of Staphylococcus aureus bound to a fragment of the Fc region of IgG.

Fig. 4.23  The IgM and IgA molecules can form multimers.

Fig. 4.24  Different types of variation between immunoglobulins.

Review questions for Chapter 4:

1.
How do you show experimentally that Ig gene rearrangements have taken place in B cells but not in other cell types?

2.
What are the major mechanisms for the generation of antibody diversity? Which processes are independent of antigen and which are antigen-dependent?

3.
What is the recombination signal sequence (RSS)? What is the function of RSS? Which enzymes initiate the recombination process? What is the consequence on B and T cell development in mice that lack this enzyme?

4.
How is antibody diversity generated in the CDR3 region? Which enzymes are involved and how do they work? 

5.
What are the consequences on B cell development and B cell antibody repertoire development in mice that lack TdT (terminal deoxynucleotidyl transferase)?

6.
How is diversity generated in the CDR1 and CDR2 regions? 

7.
What are the differences between Ig gene rearrangement and Ig class switching?

8.
Can a B cell express membrane IgM and IgG receptors at the same time? How is this accomplished?

Chapter 5  Antigen Presentation to T lymphocytes

Key Concepts:

The generation of T cell receptor ligands

· T cell receptors () recognize peptides derived from the foreign antigen and bound to an MHC molecule.

· MHC molecules are cell-surface glycoproteins with a peptide-binding groove that can bind a wide variety of different peptides.

· The MHC molecule binds the peptide in an intracellular location and delivers it to the cell surface.

· There are two classes of MHC molecules, MHC class I and MHC class II, which binds peptides from proteins degraded in different intracellular sites.

· MHC class I molecules bind peptides from proteins degraded in the cytosol; proteins in the cytosol are degraded by the multicatalytic protease, the proteasome.

· Peptides produced by the proteasome are transported into the endoplasmic reticulum by a heterodimeric ATP-binding protein called TAP.

· Peptide binding is an integral part of the MHC class I assembly, and must occur before the MHC class I molecule can complete its folding and leave the endoplasmic reticulum for the cell surface.

· MHC class I molecules on the surface of cells infected with viruses or other cytosolic pathogens display peptides from these pathogens.

· MHC class II molecules are prevented from binding to peptides in the ER by their early association with the invariant chain (Ii), which fills and blocks their peptide-binding groove.

· MHC class II/Ii complexes are transported to an acidic endosomal compartment where, in the presence of active proteases, in particular cathepsin S, and with the help of a specialized MHC class II-like molecule (HLA-DM or H-2M), the invariant chain peptide (CLIP) is released and other peptides are bound.

· MHC class II molecules capture peptides from pathogens that enter the vesicular system of macrophages, or from antigens internalized by immature dendritic cells or the Ig receptors of B cells.

· Different types of T cells are activated on recognizing foreign peptides presented by different classes of MHC molecules.

· The CD8 T cells that recognize MHC class I:peptide complexes differentiate into killer T cells. These killer T cells are able to rid the body of cells infected with viruses and other cytosolic pathogens. 

· The CD4 T cells that recognize MHC class II:peptide complexes are specialize to activate other effector cells of the immune system. Macrophages are activated by CD4 T cells to kill the intravesicular pathogens they harbor. CD4 T cells also help B cells to differentiate into plasma cells that produce antibodies against foreign molecules.

The major histocompatibility complex and its functions

· The outstanding feature of the MHC molecules is their extensive polymorphism.

· MHC class I and class II molecules are expressed in a codominant fashion and each individual expresses a number of different MHC class I and class II molecules.

· A T cell recognizes antigen as a peptide bound by a particular allelic variant of an MHC molecule, and will not recognize the same peptide bound to other MHC molecules. This behavior of T cells is called MHC restriction.

· Most MHC alleles differ from one another by multiple amino acid substitutions, and these differences are focused on the peptide-binding site and adjacent regions that make direct contact with the TCR.

· The highly polymorphic nature of MHC molecules has functional consequences, and the evolutionary selection of this polymorphism suggests that it is critical to the role of the MHC molecules in the immune response. 

· Powerful genetic mechanisms generate the variation that is seen among the MHC alleles, and a compeling argument can be made that selective pressure to maintain a wide variety of MHC molecules in the population comes from infectious agents.

· The genes encoding the TCRs appear to have evolved to recognize MHC molecules, thus accounting for the high frequency of T cells that respond to allogeneic MHC molecules, such as those on an organ transplant from an unrelated donor.

I
The generation of T cell receptor ligands

Fig. 5.1  There are two major intracellular compartments, separated by membranes. 

Fig. 5.2  Pathogens and their produces can be found in either the cytosolic or the vesicular compartment of cells.

Fig. 5.3  TAP-1 and TAP2 form a peptide transporter in the endoplasmic reticulum membrane. 


Fig. 5.4  The structure of the proteasome.


Fig. 5.5  MHC class I molecules do not leave the endoplasmic reticulum unless they bind peptides. 


Fig. 5.6 Peptides that bind to MHC class II molecules are generated in acidified endocytic vesicles. 


Fig. 5.7 The invariant chain is cleaved to leave a peptide fragment, CLIP, bound to the MHC class II molecule.


Fig. 5.8  MHC class II molecules are loaded with peptide in a specialized intracellular compartment.


Fig. 5.9  HLA-DM facilitates the loading of antigenic peptides onto class II molecules. 

II
The major histocompatibility complex and its functions. 


Fig. 5.10  The genetic organization of the major histocompatibility complex (MHC) in human and mouse. 


Fig. 5.11  Detailed map of the human MHC.


Fig. 5.12  Human MHC genes are highly polymorphic.


Fig. 5.13  Expression of MHC alleles is codominant.


Fig. 5.14  Polymorphism and polygeny both contribute to the diversity of MHC molecules expressed by an individual.


Fig. 5.15  Allelic variation occurs at specific sites within MHC molecules.


Fig. 5.16  T cell recognition of antigen is MHC-restricted.


Fig. 5.17  Two modes of cross-reactive recognition that may explain alloreactivity. 


Fig. 5.18  Superantigens bind directly to Tcell receptors and to MHC molecules. 


Fig. 5.19  Gene conversion can create new alleles by copying sequences from one MHC gene to another.


Fig. 5.20  Genetic recombination can create new MHC alleles by DNA exchange between different alleles of the same gene. 

Review questions for Chapter 5:

3. What mechanisms are used to protect MHC class I molecules from binding peptides other than those that are transported into the ER by the TAP transporter?

2.  
What is the consequence on the expression of MHC class I and class II molecules in mice that lack TAP-1?

3.
What mechanisms are used to protect MHC class II molecules from binding peptides other than those that are produced in MHC class II compartments? 

4.
What is meant by the CLIP peptide? What is its function?

5.
What is the consequence on the expression of MHC class I and class II molecules in mice that lack the invariant chain?

6.
What is the consequence on the expression of MHC class II molecules and the type of peptides that can be presented by the MHC class II molecules in mice that lack H-2M?

7.
The MHC is polygenic and polymorphic. What does this statement mean?

8.
What are the mechanisms for the generation of MHC polymorphism?

9.
T cell recognition of antigen is MHC-restricted. What does this statement mean? How do you reconcile this statement with the fact that between 1 - 10% of our T cells can recognize foreign MHC molecules? What are the consequences of this allo-recognition?

10.
What does a superantigen mean? How does a superantigen activate a large number of T cells? How does the production of superantigens benefit the pathogens that produce them?

Chapter 6  Signaling Through Immune System Receptors

Key Concepts: 

General principles of transmembrane signaling:

· Lymphocyte antigen receptors signal for cell activation using signal transduction mechanisms common to many intracellular signaling pathways.

· On ligand binding, antigen receptor clustering leads to the activation of receptor-associated protein tyrosine kinases at the cytoplasmic face of the plasma membrane.

· Phosphorylation of tyrosine residues in clustered receptor tails initiates intracellular signaling.

· The phosphorylated tyrosines act as binding sites for additional kinases and other signaling molecules that amplify the signal and transmit it onward.

· The enzyme phospholipase C- is recruited in this way and initiates two major pathways of intracellular signaling that are common to many other receptors.

· Cleavage of membrane phospholilip PIP2 by this enzyme produces the diffusible messenger inisitol triphosphate (IP3) and membrane-bound diacylglycerol (DAG). IP3 action leads to a sharp increase in the level of intracellular free Ca2+, which activates various calcium-dependent enzymes.

· Together with Ca2+, DAG initiates a second signaling pathway by activating members of the protein kinase C family.

· A third pathway involves small G proteins, proteins with GTPase activity that are activated by binding GTP, but then hydrolyze the GTP to GDP and become inactive. 

· Small G proteins are recruited to the signaling pathway and activated by guanine-nucleotide exchange factors (GEFs), which catalyze the exchange of GDP for GTP.

· GEFs and other signaling molecules are linked to the activated receptors by adaptor proteins that bind to phosphorylated tyrosines through one protein domain, the SH2 domain, and to other signaling molecules through other domains including SH3.

· All these signaling pathways eventually converge on the nucleus to alter patterns of gene transcription.

Antigen receptor structure and signaling pathways:

· Lymphocyte antigen receptors are multiprotein complexes made up of variable antigen-binding chains and invariant chains that transmit the signal of receptors that have bound antigen.

· The cytoplasmic tails of the invariant chains contain amino acid motifs called ITAMs, each possessing two tyrosine residues, that are targeted by receptor-associated protein tyrosine kinases of the Src family upon receptor aggregation.

· The B cell receptor complex is associated with two such ITAMs, whereas the T cell receptor complex is associated with 10, the larger number allowing the TCR a greater flexibility in signaling.

· Once the ITAMs have been phsophorylated by an Src-family kinase, the Syk-family kinases, Syk in B cells and ZAP-70 in T cells, bind and become activated.

· Linker and adaptor proteins are subsequently phosphorylated and serve to recruit enzymes that are activated by relocalization to the plasma membrane, by phosphorylation, or by both.

· Rreceptor phosphorylation initiates several signaling pathways, including those propagated through phospholipase C- and the small G proteins.

· These pathways converge on the nucleus and result in new patterns of gene expression. 

· The small G proteins activate a cascade of serine/threonine protein kinases known as MAP kinase cascade, which leads to the phosphorylation and activation of transcription factors.

· Signaling through the B cell co-receptor on B cells or the CD4 and CD8 co-receptors on T cells can enhance signaling through the antigen receptors.

· Signaling through the co-stimulatory receptor CD28 on T cells also contributes to activating naive T cells.

· Activating signals can be modulated or inhibited by signals from inhibitory receptors that are associated with chains containing a different motif, ITIM, in their cytoplasmic tails. This provides a mechanism for tuning the on/off threshold according to external stimuli or the state of development of the cell, allowing the modulation of the adaptive immune response.

· Signaling through T cell receptor also occurs in response to altered peptide or antagonist ligands, leading to a state of partial activation that can affect cell survival and the response to agonist ligands.

Signaling via Toll-like receptors:

· Pathogens are detected by the germline-encoded receptors of the innate immune system.

· One family of receptors that signals the presence of infection by microbes is known as the Toll family of receptors.

· In mammals, the Toll pathway leads to the activation of a transcription factor known as NFB. 

· Microbial substances such as lipopolysaccharide (LPS) and many other microbial products can activate NFB in lymphocytes and other cells through this pathway.

I
General principles of transmembrane signaling


Fig. 6.1  Cross-linking of antigen receptors is the first step in lymphocyte activation.



Fig. 6.5  Signals are propagated from the receptor through adaptor proteins, which recruit other signaling proteins to the receptor.


Fig. 6.4  The enzyme phospholipase C-cleaves inositol phospholipids to generate two important signaling molecules.


Fig. 6.2  Ligand binding to the growth factor receptor Kit induces receptor dimerization and transphosphorylation of its cytoplasmic tyrosine kinase domains.


Fig. 6.6  Small G proteins are switched from inactive to active states by guanine-nucleotide exchange factors.

II
B cell receptor signaling:


Fig. 6.7  The B cell receptor complex is made up of cell surface Ig with one each of the invariant proteins Igand Ig. 


Igand Ig contains a signaling motif referred to as an ITAM (immunoreceptor tyrosine-based activation motif). The sequence of the ITAM is 


...YXX[L/V]X7-11YXX[L/V]... where Y is a tyrosine and X is any amino acid.


Fig. 6.9  Src-family kinases are associated with antigen receptors and phosphorylate the tyrosines in ITAMs.


Fig. 6.13  Full phosphorylation of the ITAMs on clustered Ig or  chains associated with the B cell receptor creates binding sites for Syk and Syk activation via transphosphorylation.


Fig. 6.14  Simplified outline of the intracellular signaling pathways initiated by cross-linking of B cell receptors by antigen.

III
T cell receptor signaling:

Fig. 6.8  The T-cell receptor complex is made up of antigen-recognition proteins and invariant signaling proteins. 


 TCR: recognition and binding of specific antigen


signal transduction mediated by CD3 and  homodimer 


Note that there are a total of ten ITAMs in the TCR signaling complex (6 for the  homodimer and two each for the  and  heterodimer)


Fig. 6.11  Clustering of the T cell receptor and co-receptor initiates signaling within the T cell.


Fig. 6.15  Simplified outline of the intracellular signaling pathways initiated by the T cell receptor complex and its co-receptor.

IV
Signaling through co-receptors:


Fig. 6.12  B cell antigen receptor signaling is modulated by a co-receptor complex of at least three cell surface molecules, CD19, CD21, and CD81.


The equivalent of the B cell coreceptor in T cells is the CD28 co-stimulatory receptor. 


Fig. 6.16 MAP kinase cascades activate transcription factors.


Fig. 6.17  Initiation of MAP kinase cascades by guanine-nucleotide exchange factors is involved in both antigen receptor and co-stimulatory signaling.

V
Regulation of receptor signaling:


Fig. 6.10  Regulation of Src-family kinase activity.


Fig. 6.19  Some lymphocyte cell-surface receptors contain motifs involved in downregulating activation.

VI
Signaling through Toll-like receptors:


Fig. 6.20 The transcription factor NFB is activated by signals from receptors of the Toll-like receptor (TLR) family.

Review questions for Chapter 6:

1. 
What constitutes the signaling complex for the TCR and the BCR? Describe the similarities and the differences between these two complexes.

2.
What are the linkers and adaptors that are used to link BCR and TCR signaling to downstream pathways? 

3.
Which Src-family protein tyrosine kinases (PTK) are important in T and B cell activation? How do they work? How are they regulated?

4.
What is ZAP-70? How does it participate in T cell activation? Which kinase is the equivalent of ZAP-70 in B cells? 

5. 
What are the adaptor molecules that linked signals from the TCR and the BCR to downstream signaling pathways called? How do adaptor molecules carry out their function?

6.
What is the role of CD4 and CD8 molecules in T cell activation?

7.
Which MAP kinase pathway do the CD28/B7 costimulatory pathway and the B cell co-receptor pathway activate? How does this MAP kinase pathway differ from the MAP kinase pathway that is activated via the TCR signaling pathway?

8. 
What is the definition of an ITAM and and an ITIM? Where are these motifs found?

9.
What is the relationship between CD28 and CTLA-4? In what way does the CTLA-4/B7 signaling pathway differs from the CD28/B7 pathway? 

10.
What is meant by antibody feedback inhibition of B cell activation? How does it work?

Chapter 7:  The Development and Survival of Lymphocytes

Key Concepts:

Generation of lymphocytes in bone marrow and thymus

· B cells are generated and develop in the specialized microenvironment of the bone marrow, while the thymus provides a specialized and architecturally organized microenvironment for the development of T cells.

· As B cells differentiate from primitive stem cells, they proceed through stages that are marked by the sequential rearrangement of Ig gene segments to generate a diverse repertoire of antigen receptors.

· This developmental program also involves changes in the expression of other cellular proteins.

· Precursors of T cells migrate from the bone marrow and mature in the thymus. This process is similar to that for B cells, including the sequential rearrangement of antigen receptor gene segments.

· Developing T cells pass through a series of stages that can be distinguished by the differential expression of CD44 and CD25, the CD3:TCR complex proteins, and the co-receptor proteins CD4 and CD8.

· The development of both T and B cells is guided by the environment, particularly by stromal cells that provide contact-dependent signals and growth factors for developing lymphocytes.

· In the case of T cells, development is compartmentalized, with different types of stromal cells in the cortex of the thymus.

· The thymic medulla contains mainly mature T cells.

· Extensive cell death, reflecting intense selection and the elimination of those cells with inappropriate receptor specificities accompany lymphocyte development.

· B cells are produced throughout life, whereas T cell production from the thymus slow down after puberty.

The rearrangement of antigen-receptor gene segments controls lymphocyte development:

· Lymphocyte differentiation from primitive stem cells is accompanied by sequential rearrangement of the antigen-receptor gene segments.

· As each complete receptor-chain gene is generated, the protein it encodes is expressed as part of a receptor, and this signals the developing cell to progress t the next developmental step.

· For B cells, the heavy-chain locus is rearranged first. If rearrangement is successful and a pre-BCR is made, heavy-chain gene rearrangement ceases and the resulting pre-B cells proliferate, followed by the start of rearrangement at a light-chain locus.

· If the initial light chain gene rearrangement is productive, a complete Ig BCR is formed, gene rearrangement ceases, and B cell development proceeds. If it is not, light-chain gene rearrangement continues until either a new productive rearrangement is made or all available J regions have been used up. 

· If a productive rearrangement is not made the developing B cell dies.

· In developing T cells, receptor loci rearrange according to a defined program similar to that in B cells. 

· Unlike B cells, T cells can follow one of two distinct lines of development. There are four TCR gene loci –  and . Rearrangement at these loci leads to cells bearing either  TCRs or  TCRs.

· Early in ontogeny,  T cells predominate, but from birth onward more than 90% of thymocytes express  TCRs.

· In developing thymocytes, the and  loci rearrange first, and start rearranging virtually simultaneously. Productive rearrangements of both a  and a  gene leads to the development of a  T cell.
· Most thymocytes enter the  lineage. In these cells the generation of a -chain gene before both  and  have rearranged leads to the expression of a functional -chain gene and a pre-TCR.
· The pre-TCR, like the pre-BCR, signals the developing cell to proliferate, to arrest -chain gene rearrangement, to express CD4 and CD8, and eventually to rearrange the -chain gene. 
· Rerrangement of the -chain genes continues in these CD4+CD8+ (double-positive) thymocytes until positive selection allows the maturation of a single-positive  cell.
· Almost all double-positive thymocytes will make productive a-gene rearrangements but the vast majority of thymocytes die at the double-positive stage because they are not positively selected.
Interaction with self antigens selects some lymphocytes for survival but eliminates others:

· Initially, random receptor rearrangements and junctional diversity create a broad repertoire of antigen receptors.

· Only some of these will not be dangerously self-reactive and yet be useful to the immune system.

· Cells meeting these criteria are selected, a process that begins as soon as immature lymphocytes express antigen receptors.

· Lymphocyte development involves both negative and positive selection.

· Negative selection includes deletion from the repertoire, receptor editing, and anergy, which most often are imposed on immature self-reactive lymphocytes in the thymus or bone marrow.

· Even mature lymphocytes can be subject to negative selection when presented with a strong antigen signal without the usual co-stimulation needed for activation.

· For developing T cells, recognition of self MHC:self peptide complexes on thymic epithelial cells provides an as yet poorly defined survival signal.

· Positive selection of T cells also ensures the functional matching of receptor, co-receptor, and the class of MHC molecule recognized.
I
B cell development:


Fig. 7.1 B cells orginate from a lymphoid progenitor in the bone marrow.


Fig. 7.3  The early stages of B cell development are dependent on bone marrow stromal cells.


Fig. 7.5  The development of a B lineage cell proceeds through several stages marked by the rearrangement and expression of the Ig genes.


Fig. 7.6  The correlation of the stages of B cell development with Ig gene segment 


rearrangement and expression of cell-surface proteins.


Fig. 7.14  The steps in Ig gene rearrangement at which cells can be lost.


Fig. 7.15  A productively rearranged Ig gene is expressed immediately as a protein by the developing B cell.


Fig. 7.16  Nonproductive light-chain gene rearrangements can be rescued by further gene rearrangement.


Fig. 7.17  Allelic exclusion in individual B cells.


Fig. 7.18  The temporal expression of several cellular proteins known to be important for B cell development.

II
T cell development:



Fig. 7.9  The thymus is critical for the maturation of bone marrow-derived cells into T cells.


Fig. 7.2  The development of T cells.


Fig. 7.7  The cellular organization of the human thymus.


Fig. 7.12  The correlation of stages of  T cell development with T cell receptor gene rearrangement and expression of cell-surface proteins.


Fig. 7.13  Thymocytes at different developmental stages are found in distinct parts of the thymus.


Fig. 7.20  Signals through the  TCR and the pre-TCR compete to determine the fate of thymocytes.


Fig. 7.21  The rearrangement of T cell receptor g and d genes in the mouse proceeds in waves of cells expressing different V and V gene segments.


Fig. 7.22  The stages of gene rearrangement in  T cells.


Fig. 7.23  The temporal expression of several cellular proteins known to be important for early T cell development.


Fig. 7.24  Multiple successive rearrangement events can rescue nonproductive T cell receptor -chain gene rearrangements.

III
B cell selection: 


Fig. 7.25  Binding to self molecules in the bone marrow can lead to the death or inactivation of immature B cells.


Fig. 7.26  Replacement of light chains by receptor editing can rescue some self-reactive B cells by changing their antigen specificity.

IV
T cell positive selection:


Fig. 7.27  Positive selection is revealed by bone marrow chimeric mice.


Fig. 7.28  Summary of T cell responses to immunization in bone marrow chimeric mice.


Fig. 7.29  Positive selection determines co-receptor specificity.


Fig. 7.30  Thymic cortical epithelial cells mediate positive selection.


Fig. 7.31  The peptides bound to MHC class II molecules can affect the T cell receptor repertoire.

V
T cell negative selection:


Fig. 7.32  T cells specific for self antigens are deleted in the thymus.


Fig. 7.33 Bone marrow-derived cells mediate negative selection in the thymus.


Fig. 7.34  Clonal deletion by Mls-1a occurs late in the development of thymocytes.

Review questions for Chapter 7:

1.
What is the structure of the pre-B cell receptor? When is it expressed during B cell development? What are its potential functions?

2.
What is meant by allelic and isotypic exclusion? What are the mechanisms that a B cell use to ensure that it expresses only BCR of one antigen-binding specificity?

3.
Why are the chances of a productive Ig light chain rearrangement higher than that for an Ig heavy chain?

4.
What are the potential fates of mature B cells that exit the bone marrow?

5. 
What does receptor-editing mean? Under what conditions is this process activated?

6. How is Ig diversity generated in birds? How does this mechanism differ from those in mice and humans?

7.  How do you show experimentally whether a thymus is required for the development of  T cells?

8. 
How do you show experimentally that a large number of thymocytes are undergoing apoptotic cell death?

9.
In what aspects do cortical and medullary thymocytes differ?

10.
How does development of  T cells differ from that of  T cells?

11.
What is the structure of the pre-T cell receptor? When is it expressed and what are its potential functions?

12.
Why is it that up to one-third of mature T cells express two functionally-rearranged TCR transcripts? What are the consequences of this finding on the clonal selection theory?

13.
Describe an experiment to illustrate that bone marrow-derived cells mediate negative selection.

14.
Describe an experiment to illustrate that cortical thymic epithelial cells mediate positive selection.

15.
How do you show that the CD4 molecule functions as a coreceptor during the positive selection process?

16.
Why is it necessary for the signals for positive and negative selection to differ?

Chapter 8:  T Cell-Mediated Immunity

Key Concepts:

The production of armed effector T cells:

· Interactions between armed effector T cells and their targets are initiated by transient nonspecific adhesion between the cells.

· T cell effector functions are elicited only when peptide:MHC complexes on the surface of the target cells are recognized by the receptor on an armed effector T cell.

· This recognition triggers the armed effector T cell to adhere more strongly to the antigen-bearing target cell and to release its effector molecules directly at the target cell, leading to the activation or death of the target.

· The consequences of antigen recognition by an armed effector T cell are determined largely by the set of effector molecules it produces on binding a specific target cell. 

· CD8 cytotoxic T cells store preformed cytotoxins in specialized lytic granules whose release can be tightly focused at the site of contact with the infected target cell.

· Cytokines, and one or more members of the TNF family of membrane-associated effector proteins, are synthesized de novo by all three types of effector T cell. 

· TH2 cells express B cell activating effector molecules, whereas TH1 cells express effector molecules that activate macrophages.

· CD8 T cells express membrane-associated Fas ligand that induces programmed cell death in cells bearing Fas; they also release IFN-.

· Membrane-associated effector molecules act locally on target cell bearing the appropriate receptor; cytokines can act locally or on distant cells expressing receptors for the cytokines.

T cell-mediated cytotoxicity

· Armed effector cytotoxic CD8 T cells are essential in host defense against pathogens that live in the cytosol, the commonest of which are viruses.

· Cytotoxic T cells kill any cell harboring such pathogens by recognizing foreign peptides that are transported to the cell surface bound to MHC class I molecules.

· Cytotoxic CD8 T cells carry out their killing function by releasing two types of preformed cytotoxic protein: the granzymes, which induce apoptosis in any type of target cell, and pore-forming protein, perforin, which punch holes in the target cell membrane through which the granzymes can enter.

· A membrane-bound molecule, the Fas ligand, expressed by CD8 and some CD4 T cells, is also capable of inducing apoptosis by binding to Fas expressed by some target cells.

· Cytotoxic CD8 T cells also produce IFN-, which is an inhibitor of viral replication and is an important inducer of MHC class I expression and macrophage activation.

· Cytotoxic T cells kill infected targets with great precision, sparing adjacent normal cells.

Macrophage activation by armed CD4 TH1 cells:
· Macrophages are activated by membrane-bound signals delivered by activated TH1 cells as well as by the potent macrophage-activating cytokine IFN-, which is secreted by activated T cells.

· Once activated, the macrophage can kill intracellular and ingested bacteria. 

· Activated macrophages can also cause local tissue damage. 

· TH1 cells produce a range of cytokines and surface molecules that not only activate infected macrophages but can also kill chronically infected senescent macrophages, stimulate the production of new macrophages in bone marrow, and recruit fresh macrophages to sites of infection.

· TH1 cells have a central role in controlling and coordinating host defense against certain intracellular pathogens; the absence of this function in AIDS patients is associated with a preponderance of infections with intracellular pathogens.

I
The production of armed effector T cells


Fig. 8.1  The role of effector T cells in cell-mediated and humoral immune responses to representative pathogens.


Fig. 8.15  Langerhans’ cells can take up antigen in the skin and migrate to lymphoid organs where they present it to T cells.


Fig. 8.2  Immature dendritic cells take up antigen in the tissues.


Fig. 8.14  Dendritic cells mature through at least two definable stages to become potent antigen-presenting cells in lymphoid tissue.


Fig. 8.3  Antigen-presenting cells are distributed differentially in the lymph node.


Fig. 8.4  Naïve T cells encounter antigen during their recirculation through peripheral lymphoid organs.


Fig. 8.5  L-selectin and the mucin-like vascular addressins direct naïve lymphocyte homing to lymphoid tissues.


Fig. 8.6  Integrins are important in T lymphocyte adhesion.


Fig. 8.8  Cell-surface molecules of the Ig superfamily are important in the interactions of lymphocytes with antigen-presenting cells.  


Fig. 8.9  Transient adhesive interactions between T cells and antigen-presenting cells are stabilized by specific antigen.

Fig. 8.10  Activation of naïve T cells requires two independent signals.

Fig. 8.11 The principal costimulatory molecules expressed on antigen-presenting cells are B7 molecules, which bind the T cell protein CD28.

Fig. 8.12  T cell activation through the T cell receptor and CD28 leads to the increased expression of CTLA-4, an inhibitory receptor for B7 molecules.

Fig. 8.13  The requirement for one cell to deliver both the antigen-specific signal and the co-stimulatory signal is crucial in preventing immune responses to self antigens.


Fig. 8.21  T cell tolerance to antigens expressed on tissue cells results from antigen recognition in the absence of co-stimulation.

Fig. 8.16  Microbial substances can induce co-stimulatory activity in macrophages.

Fig. 8.18  The properties of the various antigen-presenting cells.

Fig. 8.19  High affinity IL-2 receptors are three-chain structures that are produced only on activated T cells.

Fig. 8.22  Armed effector T cells can respond to their target cells without co-stimulation.

Fig. 8.23  Activation of T cells changes the expression of several cell surface molecules.

II
General properties of armed effector T cells

Fig. 8.27  There are three classes of effector T cell, specialized to deal with three classes of pathogen.

Fig. 8.29  The polarization of T cells during specific antigen recognition allows effector molecules to be focused on the antigen-bearing target cell.

Fig. 8.31  The three main types of armed effector T cell produce distinct sets of effector molecules.

III 
T cell-mediated cytotoxicity


Fig. 8.36  Cytotoxic effector proteins released by cytotoxic T cells.


Fig. 8.37  Perforin released from the lytic granules of cytotoxic T cells can insert into the target cell membrane to form pores.


Fig. 8.38  Effector molecules are released from T cell granules in a highly polar fashion.

IV
Macrophage activation by armed effector CD4 TH1 cells


Fig. 8.40  TH1 cells activate macrophages to become highly microbicidal.


Fig. 8.41  Activated macrophages undergo changes that greatly increase their antimicrobial effectiveness and amplify the immune response.


Fig. 8.42  The immune response to intracellular bacteria is coordinated by activated TH1 cells.

Review questions for Chapter 8:

1.
Which cell types are referred to as professional antigen-presenting cells? In what way do they differ from each other?

2.
What are the cellular receptors for B7.1 and B7.2 called? How do they differ in the binding of B7 molecules and in their function?

3.
Which adhesion molecules mediate T cell/APC interactions? How does TCR/ligand interactions promote T cell/APC interactions?

4.
How does the CD28/B7 signaling pathway promote the response of T cells to activation by antigenic ligands?

5.
How is costimulatory activity induced in macrophages?

6.
Resting T cells and activated T cells respond to high and low concentrations of IL-2, respectively. Why?

7.
What effector molecules are produced by cytotoxic T cells, TH1 cells and TH2 cells? How do these effector molecules work?

8. 
Describe the mechanism by which cytotoxic T cells kill their target cells.

9. 
What effector mechanisms are utilized by TH1 activated macrophages for the killing of intracellular bacteria?

10. What mechanisms are used by activated macrophages to kill intracellular pathogens?

Chapter 9:  The Humoral Immune Response

Key Concepts:

B cell activation by armed helper T cells:

· B cell activation by many antigens, especially monomeric proteins, requires both binding of the antigen by the BCR and interaction of the B cell with antigen-specific helper T cells.

· Helper T cells recognize peptide fragments derived from the antigen internalized by the B cell and displayed by the B cells as peptide:MHC class II complexes.

· Helper T cells stimulate the B cell through the binding of CD40L on the T cell to CD40 on the B cell, through interaction of other TNF-TNF receptor family ligand pairs, and by the directed release of cytokines.

· The initial interaction between antigen-specific T and B cells occurs in the T cell area of secondary lymphoid tissue, where both antigen-specific T and B cells are trapped as a consequence of binding antigen. Further interactions between T and B cells occur after migration into the B cell zone or follicle, and formation of a germinal center.

· Helper T cells induce a phase of vigorous B cell proliferation, and direct the differentiation of the clonally expanded progeny of naïve B cells into either antibody-secreting plasma cells or memory B cells.

· During the differentiation of activated B cells, the antibody isotype can change in response to cytokines released by helper T cells, and the antigen-binding properties of the antibody can change by somatic hypermutation of V-region genes. Somatic hypermutation and selection for high affinity binding occur in the germinal centers.

· Some non-protein antigens stimulate B cells in the absence of linked recognition by peptide-specific helper T cells. These thymus-independent (TI) antigens induce limited isotype switching and do not induce memory B cells.

· Responses to TI antigens have a critical role in host defense against pathogens whose surface antigen cannot elicit peptide-specific T cell responses.

The distribution and functions of Ig isotypes:

· Antibody-coated pathogens are recognized by accessory effector cells through Fc receptors that bind to the multiple constant regions (Fc portions) provided by the bound antibodies.

· Binding activates the accessory cell and triggers destruction of the pathogen.

· Fc receptors comprised a family of proteins, each of which recognizes immunoglobulins of particular isotypes.

· Fc receptors on macrophages and neutrophils recognize the constant regions of IgG and IgA antibodies bound to a pathogen and trigger the engulfment and destruction of IgG- or IgA-coated bacteria.

· Multimeric IgA is produced in the lamina propria and transported across epithelial surfaces, whereas IgE is made in small amounts and binds avidly to the surface of mast cells.

· Binding to the Fc receptor also induces the production of microbicidal agents in the intracellular vesicles of the phagocyte.

· Eosinophils are important in the elimination of parasites too large to be engulfed; they bear Fc receptors specific for the constant part of IgG, as well as high affinity receptors for IgE; aggregation of these receptors triggers the release of toxic substances onto the surface of the parasite.

· NK cells, tissue mast cells, and blood basophils also release their granule contents when their Fc receptors are engaged.

· The high affinity receptor for IgE is expressed constitutively by mast cells and basophils, and is induced in activated eosinophils.

· When IgE bound to the surface of a mast cell is aggregated by binding to antigen, it triggers the release of histamine and many other mediators that increase the blood flow to sites of infection.

· Mast cells are found principally below epithelial surfaces of the skin and the disgestive and respiratory tracts, and their activation by innocuous substances is responsible for many of the symptoms of acute allergic reactions.

· Antibodies can also initiate the destruction of pathogens by activating the complement system.

· Complement components can opsonize pathogens for uptake by phagocytes, can recruit phagocytes to sites of infection, and can directly destroy pathogens by creating pores in their cell membrane.

· Receptors for complement components and Fc receptors often synergize in activating the uptake and destruction of pathogens and immune complexes.

I
B cell activation by armed helper T cells


Fig. 9.1  The humoral immune response is mediated by antibody molecules that are secreted by plasma cells.

Fig. 9.2  A second signal is required for B cell activation by either thymus-dependent or thymus-independent antigens.

Fig. 9.3  B cells and helper T cells must recognize epitopes of the same molecular complex in order to interact.

Fig. 9.4 Protein antigens attached to polysaccharide antigens allow T cells to help polysaccharide-specific B cells.

Fig. 9.5 Armed helper T cells stimulate the proliferation and then the differentiation of antigen-binding B cells.

Fig. 9.6  When an armed helper T cell encounters an antigen-binding B cell, it becomes polarized and secretes IL-4 and other cytokines at the point of the cell-cell contact.

Fig. 9.7  Different cytokines induce switching to different isotypes.

Fig. 9.8  Isotype switching is preceded by transcriptional activation of heavy-chain C-region genes.

Fig. 9.9  Antigen-binding cells are trapped in the T cell zone.

Fig. 9.10  Plasma cells secrete antibody at a high rate but can no longer respond to antigen or helper T cells.

Fig. 9.11  Activated B cells form germinal centers in lymphoid follicles.

Fig. 9.12  Germinal centers are formed when activated B cells enter lymphoid follicles.

Fig. 9.13  After T cell-dependent activation, B cells undergo rounds of mutation and selection for higher-affinity mutants in the germinal center, ultimately resulting in high-affinity memory B cells and antibody secreted from plasma cells.

Fig. 9.14  Immune complexes bind to the surface of follicular dendritic cells.

Fig. 9.16  Thymus-dependent type 1 antigens (TI-1 antigens) are polyclonal B cell activators at high concentrations, whereas at low concentrations they induce an antigen-specific antibody response.

Fig. 9.17  B cell activation by thymus-independent type 2 antigens (TI-2 antigens) requires, or is greatly enhanced by cytokines.

Fig. 9.18  Properties of different classes of antigens that elicit antibody responses.

II
The distribution and functions of Ig isotypes


Fig. 9.19  Each human Ig isotype has specialized functions and a unique distribution.



Fig. 9.22  Ig isotypes are selectively distributed in the body.


Fig. 9.20  Transcytosis of IgA antibody across epithelia is mediated by the poly-Ig receptor, a specialized transport protein.


Fig. 9.21  FcRn binds to the Fc portion.

III
The destruction of antibody-coated pathogens via Fc receptors


Fig. 9.30  Distinct receptors for the Fc region of the different Ig isotypes are expressed on different accessory cells. 


Fig. 9.31  Bound antibody is distinguishable from free Ig by its state of aggregation.


Fig. 9.32  Fc and complement receptors on phagocytes trigger the uptake and degradation of antibody-coated bacteria.


Fig. 9.34  Antibody-coated target cells can be killed by NK cells in antibody-dependent cell-mediated cytotoxicity (ADCC).


Fig. 9.35  IgE antibody cross-linking on mast cell surfaces leads to a rapid release of inflammatory mediators.

Review questions for Chapter 9:

1.
What is the difference between TI-1 and TI-2 antigens? How are B cells activated by TI-1 and TI-2 antigens? What is the evolutionary advantage for this type of antibody response?

2.
What is the function of the CD40/CD40 ligand signaling pathway in B cell activation?

3.
Haemophilus influenzae B vaccine is a conjugate of bacterial polysaccharide and the tetanus toxoid. Why is this vaccine more effective than one that is conjugated to a foreign protein such as keyhole limpet haemocyanin?

4.
T and B cells are localized in different areas of the secondary lymphoid organ. Yet for an effective B cell response antigen-specific T and B cells must come into close contact. How is this achieved?

5.
How does Ig class switching in activated B cells occurs? Which cytokines are important for this process?

6.
Where does somatic hypermutation of activated B cells occur? What are the consequences of such a hypermutation process? Why is it necessary to have such a process?

7.
Describe the mechanisms by which IgA and IgG are transported across epithelial tissues and the placenta, respectively.

· What are the functions of Fc receptors on phagocytes, B cells, and NK cells? 

9. 
Some Fc receptors have activating and some have inhibitory function. How is this achieved. Give an example of how an Fc receptor is used to negatively regulate humoral immune responses by B cells.

10.
How do you show experimentally that mast cells are important for defence against parasitic infection?

Chapter 10:  Adaptive Immunity to Infection

Key Concepts:

Infectious agents and how they cause disease:
· The mammalian body is susceptible to infection by many pathogens, which must first make contact with the host and then establish a focus of infection in order to cause infectious disease.

· To establish an infection, the pathogen must first colonize the skin or the internal mucosal surfaces of the respiratory, gastrointestinal, or urogenital tracts and then overcome or bypass the innate immune defenses associated with the epithelia and underlying tissues.

· An infection will provoke an adaptive immune response that will take effect after several days and will usually clear the infection.

· Pathogens differ greatly in their lifestyles and means of pathogenesis, requiring an equally diverse set of defensive responses from the host immune system.

The course of the adaptive response to infection:

· The adaptive immune response is required for effective protection of the host against pathogenic microorganisms.

· The response of the innate immune system to pathogens helps initiate the adaptive immune response, as interactions with these pathogens lead to the production of cytokines and the activation of dendritic cells to activated APC status.

· The antigens of the pathogen are transported to local lymphoid organs by these migrating APCs and presented to antigen-specific naïve T cells that continuously recirculate through the lymphoid organs.

· T cell priming and differentiation of armed effector T cells occur on the surface of antigen-loaded dendritic cells, and the armed effector T cells either leave the lymphoid organ to effect cell-mediated immunity in sites of infection or remain in the lymphoid organ to participate in humoral immunity by activating antigen-binding B cells. 

· Which response occurs is determined by the differentiation of CD4 T cells into TH1 or TH2 cells, which is in turn determined by the cytokines produced in the early non-adaptive phase.

· NK1.1+ T cells, which produces IL-4, bias CD4 T cell response towards a TH2 phenotype, thereby promoting humoral immunity.

· A subset of  T cells, particularly common in the gut, secretes IFN- and thereby promotes a TH1 response. 

· CD8 T cells play an important role in protective immunity against infection by viruses and intracellular pathogens such as Listeria.
The mucosal immune system:

· The immune system can be divided into a series of functional anatomical compartments for which the two most important are the peripheral lymphoid system (spleen and lymph nodes) and the mucosal lymphoid system.

· Specific homing mechanisms for lymphocytes to each of these compartments serve to maintain a separate population of lymphocytes in each.

· The mucosal surfaces of the body are highly vulnerable to infection and possess a complex array of innate and adaptive mechanisms of immunity.

· The gut mucosa has a higher number of  T cells compared with peripheral lymph nodes and blood.

· The major antibody type secreted across the epithelial cells lining mucosal surfaces is secretory polymeric IgA. 

· The mucosal lymphoid system is exposed to a vast array of foreign antigens from foods, from the commensal bacteria of the gut, and from pathogenic microorganisms and parasites.

· The key distinction between tolerance and the development of powerful protective adaptive immune responses is the context in which peptide antigen is presented to T lymphocytes in the mucosal immune system. 

· In the absence of inflammation, presentation of peptide to T cells by MHC molecules on antigen-presenting cells occurs in the absence of co-stimulation. By contrast, pathogenic microorganisms induce inflammatory responses in the tissues, which sitmulate the maturation and expression of co-stimulatory molecules on APCs. This form of antigen presentation favors development of a protective TH1 response.

Immunological memory:

· Protective immunity against reinfection is one of the most important consequences of adaptive immunity operating through the clonal selection of lymphocytes.

· Protective immunity depends not only on preformed antibodies and armed effector T cells, but most importantly on the establishment of a population of lymphocytes that mediate long-lived immunological memory.

· The capacity of these cells to respond rapidly to restimulation with the same antigen can be transferred to naïve recipients by primed B and T cells. 

· Memory B cells can also be distinguished by changes in their Ig genes because of isotype switching and somatic hypermutation, and increase in the affinity of the antibodies they produce for the antigen. 

· The artificial induction of protective immunity by vaccination, which includes immunological memory, is the most outstanding accomplishment of immunology in the field of medicine.

I
Infectious agents and how they cause disease


Fig. 10.1  The course of a typical acute infection


Fig. 10.3  A variety of microorganisms can cause disease.


Fig. 10.4  Pathogens can be found in various compartments of the body, where they must be combated by different host defense mechanisms.


Fig. 10.6  The time course of infection in normal and immunodeficient mice and humans.


Fig. 10.7  Lymphocytes in the blood enter lymphoid tissue by crossing the walls of high endothelial venules.


Fig. 10.9  The differentiation of naïve CD4 T cells into different subclasses of armed effector T cells in influenced by cytokines elicited by the pathogen.


Fig. 10.10  The two subsets of CD4 T cells each produce cytokines that can negatively regulate the other subset.


Fig. 10.12  Armed effector T cells change their surface molecules allowing them to home to sites of infection.


Fig. 10.13  The specialized regions of lymphoid tissue provide an environment where antigen-specific naïve B cells can interact with armed helper T cells specific for the same antigen.


Fig. 10.15  Different effector mechanisms are used to clear primary infections with different pathogens and to protect against subsequent reinfection.

II
The mucosal immune system


Fig. 10.17  M cells take up antigens from the lumen of the gut by endocytosis.


Fig. 10.18  Anatomy of mucosal immune responses.


Fig. 10.19  T cells of the mucosal immune system bearing  T cell receptors and an activating NK receptor recognize and kill injured enterocytes.


Fig. 10.20  The major antibody isotype present in the lumen of the gut is secretory polymeric IgA.

III
Immunological memory


Fig. 10.24  The generation of secondary antibody responses from memory B cells is distinct from the generation of the primary antibody response.


Fig. 10.25  The affinity as well as the amount of antibody increases with repeated immunization.


Fig. 10.27  Encounter with antigen generates effector T cells and long-lived memory T cells.


Fig. 10.28  Many cell-surface molecules have altered expression on memory T cells.


Fig. 10.29  Memory CD4 T cells express altered CD45 isoforms that regulate the interaction of the T cell receptor with its co-receptors.

Review Questions for Chapter 10:

1. 
What are the main types of pathogenic organisms and what are the principle adaptive immune mechanisms that are utilized to eliminate infections cause by these main types of pathogens?

2. 
Describe the sequence of events that are necessary to clear an infection in the skin.


What is the mechanism by which naïve T cells enter the T cell areas in the lymph node?

3. 
How does cytokines that are made in the early phase of an infection influence the functional differentiation of CD4 T cells? Why is it necessary for CD4 T cells to have different functional fates?

4. 
Which attributes of the armed effector T cells facilitate their migration to sites of infection?

5. 
Antigen-specific T and B cells are localized in distinct compartments of the secondary lymphoid organs. How do antigen-specific T and B cells establish the initial contact that lead to the production of antigen-specific antibodies by B cells?

6. 
What types of T cells are found in the mucosal immune system? How does it differ from the types of T cells that are found in the spleen and lymph nodes? What are the potential functions of the T cells that are found predominantly in the mucosal immune system?

7. 
Memory T cells has altered expression of cell-surface molecules. In what way does expression of these molecules differ from naïve T cells? In what way does this altered expression of cell-surface molecules contribute to the function of memory T cells?  

MICROBIOLOGY 302

MIDTERM EXAMINATION
October 24, 2000  (50 marks total)

This exam has 5 questions with which you have a total of 70 minutes to answer. Please make your answers brief and to the point. Marks are not awarded for irrelevant information.

1. (8 marks)


Mice with one form of scid (severe combined immunodeficiency diseases) mutation do not have any mature T or B cells in their secondary lymphoid organs. These mice are severely immunodeficient and need to be housed in a pathogen-free environment in order to survive. What potential mutations could have caused this phenotype? (You need to provide only one answer). How would you proceed to test your hypothesis? (Provide as much conceptual details as you can for this part of your answer).

2. (10 marks)


Which common structural feature does Ig and CD3 have in common?  What is this common structure called and what is its function in B and T cells? What does CTLA-4 and FcRIIB-1 (Fc receptor for IgG2b) have in common? What is this common structure called and what is its function in T and B cells? 

3. (14 marks)


During the rearrangement of Ig and TCR gene segments P and N nucleotides are generated. 


(i) Define P and N nucleotides. 

(ii) Which gene junctions can you expect to find P and N nucleotides in TCR  and  chains? 

(iii) Which part of the antigen binding site of Ig molecules is affected by P and N nucleotides?

(iv) Can the part of the antigen binding site that is affected by P and N nucleotides be further modified in B cells? In T cells? Provide an explanation for your answer.

4. (10 marks)


What is tapasin and what does it do? If you were able to create a gene knock-out mouse line for tapasin, what would be the phenotype of tapasin knock-out mice? Would tapasin gene knock-out mice demonstrate increased susceptibility to infection by viruses and mycobacteria? Why? 

5. (8 marks)


An antigen-activated memory B cell of human origin expresses cell surface IgG4 antigen receptors. When this memory cell is re-activated by antigen, what types of Ig molecules can potentially be expressed or not expressed by its daughter cells? Provide an explanation for your answer. 

MICROBIOLOGY 302

FINAL EXAM

December 21, 2000

2 hrs

Answer all eight questions. 

Please make your answers brief and to the point.

This exam has a total of 100 marks and is worth 60% of your final grade.

Use the mark distribution as a guide to the number of points required for each answer.
1. During B cell development there are various stages where cell loss can occur. 


(a) Describe the events that could lead to cell loss at the late pro-B, pre-B, and the  immature B cell stages. (6 marks)

(b) What is the probability of cell loss at the late pro-B stage? (3 marks)

(c)Which mechanisms are used by pre-B and immature B use cells to maximize their survival? (4 marks)

2. (a) What is meant by allelic exclusion in B cells? (2 marks)

(b) How is allelic exclusion achieved in B cells? (6 marks)


(c) Allelic exclusion in B cells was first discovered in rabbits. How was this discovery made? (6 marks)

3. (a) When and by what mechanism is IgD first expressed in B cells? (2 marks)


(b) Which gene will you target if you were to create a mouse that does not express any IgD molecules? Provide an explanation for your answer (2 marks)

(c) The function of IgD in B cell development and B cell activation is still very poorly defined. How would you use the IgD knockout mouse to determine whether this molecule is required for the development of: (i) late pre-B cells? (2 marks) (ii) antibody responses to a T-dependent antigen? Include in your answer an example of a T dependent antigen. (4 marks) 

4. TCR transgenic mice are very useful for analyzing the mechanisms of T cell development. How would you use TCR transgenic mice to demonstrate that interaction of the TCR with MHC class I molecules is essential for the positive selection of CD4-CD8+ T cells? How would the presence of antigen in TCR transgenic mice affect these studies? (10 marks)

5. 
One in three T cells from normal mice possess two functionally rearranged TCR chains. 

(a)At what stage of T cell development does a T cell possess the ability to make two functional chain gene rearrangements? How is this possible? When does this cell cease to make further chain gene rearrangements? How is this achieved? (6 marks)

(b) How will expression of two TCR  chains affect T cell selection? Which of the two  chains is used for responses to foreign antigens? Is there a function for the other  chain? Why? (6 marks)

6. Bone marrow radiation chimeric mice are constructed by injecting T cell-depleted bone marrow cells into lethally irradiated mice. These mice are very useful for analyzing mechanisms of T cell selection and tolerance. 

(a) What is the MHC restriction specificity of T cells from a lethally irradiated MHCb mouse which has been reconstituted with T cell-depleted bone marrow cells from a MHCaxb mouse? Why? (3 marks) 

(b) Describe an experiment by which you can determine the MHC restriction specificity of cytotoxic T (Tc or CTL) cells from these bone marrow radiation chimeric mice. Include in your answer the predicted results of this experiment. (7 marks) 

(c) Would this bone marrow radiation chimeric mouse accept or reject a MHCa skin graft? Why? (4 marks) 

7. (a) What are the relative level of expression of L-selectin, VLA-4, LFA-1, and CD45RO in resting and activated T cells? (4 marks)


(b) How does the expression level of these cell surface molecules relate to the function of resting and activated T cells? (8 marks)

8. (a) Name three cleavage products of C3 which have important biological functions? (3 marks)

(b)
Which of these three cleavage products promote the function of phagocytes, erythrocytes, and follicular dendritic cells? Provide an explanation for your answer (9 marks) 

(c) Defects in the membrane-attack components of complement (C5-C9) have limited effects on immunity towards bacterial infection and result exclusively in susceptibility to infection by Neisseria species. What does this observation suggest regarding which defense mechanisms are effective or ineffective against Neisseria infections? (3 marks)

MICROBIOLOGY 302

MIDTERM EXAMINATION
October 9, 2001  (50 marks total)

This exam has 6 questions with which you have a total of 70 minutes to answer. Please make your answers brief and to the point. You may answer in point form. Marks are not awarded for irrelevant information.

1.    (7 marks)


How do birds diversify their B cell receptor repertoire? How does this mechanism differ from those that are used by humans? Do not provide details of Ig gene rearrangement or how diversity is generated for human immunoglobulins for this answer.

4.  (7 marks)


How is the MHC class I antigen presentation pathway coordinated with a viral infection? Why is it important to have such coordination? Include in your answer the mechanisms that are used by this pathway to maximize presentation of peptides derived from viral proteins.

5. (12 marks)

How do B cells produce either the membrane-bound or the secreted form of immunoglobulin molecules of all isotypes? Why is it important for B cells to have this capability? Use your imagination to provide a logical answer for the second part of this question.

6. (8 marks)


When do immunoglobulin gene rearrangements and immunologlobulin isotype switching occur? Which DNA elements are used for these processes? The sequences of these DNA elements are not required for your answer but you need to say what these elements are called and a description of how these elements function. 

7. (7 marks)

How do MHC class II molecules ensure that they maximize presentation of antigenic peptides of pathogens as stable MHC class II:peptide complexes on the cell surface? Why is it important for these complexes to be stable? You don’t have to provide details of the entire antigen presentation pathways. Just refer to aspects of the pathway that are relevant to this question.

6.
(9 marks)


Foreign MHC molecules and staphylococcal enterotoxins stimulate a large number of T cells with diverse antigen binding sites. How is this possible? Your answer should include an explanation for the activation of a large number of T cells by these two distinct types of molecules.

MICROBIOLOGY 302

FINAL EXAM

University of British Columbia

December 13, 2001

2 hrs

Answer all eight questions. These questions have a total of 100 marks.

Please make your answers brief and to the point. Use the mark distribution as a guide to the number of points required for each answer. You may answer in point form. Marks are not awarded for irrelevant answers.
Unless an alternative arrangement has been made, this exam is worth 65% of your final grade.
8. (15 marks)


You have generated a T cell line with a deficiency in LAT (linker of activation in T cells). You activate this cell line by cross-linking its T cell receptor with anti-TCR antibodies. Compared to T cells with LAT:


(a) How would the tyrosine phosphorylation of  chain be affected? Why? (2 marks)


(b) How would the tyrosine phosphorylation of PLC- be affected? Why? (3 marks)


(c) How would changes in intracellular calcium levels be affected? Why? What is the mechanism by which intracellular calcium is affected following TCR stimulation in LAT+ cells? (7 marks)


(d) Which guanine nucleotide exchange factor and G protein would be affected and how will they be affected? (3 marks)

9. (10 marks)


(a) What are the components of the B cell co-receptor? (3 marks)


(b) Which MAP kinase pathway does the B cell co-receptor activate? (1 mark)


(c) Describe the mechanism by which the co-receptor pathway is linked to BCR signaling and the activation of the GEF for this MAP kinase pathway. (6 marks)

10. (9 marks)

(a) What are the components of the surrogate light chain of the pre-BCR? (2 marks)

(b) What is the function of the pre-BCR? (3 marks). 

(c)  How is B cell development and heavy chain gene rearrangements affected if the mouse fails to express one of the components of the surrogate light chain? (4 marks) 

11. (13 marks)

(a) What are Langerhans’ cells and where do they reside? (2 marks)

(b) Why are Langerhans’ cells adept at capturing antigen? (2 marks)

(c) The Langerhans’ cells have phagocytosed gram-negative bacteria.  Which component of the gram-negative bacteria contributes to the maturation of the Langerhans’ cells? Explain how this component induces maturation and the T cell stimulatory activity of these cells. What other changes is associated with this maturation process? (9 marks)

12. (13 marks)

(a) Describe the sequence of events that lead to tight binding of TH1 cells to infected macrophages. (3 marks)

(b) What is the mechanism by which TH1 cells activate macrophages? (2 marks)

(c) How do activated macrophages increase their anti-microbial activity and amplify the immune response? (8 marks)

13. (15 marks)

Haemophilus influenzae type B vaccine is a conjugate of bacterial polysaccharide and the tetanus toxoid protein. This vaccine protects infants against infection by this bacterial pathogen, which infects the lining of the brain causing meningitis. 

· Describe the form of protective immunity for this pathogen. How does this protective immunity prevent infection of the brain lining? (2 marks)

· Which class of antigen does the bacterial polysaccharide belong to? (1 mark)

· Why are infants unable to make an effective response against the bacterial polysaccharide? (2 marks)

· Can adults possess effective immunity against this pathogen without vaccination? Why? (3 marks)

· Why was tetanus toxoid chosen as the conjugate protein for this vaccine? Describe the mechanism by which the tetanus toxoid promotes protective immunity in the infants? (7 marks)

14. (7 marks)

You created a radiation bone marrow chimeric mice by reconstituting the immune system of a MHCa mouse with T cell-depleted bone marrow cells from a MHCb mouse. Two months after reconstitution you determine that the reconstituted mice possess normal numbers of T cells. However, when you infect these reconstituted mice with virus X, they rapidly succumbed to the viral infection whereas wild type MHCa or MHCb mice can easily get rid of this infection. 

(a) What is the MHC-restriction specificity of the T cells in the chimeric mice? How  were they selected? (2 marks)

· Provide a detailed explanation as to why the chimeric mice have no protective immunity against virus X. (5 marks)

15. (18 marks)

You cloned the cDNA of the functionally rearranged  and  TCR genes from a CD4-CD8+ T cell clone that is specific for a viral peptide presented by MHCa. You then created MHCa transgenic mouse lines which expressed the  and  transgenes under the control of their own promoters. 

· At what stage of thymocyte development would you expect the  and  TCR transgenes to be expressed in MHCa mice? Explain. (3 marks)

· In MHCa TCR transgenic mice, you noticed that there is a higher than normal percentage of CD4-CD8+ thymocytes. Why is there more CD4-CD8+ thymocytes in these transgenic mice? What is the expected TCR specificity of these CD4-CD8+ thymocytes? Why? (6 marks)

· You noticed that the thymus of MHCa TCR transgenic mice also possess a few CD4+CD8- thymocytes. What is the mechanism for the positive selection of these thymocytes? Are the  and  chains of these thymocytes of either transgenic or endogenous origin? Why? (6 marks)   

· If you were to introduce the  and  TCR transgenes into MHCa mice that has a non-functional Rag-1 gene, which thymocyte subsets based on CD4/CD8 expression would be absent? Why? (3 marks)
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