Chapter 1
Elements of the Immune System and their Roles in Defense
I. Defenses facing invading pathogens
A. Physical barriers
B. Both innate and adaptive work together
C. White blood cells
1. Bone marrow

2. Primary lymphoid tissue
a. bone marrow

b. thymus

3. Secondary lymphoid tissue- trafficking of lymphocytes
a. lymph nodes
b. spleen
c. others (GALT)

D. Innate immunity and inflammation
E. Soluble proteins

F. Immunology

1. Innate Immunity

2. Adaptive (Acquired) Immunity

G. Humoral (B-cell mediated)

H. Cellular (T-cell mediated)

II. Principles of adaptive immunity

A. Immunoglobulins (antibodies) and T-cell receptors
B. Diversity

C. Clonal Selection Theory 

D. B-cells and T-cells recognize pathogens in different ways
E. Antibodies and extracellular pathogens
F. T-cell repertoire

1. Cytoxic T-cells
2. Helper T-cells
G. Memory and protection
H. Misfires of the immune system- birth defects, autoimmune, allergies

Terminology for Examination
innate/adaptive immunity, acquired immunity, autoimmunity, clonal selection theory, passive/active immunity, humoral/cellular immunity, primary/secondary lymphoid tissue, GALT/MALT, opportunistic pathogen, pluripotent hematopoietic stem cell, megakaryocytes, hematopoisis, granulocytes, dendritic cells, natural killer cells, periarteriolar lymphoid sheath, antigen-presenting cells, opsonization, 
Chapter 2
Antibody Structure and the Generation of B-Cell Diversity

 

I. The Structural basis of antibody diversity

A. Light Chains and Heavy Chains, Variable and Constant Regions
1. Fc vs. Fab fragments
2. Types of immunoglobulins- heavy chains=isotypes
a. IgA

b. IgD

c. IgE

d. IgG

e. IgM

3. Light Chains

a. kappa and lambda

B. Heavy hypervariable + light variable = antigen-binding site (idiotope)
C. Antigen-binding sites vary in shape and physical properties
1. idiotope on antibody

2. epitope on foreign invader

a. many types of epitopes
D. Monoclonal Antibodies are produced from a clone of antibody-producing cells

E. Isolating cells using mAb and flow cytometry
II. Generation of immunoglobulin diversity in B cells before encounter with antigen 

A. review central dogma
B. germline configuration of the human heavy and light chain loci
C. Variable region and 3 different genes
1. variable (V)

2. joining (J)

3. diversity (D)

D. Random recombination of gene segments allows for diversity
1. heavy chain
E. Native B cells use alternative splicing to make both IgM and IgD

F. B-cell receptors
G. Each B-cell produces immunoglobulin of a single antigen specificity

1. Using this info. to diagnose B-cell leukemia
III. Diversification of antibodies after B cells encounter antigen

A. IgM secretion occurs first

B. Rearranged V-region sequences are further diversified by somatic hypermutation
C. Isotype switching-starts with IgM
1. Different constant regions
2. Identical antigen specificities

D. Antibodies with different constant regions (isotypes) have different effector functions

1. neutralization, opsonization, sensitization, complement activation
Terminology for Examination

heavy/light chain, variable/constant regions, Fab/Fc region, isotypes, immunoglubulin superfamily, comlementarity-determining regions, epitope, catalytic antibody, linear/conformational/dicontinuous epitopes, hybridoma, monoclonal antibody, recombination activating genes, P nucleotides, terminal deoxynucleotidyl transferase, N nucleotides, junctional diversity, allelic exlusion, somatic hypermutation, affinity maturation, class switching
IV. Chapter 3
Antigen Recognition by T Lymphocytes
I. T-cell receptor diversity

A. The T-cell receptor resembles a membrane-associated Fab fragment of immunoglobulin
1. heterodimer chains- alpha and beta

2. complementarity-determining regions (CDR's)

B. T-cell receptor diversity is generated by gene rearrangement
1. alpha= V and J and one C region

2. beta= VDJ and 2 C regions

C. T-cell plus additional proteins = T-cell receptor complex
1. Additional diversity encoded in CD3 region and zeta chain

D. Some T cells bear an alternative form of T-cell receptor composed of gamma and delta chains
1. gamma/delta T-cells comprise 1-5% of human T cells in circulation

2. may be dominant in epithelial tissue
II. Antigen Processing and Presentation
A. Two classes of T cell are specialized to respond to intracellular and extracellular sources of infection

1. CD8

2. CD4

a. TH1 and TH2

B. Two classes of MHC molecule present antigen to CD8 and CD4 respectively

1. MHC class I associates with CD8

2. MHC class II associates with CD4

C. The two classes of MHC molecule have similar three-dimensional structures

1. MHC class I contains alpha 1-3 domains and Beta 2-microglobulin

2. MHC class II, alpha chain and beta chain

3. binding of MHC is restricted to correct CD co-receptors
D. MHC molecules bind a wide variety of peptides

E. Peptides generated in the cytosol are transported into the ER where they bind MHC class I molecules

1. intracellular pathogens
a. proteasome- degrade intracellular proteins

b. transporter associated with antigen processing (TAP)- transports proteins across ER membrane

c. chaperone proteins make things proceed smoothly
d. inserted on membrane surface with peptide/MHC class I

F. Peptides presented by MHC class II molecules are generated in acidified intracellular vesicles

1. extracellular pathogens
a. phagosomes fuse with lysosomes and form phagolysosomes

b. MHC class II molecules are prevented from binding peptides in the ER by the invariant chain
c. invariant chain becomes class II-associated invariant chain peptide (CLIP) in vesicle

d. CLIP is removed and peptide binds to MHC class II

e. MHC class II and peptide is inserted onto membrane surface

G. The T-cell receptor specifically recognizes both peptide and MHC molecule
H. T cell function
I. The two class of MHC molecule are expressed differentially on cells

1. MHC class I on almost ALL nucleated cells

2. MHC class II found mostly on lymphocytes, APC's and certain specialized cells
III. The Major Histocompatibility Comples (MHC)

A. The diversity of MHC molcules in the human population is due to both polygeny and genetic polymorphism
1. Number of known polymorphisms
B. The MHC class I and class II genes occupy different regions of the MHC

1. DR regions can have an extra gene

2. Just looking at the APC portion of MHC
C. Other proteins involved in antigen processing and presentation are encoded in the MHC class II region

D. MHC polymorphism affects the binding and presentation of peptide antigens to T cells

1. Peptide binding groove
2. MHC restriction
E. MHC diversity results from selection by infectious disease
1. New MHC molecules are generated by interallelic conversion or gene conversion
2. Heterozygosity is good
F. MHC polymorphism triggers T-cell reactions that can reject transplanted organs

Terminology for Examination

major histocompatibility complex, antigen presentation, antigen processing, CD4/CD8, helper/cytotoxic/suppressor T cells, beta2-microglobulin, MHC class I/II,

transporter associated with antigen processing (TAP) , proteasome, endocytosis/phagocytosis, phagolysosome, class II-associated invariant chain peptide(CLIP), HLA-DM, allotypes, MHC restriction, 

 The Development of B Lymphocytes
Chapter 4
I. The development of B cells in the bone marrow

A. Stages of B-cell development
1. Stem cell

2. Pro-B

3. Pre-B
4. Immature

5. Mature

6. Early stages are in contact with bone marrow stromal cells
B. B-cell survival depends on productive gene rearrangements
1. Some rearrangements have a second chance to be productive
C. Cell-surface expression of the products of rearranged immunoglobulins genes prevents further gene rearrangement
D. The proteins involved in immunoglobulin-gene rearrangement are developmentally controlled

E. Many B-cell tumors carry chromosomal translocations that join immunoglobulin genes to genes regulating cell growth

1. translocations, oncogenes and proto-oncogenes

F. B cells expressing the glycoprotein CD5 express a distinctive repertoire of receptors

1. B-1 vs. B-2 cells
II. Selection and further development of the B-cell repertoire

A. Self-reactive immature B cells are eliminated or inactivated by contact with self antigens
1. clonal deletion

2. anergy

3. Receptor editing, 2 possibilities

B. Mature naive B cells compete for access to lymphoid follicles
1. follicle space is limited, those that do not gain access, die

C. Encounter with antigen leads to the differentiation of activated B cells into plasma cells and memory cells

1. plasma cells become antibody producing machines and are unreactive to antigen

2. some B cells go to germinal centers and undergo affinity maturation

3. memory cells are formed in these germinal centers

D. Different types of B-cell tumor reflect B cells at different stages of development

1. follicular center cell lymphoma

2. myelomas

3. others
1. Summary of B cell population dynamics
2. Summary of two main phases of B-cell development
3. Summary of last two main phases of B-cell development
 
Terminology for Examination

pro/pre/immature/mature/naïve/virgin/plasma/memory B cell, surrogate light chain, translocation/proto-oncogenes, clonal deletion, anergy, 

Chapter 5
The Development of T Lymphocytes
I. The Development of T cells in the Thymus

A. T cells develop in the thymus
1. Immature T cells are known as thymocytes
2. Remember, thymus is a primary lymphoid organ and does not act like a lymph node, etc.

3. By the age of 30, thymus atrophies and is not very productive

4. The architecture of the thymus allows for all the maturation processes

B. The two lineages of T cells arise from a common thymocyte progenitor

1. Lineage commitment to alpha/beta or gamma/delta T cells
2. Cells that fail to make productive rearrangements die by apoptosis and are phagocytosed by MO

C. Production of a T-cell receptor beta chain leads to cessation of beta-chain rearrangement and to expression of CD4 and CD8
1. Successful recombination of beta chain leads to double positive thymocytes

a. Unsucessful beta chain rearrangements can be rescued
2. T-cell receptor alpha chain genes can undergo several successive rearrangements
3. Cells expressing particular gamma/delta receptors arise first in embryonic development
II. Positive and Negative Selection of the T-cell repertoire

A. T-cells that can recognize self-MHC molecules are positively selected in the thymus

1. Bone marrow transplants display existence of positive selection
2. Bone marrow transplants MUST have HLA similarities or antigen cannot be presented
B. Positive selection controls expression of the CD4 or CD8 co-receptor
C. Rearrangement of the alpha-chain stops once a cell has been positively selected

D. T cells specific for self-antigens are removed in the thymus by negative selection

1. Dendritic cells in the cortico-medullary junction  display self-antigens
E. T-cells undergo further differentiation in secondary lymphoid tissues after encounter with antigen

F. T cells are involved in a variety of malignant diseases
1. Summary of positive and negative selection

a. Again, protein product determines start/stop of gene expression
Terminology for Examination

thymocytes, double negative/positive thymocytes, bare lymphocyte syndromes, thymic selection, postive/negative selection, mixed lymphocyte reaction, 
Chapter 6
T-Cell Mediated Immunity
I. Activation of Naive T cells on Encounter with Antigen

A. Naive T cells first encounter antigen in secondary lymphoid tissues
1. T cells circulate in the peripheral circulation

2. Enter lymph node across high endothelium venules in the cortex

3. Monitor antigen being presented by macrophages and dendritic cells
4. If they are not specific, they leave the lymph node and re-enter the circulation

5. Those that do bind specifically will proliferate and differentiate into effector cells

B. Homing of naive T cells to secondary lylmphoid tissues is determined by cell adhesion molecules
1. Other adhesion molecules help hold T-cell and APC together during monitoring

2. If the T-cell recognizes antigen, a conformational change in one of the adhesion molecules allows for prolonged interaction.

C. Activation of naive T cells requires a co-stimulatory signal delivered by a professional antigen-presenting cell

1. T-cell= CD28 and APC = B7

D. The three kinds of professional antigen-presenting cell present three kinds of antigen to naive T cells

1. 3 APC's reside in different regions of the lymph node
2. Macrophages have induced co-stimulatory molecules
3. Dendritics are potent APC's in lymphoid tissues
4. B cells find extracellular antigen and bind to the BCR.
5. Microbial components necessary for macrophage to induce costimulatory activity
E. When T cells are activated by antigen, signals from T cell receptors and co-receptors alter the pattern of gene transcription

1. Clustering of TCR and co-receptor initiates signaling
2. Easy diagram of cell signaling in a CD4 T cell to begin transcription
F. Proliferation and differentiation of activated T cells are driven by the cytokine interleukin-2
G. Antigen recognition by a naive T cell in the absence of co-stimulation leads to the T cell becoming non-responsive
1. Self-antigens are expressed on some cell surfaces but were not part of the repertoire of antigens in the thymus.  

2. The cells that express these antigens do not express B7

H. Activated CD4 T cells can differentiate in ways that favor either a humoral or a cell-mediated immune response
1. Th0 cells will differentiate into either Th1 or Th2 depending on correct antigen, cytokine signal, affinity of Th0 cell to MHC:peptide complex and more.

2. Feedback inhibition allows for a predominant Th1 or Th2 cell type
I. Naive CD8 T cells can be activated in different ways to become cytotoxic effector cells
II. The Properties and Functions of Effector T cells

A. Effector T cells can be stimulated by antigen in the absence of co-stimulatory signals

1. T clones doing there jobs can be activated without co-stimulation

2. Effector T cells are short-lived unless they interact with antigen

B. Effector T-cell functions are performed by cytokines and cytotoxins

1. Hematopietins and Interferons
2. Tumor necrosis factors and others
3. Cytokine receptors send signals to the nucleus to start transcription
4. Each T cell subset produces cytokines and other effector molecules
C. Cytotoxic CD8 T cells are selective and serial killers of target cells at sites of infection

1. CD8 T cells are able to release lytic granules directly at the cell of interest
2. CD8 T cells can kill more than one cell
D. Cytotoxic T cells kill their target cells by inducing apoptosis
1. Apoptosis from the release of perforins and granzymes

2. Apoptosis from cell-surface signalling via Fas-Fas ligand

E. Th1 CD4 cells induce macrophages to become activated
F. Th1 cells coordinate the host response to intravesicular pathogens
1. Granulomas form when macrophages are unable to rid themselves of intravesicular pathogens

G. CD4 Th2 cells activate only those B cells that recognize the same antigen as they do
1. Effective vaccines can be made when B and T cells recognize different parts of the same agent
2. Summary of APC's
3. Summary of T-cell effector functions
H. The CD45 antigen (T220 and B220 in mice) is a tyrosine phosphatase, also known as the leukocyte common antigen (LCA). CD45 is present on all human cells of hematopoietic origin, except erythroid cells, platelets and their precursor cells. 5 Isoform depending on the type of  exon the CD45, CD45RA and CD45RO, are members of CD45 family . CD45RA antigen is expressed on the naive T lymphocytes, and is present on approximately 50% of CD4+, and 75% of CD8+ T cells, as well as NK cells and B cells. CD45RO appears to represents a primed population of memory T lymphocytes. It reacts relatively more with CD4+ cells than CD8+ cells. It is also expressed on monocytes, macrophages, and granulocytes. T cell activation appears to be regulated by an interplay between protein tyrosine kinases (PTKs) and protein tyrosine phosphatases (PTPases). p56lck and p59fyn have been found to associate with CD4 and TCR-CD3 respectively. 
I. In T cells, the Src family kinases such  Lck, and Fyn, are molecules regulated by CD45 and in B cells the Src family kinases such as Lyn and Blk. In T cell and B cells, the phosphorylation of the ITAMS  is an intracellular signal that alerts the cell that the lymphocyte has detected it specific antigen. The ITAMs are immunocreceptor tyrosine bases motifs (ITAMS) composed of two tyrosine residues separated by amino acids. When ITAMS’s tyrosines are phosphorylated by the receptor associated tyrosine kinases, the ITAMS are now able to bind second family protein tyrosine kinases such as CD45 .  The second family protein kinases’ SH2 domains now have a high affinity for the ITAMs and this leads to further phosphorylation.

Terminology for Examination
addressins, integrins, homing, selectin, LAF-1/ICAMs, CD28, B7.1/.2, co-stimulators, co-receptors, professional antigen-presenting cell, Langerhans’ cell, adjuvants, ITAMs, ZAP-70, NFAT, NFkappaB, AP-1, Lck/Fyn, Th1/Th2, cell mediated immunity, autocrine/paracrine, interleukins, STATs, granzyme/perforin, necrosis/apoptosis, suppressor/regulatory CD4 T cells, 
