Immunology – Development and Selection of T & B cell
T lymphocyte ontogeny (Pg 175)
The process is outlined below:

· Immature T cells trickle through the network of non-lymphoid cells found in the thymus stroma. The first set of cells are located in the thymic cortex, and then the thymic medulla. These non-lymphoid cells provide crucial cell to cell interactions that is to do with the maturation process of a T cell. 
· The TCR receptor genes are first rearranged. If the genes can be transcribed and translated into polypeptides, then TCR gene rearrangement is not necessary. Thymic selection is the next major step. At this step: the thymocyte expresses CD4+CD8+ T cells. 
· Thymic selection: The TCR of the CD4+CD8+ T cell interacts with the MHC molecules on the surface of thymic cortical cells. If a T cell does not make this interaction, then it dies by apoptosis. This is called positive selection. That is, cells that are undergo positive interaction with MHC molecules of epithelial thymic cells will be sustained and will move onto the next stage. The other non-binding cells will die. This means that for the rest of the T cell’s life, it will only respond to antigen bound to the same MHC molecule that it bound to during positive selection. This is known as MHC-restriction of T-cell responses. 
· To prevent the T cells from responding to self antigens, another step called negative selection occurs. This occurs during interaction with inter-digitating dendritic cells (IDC) at the corticomedullary junction of the thymus. Peptides derived from self antigens are expressed on IDC MHC class I & II molecules. Now the TCR, CD4, CD8 on CD4+CD8+ T cells interact with these MHC molecules. If a T cell reacts too heavily with the MHC-peptide complex presented on the IDC cells, then this T cell will react to self-antigens and thus will be removed by negative selection (i.e.: apoptosis). Thus, function of negative selection is to remove T cells that respond with affinity to self antigens. The remaining (not so highly affinity) CD4+CD8+ T cells are mature T lymphocytes.
The above process is clearly highlighted in Fig: 9.5 & Fig: 9.6. 

B lymphocyte ontogeny 

The process if outlined below:

· B cells arise from haemotopoeitic stem cells that commit to the B cell lineage in response to cytokines & cell interactions within environment. (Refer to 1st page of appropriate lecture for clear diagram). 
· Earliest recognizable B cell is pro-B cell, immunoglobulin heavy chain gene rearrangement takes place. 
· The next stage is the pre-B cell, produces u chains from VDJCu gene unit – and this is expressed on cell surface in association with light surrogate chains. The pre-B cell expresses the surrogate light chains + u chain in association with CD79a+b and this is known as pre-B-cell receptor. The B cell now undergoes positive selection (a process of differentiation). 
· Then surrogate light chain synthesis is shut down, IgM molecule is formed (don’t worry about details here) – expressed on cell surface – cell now known as immature B cell. 

· Negative selection: is the next process. This is when immature B cells interact with self molecules which results in the inactivation or deletion of cells with potential reactivity to self. Self tolerance is maintained. (Remember this occurs in T lymphocyte maturation as well – similar process). 

· The next step is the expression of IgM and IgD on the cell’s surface. This is now referred to as a mature B cell. Further development of B cell occurs outside the bone marrow – usually with antigen exposure. 
Complement Cascade

This is not required to be learnt but each process must be understood. There is little chain this will be featured in the exam. Other immunological topics are much more important and valuable. I suggest you read this through and don’t bother too much about it. 

The main concepts are outlined below:

· Definition of “complement”: System of factors occurring in serum and are activated via antigen-antibody complexes and responsible for mediation of host defense, inflammatory, homeostatic and immune reactions. 
· Complement activation:
· Two main pathways: classical and alternate pathway
· A new pathway has been added but this is not required to be learnt (basically involves bypassing C1 activation step)
· Complement activation is a three step process:
· 1. recognition

· 2. enzyme activation

· 3. expression of biologica activities

· Classical Pathway:
· Initiated when C1 binds to antigen-antibody complex
· C1q binds to C1q receptor on Fc region, binding activates C1r which activates C1s and the cascade is now underway. 
· C1s (activated) cleaves C4 to form ( C4a & C4b, now C4b binds to surface of activating substance and C2 is cleaved by C1s. C2 ( C2a and this is bound to C4b ( now known as C4b2b complex (activated) or C3 convertase. 
· This enzyme cleaves C3 ( C3a & C3b. C3b attaches to target membrane (i.e. membrane of antigen) and also forms another new complex with C4b2a to form ( C4b2b3b complex (known as C5 convertase). Get the pattern?

· This new enzyme splits C5 ( C5a & C5b, C5a released into circulation, C5b binds to C6 & C7 to form ( C5b67 (activated) ( inserts into target membrane. 

· C9 polymerises into 14 monomers, increase in number of transmembrane channels within target membrane (literally punches holes), 
osmotic disequilibrium, leakage and lysis of target antigen

· Alternate Pathway:
· Requires pre-formed C3b for this pathway to be initiated. 
· C3b combines with proactivator B (i.e.: binds more efficiently to B) ( reason for this is because factor D can only cleave B when it is bound to C3b. Now we have C3bBb (i.e.: after proactivator D cleaves B) ( called C3 convertase (alternate pathway form). ]

· This new enzyme converts C3 ( C3a & C3b, C3b combines with enzyme to form C3bBb3b ( called C5 convertase. 

· From here same pathway as classical pathway. 

· Terminal Pathway:
· C5 cleaved to form ( C5a & C5b. C5a is has strong chemotactic influence and C5b forms nucleus for formation of membrane attack complexes (MAC ( helps in lysis of antigen). 
· C6 binds to C5b, and so does C7 forming ( C5b67 – this inserts into membrane ( C8 binds to this complex ( allows deeper penetration into membrane bilipid layer

· This new complex helps act as C9 receptor ( binding allows even deeper penetration into membrane. More C9 interacts with this C9 already complexed. 
· The membrane surrounding the place where MAC is being assembled is unstable, osmotic disquilibrium results and osmotic lysis occurs. The reason for the unstability is due to deeper penetration upon C9 binding. 
· S protein serves as controls for innocent bystander lysis during above lysis process. 

Biologic activities of complement

The main activities are described below in summary form:

· Main function is to kill invading microorganisms directly or to enhance ingestion and killing by phagocytic cells. 
· Has ability to neutralize viruses. It can act as opsonin, lead to lysis of virion – also blocks virus ability to enter into host cells but interfering its ability to interact with host cell membrane. 

· They control formation and clearance of immune complexes. That is, if antigen – antibody complexes form  - they must be cleared otherwise it is detrimental for such insoluble complexes to form within the host tissues ( cause inflammation and damage to host tissues. 

· Anaphylotoxins: the anaphylatoxin fragments of C3 & C5, C3a & C5a – induce contraction of ileal, bronchial, uterine and vascular smooth muscle, also leads to histamine release from mast cells near site of inflammation. 
Regulation of complement activation

· Includes:

· Fluid phase protein factors H and C4bp, also cell surface proteins decay accelerating factor (DAF), membrane cofactor protein (MCP) & complement receptors 1 & 2 (CR1, CR2). 

· Some of these are synthesized by liver, macrophages, monocytes, intestinal epithelial cells. 

