Immunology – Antigen Processing and Presentation 

T & B cell interactions

Antigen Processing and Presentation (Pg 156)

For a T – cell response to be elicited, the antigen must be degraded and presented to it. The processes are outlined below:

· Antigen presenting cells – are cells that bind antigen to their cell surface and present the antigen or part of it to elicit an immune response. These cells include: dendritic cells, B cells and macrophages. 

· The foreign antigen (usually a foreign protein) must be broken down into peptides and this has to bind to MHC molecules. There are two pathways for the break down process namely:

· Protein catabolism within acid vesicles

· Peptides formed this way will bind to newly synthesized MHC class II molecules

· Protein catabolism within the cytoplasm

· Peptides formed this way will bind to newly synthesized MHC class I molecules 

The processing of the antigen is first occurring when APC recognize antigen, internalize it and then break it down according to the above processes and re-express the antigen its cell surface to elicit an immune response. 

Processing of exogenous antigens by MHC class II pathway

The process is outlined below:

· Exogenous antigens are internalized. These antigens include: bacteria, viruses  and certain proteins. Internalisation is via endocytosis or phagocytosis.

· Once internalized the vesicle containing the antigen fuses with existing lysosomes. These lysosomes contain an array of degradative enzymes including proteases and peptidases. 

· Meanwhile, MHC class II alpha & beta chains are synthesized on ribosomes of the eER. Before the MHC class II molecule is released, it is associated with a molecule known as invariant chain and this interacts with the groove present on the MHC molecule. This prevents endogenous peptides from binding to that groove. 

· Whilst the MHC class II molecule travels in its pathway, the invariant chain is removed/degraded proteolytically leaving a small fragment known as CLIP, which still is bound to the groove region. 

· The vesicle containing antigen peptides (broken down earlier) now intersect with these MHC class II molecules and the CLIP is exchanged with the peptide derived from antigen breakdown. This is called peptide exchange. This complex now moves towards cell surface where it can interact with a CD4+ T cell have an appropriate receptor. Fig 8.4 of Pg 158 of Immunology textbook. 

Processing of endogenous antigens by MHC class I pathway

The process is outlined below:

· Endogenous antigens are processed via the MHC class I pathway. Endogenous meaning, they are generally synthesized intracellularly. Processing of such antigens occurs within cytosolic compartments rather than acid vesicles as witness in the MHC class II pathway. 

· For example: live virus enters cell, takes over host machinery and produces more viral antigens within the cell. This is the meaning of an endogenous antigen. 

· The antigen is then cleaved into peptides by a giant protein called proteasome. This cuts the peptides into 8-9 residues long and then it is transported into the ER by proteins formed from genes called TAP-1, TAP-2. Fig 8.5 of Pg160 of Immunology textbook. 

· The newly cleaved peptides then bind onto the MHC class I molecule’s peptide binding groove, and it so happens that the length of the residues is similar to the optimum length that peptide binding site will accommodate efficiently. This is called peptide loading. But before this occurs, the MHC class I molecule + beta2-microglobulin chains associate with chaperones, and these assist in the correct folding of the MHC class I molecule + beta2-microglobulin. 

· Once peptide loading occurs, the complex is then transported via golgi apparatus ( to the cell surface. Now it can interact with CD8+ T cell expressing the appropriate receptor. 

Main difference
Can you see that the pathway taken by the antigen processing process is paramount to the type of MHC class response taken. Therefore one antigen can trigger MHC class I or class II restricted responses. The former can be trigger if the antigen is picked up by an APC and the latter can be trigged if the virus infects a cell therefore processing occurs in the cytoplasm. 

Activation of a CD4+ T cells (or T helper cells)

The process is outlined below:

· The appropriate TCR will interact with the peptide bound to the MHC class II groove. This is necessary but is not the only source of T cell activation. T cell activation needs another stimulus. This is because of the low affinity between MHC class II molecules and TCR, and also to the low number of such interactions. The most important additional stimulatory factors include: coreceptor, CD4, binding to MHC class II, interactions of molecules known as costimulatory pairs and adhesion molecules. 

· The reason for all these interactions is to increase the contact time, and also increase the contact space therefore sustained intracellular signaling can occur to trigger an immunological response. 

· CD4-MHC class II
· The CD4 on the T cell interacts with invariable region of the MHC class II molecule ( enhancing the binding. What is believed to happen is when MHC class II – peptide complex binds to TCR, the CD4 moves closer to TCR. This is referred to as the 1st signal
· Costimulatory molecules
· This is required for full T cell activation. The most important is between B7 and its ligands CD28 and CTLA-4. 

· It is believed that costimulation is necessary to bring enzymes within the T cell to the site of interaction between TCR and APC. 

· Clonal expansion of T cells is only achieved if this costimulation is present. 

· Other adhesive interactions
· CD2, which is T cell specific, binds to CD58, which is expressed by many cells  ( this increases the binding between T cells and APC’s. 

· In addition LFA-1, which is not confined to T cells, binds to ICAM-1 on the APC. This also increases the binding between T cells and APC’s. 

The main point of all this is that T helper cells proliferate, secrete cytokines, and differentiate into memory T cells. They then migrate from site of activation – usually secondary lymphoid organs to the site of infection. 

Activation of T cytotoxic cells

The process is outlined below:

· The function of T cytotoxic or CD8+ T cells is to kill cells that have been infected by pathogens, such as bacteria and viruses. 

· As CD4+ T cells recognize MHC class II – peptide complex, CD8+ T cells recognize MHC class I – peptide complex. The recognition means, the cell that presents the foreign antigen will die.

· Like CD4+ T cells, CD8+ T cells (from here on referred to as cytotoxic T cells) need to be activated before they kill their target. 

· The major pathway for this is:

· Activated CD4+ T cells produce IL-2. This binds to IL-2 receptors on the cytotoxic T cells. 

· The virus infected cell (i.e.: APC) ( binds to the cytotoxic T cell by way of TCR and MHC class I – peptide complexes and costimulating factors. 

· This combination induces T cell proliferation and differentiation. 

· Other pathways exist but this is the main pathway. The other pathways do not require IL-2 produced by activated CD4+ T cells, therefore only require strong binding between APC’s and cytotoxic T cells. 

Killing of target cells by cytotoxic T cells

· Mechanism 1:
· Cytotoxic substances present inside cytotoxic T cells are mobilized towards the target membrane after target binds to cytotoxic T cells. Major constituents of granules containing toxic substances are perforin and granzymes. 

· Perforin punches holes into the target cell membrane leading to dead

· Granzyme passes into cells and triggers the apoptotic process. 

· Mechanism 2:
· The interaction of Fas ligand on the cytotoxic cell surface and Fas on the target cell activates the apoptosis of the target cell by activating proteolytic enzymes known as capsases. 

Activation of B cells 

The process is simplified below:

· Antigen binds to surface antibody expressed by B cell

· At the same time antigen is internalized and then broken down into peptides and peptide fragments are expressed on the cell surface. 

· This will stimulate the CD4+ T cell response, and activate such cells. This has been described in detail in the above sections. 

· The antigen binding and the secretion of cytokines by the CD4+ T cell causes B cell activation and proliferation and differentiation into plasma cells – which produce antibodies. The type of antibody produced is dependent on the nature of cytokine released by CD4+ T cells. 

· Functions of the antibodies produced:

· Neutralisation: inhibit toxic effects or infectivity of pathogen by directing binding to them

· Opsonization: Coat the pathogens, therefore increase ‘visibility’ of such cells to accessory phagocytes thereby enabling the killing process

· Complement activation: trigger the complement cascade, which enhances opsonization or can lead to direct killing of pathogens. 

