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Humeral Immunity 
The production of antibody involves three distinct phases: 

Induction phase: Ag reacts with specific T and B cells
Expansion and Differentiation phase: Induced lymphocyte clones proliferate and mature to a functional stage (i.e. Ag receptor cells mature to Ag effector cells)
Effector phase: Abs or T cells exert biological effects either:

1. Independently or 

2. Through the action of macrophages, complement, other non-specific agents

ANTIGEN PRESENTING CELLS (APCs)  

Induction of the humoral immune response begins with the recognition of antigen. Through a process of clonal selection, specific B-cells are stimulated to proliferate and differentiate. However, this process requires the intervention of specific T-cells that are themselves stimulated to produce lymphokines that are responsible for activation of the antigen-induced B-cells. In other words, B cells recognize antigen via immunoglobulin receptors on their surface but are unable to proliferate and differentiate unless prompted by the action of T-cell lymphokines. In order for the T-cells to become stimulated to release lymphokines, they must also recognize specific antigen. However, while T-cells recognize antigen via their T-cell receptors, they can only do so in the context of the MHC molecules. This "antigen-presentation" is the responsibility of the antigen-presenting cells (APCs). 

 Several types of cells may serve the APC function. Perhaps the best APC is, in fact, the B-cell itself. When B-cells bind antigen, the antigen becomes internalized, processed and expressed on the surface of the B-cell. Expression occurs within the class II MHC molecule, which can then be recognized by T-helper cells (CD4+).. 

Other types of antigen-presenting cells include the macrophage and dendritic cells. These cells either actively phagocytose or pinocytose foreign antigens. The antigens are then processed in a manner similar to that observed for the B-cells. Next, specific antigen epitopes are expressed on the macrophage or dendritic cell surface. Again, this expression occurs within the class II MHC molecule, where T-cell recognition occurs. The stimulated T-cells then release lymphokines that act upon "primed" B-cells (B-cells that have already encountered antigen), inducing B-cell proliferation and differention 
The antigen-dependent stages of B-lymphocyte differentiation occur in the spleen, lymph nodes and other peripheral tissue. These stages are, of course, initiated upon encounter with antigen and activation by T-cell lymphokines. The activated B-cell first develops into a B-lymphoblast, becoming much larger and shedding all surface immunoglobulin. The B-lymphoblast then develops into a plasma cell, which is, in essence, an antibody factory. This terminal differentiation stage is responsible for production of primarily IgM antibody during the "primary response". Some B-cells, however, do not differentiate into plasma cells. Instead, these cells undergo secondary DNA rearrangements that place the constant region of the IgG, IgA orIgE genes in conjunction with the VDJ genes. This "class switch" establishes the phenotype of these newly differentiated B-cells; these cells remain as long-lived "memory cells". Upon subsequent encounter with antigen, these cells respond very quickly to produce large amounts of IgG, IgA or IgE antibody, generating the "secondary response". 
REGULATION OF THE HUMORAL RESPONSE
	Regulation of the immune response is possibly mediated in several ways. First, a specific group of T-cells, suppressor T-cells, are thought to be involved in turning down the immune response. Like helper T-cells, suppressor T-cells are stimulated by antigen but instead of releasing lymphokines that activate B-cells (and other cells), suppressor T-cells release factors that suppress the B-cell response. While immunosuppression is not completely understood, it appears to be more complicated than the activation pathway, possibly involving additional cells in the overall pathway.
	


Cell Mediated Immunity
The second arm of the immune response is refered to as Cell Mediated Immunity (CMIR). As the name implies, the functional "effectors" of this response are various immune cells. These functions include: 

· Phagocytosis and killing of intracellular pathogens 

· Direct cell killing by cytotoxic T cells 

· Direct cell killing by NK and K cells 

These responses are especially important for destroying intracellular bacteria, eliminating viral infections and destroying tumor cells. 

MACROPHAGE ACTIVATION 

While the production of antibody through the humoral immune response can effectively lead to the elimination of a variety of pathogens, bacteria that have evolved to invade and multiply within phagocytic cells of the immune response pose a different threat. The following graphics illustrate this dilemma: 



	Extracellular microorganisms
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	Non-encapsulated microorganisms are easily phagocytosed and killed within macrophages.
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	Encapsulated microorganisms require the production of antibody in order to be effectively phagocytosed. Once engulfed, however, they are easily killed.
	

	Intracellular microorganisms
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	Intracellular microorganisms elicit the production of antibody, which allows effective phagocytosis. Once engulfed, however, they survive within the phagocyte and eventually kill it.
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	IFN
TNF
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	Intracellular microorganisms also activate specific T-cells, which then release lymphokines (e.g. IFN, TNF) that cause macrophage activation. Activated ("killer") macrophages are then very effective at destroying the intracellular pathogens.
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CELL MEDIATED CYTOTOXICITY 

The second half of the cell-mediated immune response is involved in rejection of foreign grafts and the elimination of tumors and virus-infected cells. The effector cells involved in these processes are cytotoxic T-lymphocytes (CTLs), NK-cells and K-cells. Each of these effector cells recognizes their target by different means, described below. 

Cytotoxic T-lymphocytes
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CTLs, like other T-cells are both antigen and MHC-restricted. That is, CTLs require i) recognition of a specific antigenic determinant and ii) recognition of "self" MHC (Click here to review these requirements). Briefly, CTLs recognize antigen via their T-cell receptor. This receptor makes specific contacts with the antigenic determinant and the target cell's class I MHC molecule. CTLs also express CD8, which may assist the antigen recognition process. Once recognition is successful, the CTL "programs" the target cell for self-destruction. This process is thought to occur in one of several possible ways. First, CTLs may release a substance known as perforin in the space between the CTL and its target. In the presence of calcium ions, the perforin polymerizes, forming channels in the target cell's membrane. These channels may cause the target cell to lyse. Second, the CTL may also release various enzymes that pass through the polyperforin channels, causing target cell damage. Third, the CTL may release lymphokines and/or cytokines that interact with specific receptors on the target cell surface, causing internal responses that lead to destruction of the target cell. CTLs principally act to eliminate endogenous antigens.
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