Vaccines:
Immunologic memory, the ability of the immune system to respond in a more rapid and effective manner to antigens that have been encountered previously, forms the theoretical basis for vaccination.  

Following viral expansion there is a dramatic expansion of CTL specific for the relevant virus.  Many of these cells die, but a fraction of them survive, go back to a resting state, and persist as memory CTL capable of responding rapidly to subsequent exposures to the same virus.  

In considering immunologic memory, it is important to note that clonal expansion is not the whole story.  Memory cells are also quantitatively different from their naïve counterparts.  They have different properties with respect to fine specificity, triggering requirements, tissue distribution and trafficking patterns and effector functions. 

For B cells, the structure of the antigen receptor itself provides clues to previous exposure to antigens.  While naïve B cells express surface IgM and IgD, memory B cells may express IgG or IgA and show evidence of having undergone somatic mutation.  This process occurs in a distinct microenvironment, the germinal center of the lymph nodes.  Somatic mutation occurs in a rapidly proliferating population of antigen-activated B cells in the germinal centers.  These cells are known as centroblasts.  Most of the cells produced by this proliferative process will die unless rescued by signals such as the crosslinking of surface Ig by antigen that is attached to FDC by Fcγ and complement receptors.  B cells whose receptors have mutated to form with higher affinity for antigen will have an increased chance of survival.  


Critical for this process may be the capacity of the B cells to take up antigen via surface Ig, process it, and present it to T cells leading to direct interactions of antigen specific B and T cells.  These interactions involve CD40L on activated CD4+ T cells and CD40 on B cells.  Antigen stimulated B cells will become memory cells or undergo terminal differentiation into plasma cells.
For T cells, the antigen receptors expressed by naïve and memory cells are the same, but the cells differ in the expression of a number of other surface molecules.  A variety of adhesion molecules are upregulated on memory T cell, while L-selectin is downregulated.  The most reliable marker for memory vs. naïve T cells is the expression of different isoforms of CD45, an integral membrane protein whole cytoplasmic domain has tyrosine phosphotase activity.  CD45 is known to play an important role in signaling through the T cell antigen receptor.  In CD45-negative T cell lines, cross linking of the T cell receptor does not induce turnover of PI derived 2° messengers or changes in intracellular Ca++.   At birth, most T cells express CD45RA.  This is characteristic of naïve T cells.  Following antigen driven activation, a different isoform, CD45RO, is expressed.


There are two other important differences b/t naïve and memory T cells. 1) the cells show different trafficking patterns.  Naïve cells can efficiently traffic from blood into the lymph nodes because of their expressions of L-selecting (CD62L), the lymph node homing receptor.  This protein interacts with a CHO ligand expressed on HEVs in the lymph nodes, allowing entry of circulating naïve cells into the lymph node.  Memory cells, by contrast, accumulate in the spleen and at sites of inflammation. 2) Naïve T cells produce IL2 upon activation while memory T cells produce a wide variety of cytokines.

Persistency of memory lymphocytes may be due to 1)long term survival of memory B and T cells in the absence of antigen stimulation. 2)restimulation of memory B and T cells by cross reacting environmental antigens or by cytokines. 3)restimulation of memory B and T cells by low levels of persistent antigen.

Persistent antigen is responsible for long term memory, except for in CTL, where for at least Cd8+ CTL, long term survival of memory cells may be possible in the absence of antigen

Vaccines for tetanus and diphtheria protect by inducing antibodies that react with and neutralize the relevant bacteria toxins that actually produce disease.  Vaccines for pneumoccoccus and influ, induce abs that react with the capsular polysaccharide and trigger Fc dependant effector function including uptake of phagocytic cells and in same cases, complement dependant lysis of the bacteria.

For viral infections, it is important to note that only antibodies can prevent initial infection.  CTL can only act on host cells once they are already infected.  

2 mechanisms by which abs mediate neutralization: 1)saturating binding that blocks attachment of the virus to host cell 2) induces some conformational change that prevents viral entry.

Many neutralizing antibodies to HIV-1 gp120 bind to a region of the molecule known as the V3 loop that is spatially separate from the CD4 binding site.  Abs to the V3 loop do not prevent attachment of the virus to CD4+ cells.  Instead they may neutralize by blocking some post-attachment step that is critical for fusion of the viral envelope with the plasma membrane of the host cell.

Live, attenuated vaccines.  These are typically produced by passaging virulent strains of the relavent organism in another species of in tissue culture until avirulent variants arise.  The resulting avirulent strains are used to infect recipients.  This form of vaccination typically induces long lasting protection.  

Advantages:    1) can induce high levels of immunity 




2) can be produced inexpensively by simply growing the strain




3) can be given orally, which eliminates the need for sterile injection equipment and has the further advantage that it induces mucosal immunity, resulting in the secretion of specific IgA abs into the alimentary tract.  This helps reduce the spread of infection.  


Disadvantages:  1) there is a possibility of reversion to a virulent form




   2) can produce serious and sometimes fatal disseminated infection in people who are immunodeficient.  

Subunit vaccine: involves the injection of individual components of the relevant microorganisms, components which will elicit a protective immune response.  It has a safety advantage but is dependant upon the ability to identify and to produce large amounts of the relevant component.
Inactivated whole organism vaccine is a third approach which has been successful in polio, influ, and pertussis.

Newer strategies for the development of vaccines take advantage of current knowledge about mechanisms of antigen presentation and memory cell generation.  One appraoach is the use of established vaccine vectors to express genes from another pathogen via homologous recombination.  One advantage of this approach over immunization with purified recombinant envelope protein is that the vaccine vector  approach allows the generation of CD8+ CTL.  The vaccine vectors infect host cells which express the relevant foreign genes in the cytoplasm of the cells, enabling processing for association with class I MHC gene products and induction of CD8+ CTL response

Another approach involved the direct injection of DNA encoding genes from the relevant pathogens.  The DNA is expressed by host cells, leading to syn of the relevant protein.  Injection of naked DNA encoding influenza virus neucloprotein has been shown to elicit CTL responses.

Vaccines for Cancer:

Tumor cells are similar to virus infected cells in that they express altered proteins that can be recognized by the host’s immune system as foreign.  These proteins derive from genetic alterations that occur during the transformations from normal tissue to malignancy. These proteins can potentially provide an neo-epitope recognizable by CTL.  CTL have been isolated from both mice and humans that recognize antigens from each of these categories of genetic alterations that are expressed by tumors.  In addition, these T cells can recognize and lyse autologous tumor cells in vitro that are known to express these antigens.  

Why does the immune system often fail to eradicate tumors that arise de novo? One suggestions is that antigen specific MHC class I restricted CD*+ CTL are present, but fail to receive adequate help from CD4+ T cells (IL2 signaling).

How can you better activate a specific antitumor immune response or enhance the immunogenicity of the tumor?  1) you can enhance the presentation of antigen to T cells.  This mechanism implies an increase in peptide-MHC density at the site of activation of T cells.  It is assumed that increasing the density of peptide-MHC ligand will enhance the crosslinking of the appropriate T cell receptors on antigen-specific T cells.  2) enhancement of co-stimulation.  This mechanism takes into account the fact that T cells require other co-stimulatory signals in addition to engagement of the T cell receptor in order to become efficiently activated.  Co-stimulatory signals may be either membrane bound ligands such as the B7.1/2 or soluble mediators such as cytokines.  Tumors transduced with cytokines GM-CSF produced ↑ in systemic immunity relative to irradiated non-transduced tumor cells.  GM-CSF is a growth factor for the most potents APC, DCs.  

Antigen presentation can occur either directly by the tumor cell, or indirectly via professional APCs such as DCs.  Recruitment of the APCs appears to be more efficient in activating potent systemic immunity since it provides a mechanism by which to activate both CD4+ and CD8+ effector cells.

Future cancer vaccines will be composed of recombinant antigens in the form of proteins or genes that encode for proteins.  There are three main requirements for the successful design of recombinant vaccine strategies that target specific antigens expressed by tumors.  1) identification of common T cell antigenic targets that are expressed by the majority of patient tumors 2) the demonstation that a single antigen can serve as an in vivo tumor rejection target.  Host can successfully eradicate tumor when the predominant T cell response generated is against one of several antigens expressed by the tumor population.  3) the development of recombinant vaccine strategies that can successfully generate antigen specific immunity.

Identification of tumor antigens: Tumor antigens fall into three main categories: 1) genes that are silent in normal cells but are reactivated in the tumor cell 2) tissue associated antigens in which the tumor cell overexpresses a normal tissue specific gene relative to the normal cell from which the tumor derives. 3) the products of a mutant gene.

Peptide-peptide based vaccines:  Exp using peptide antigens which have been treated in such a way that they target both the MHC1 and MHCII antigen pathways.  The advantage to such an approach is that it removes the safety concerns associated with live recombinant vaccines or DNA vectors.  Peptide based vaccine strategies usually involve pulsing an APC with either the whole protein or a peptide fragment that binds to MHC I or II.  Whole proteins require uptake and processing by the APC for presentation whereas the peptide fragments can bind directly to the cell surface MHC molecules.  These pulsed cells are then given back to the host as an injection.
DNA vector strategies involve cloning the tumor antigen directly into a particular vecor.  This vector can then be delivered as it to the host, or can be further modified to also carry costimulatory molecules such as B7.1/.2 or cytokines, and/or targeting sequences such as LAMP-1 which deliver the antigen to particular antigen processing pathways once the vector enters the target cell.    

