T CELLS AND PSYCHONEUROIMMUNOLOGY

“The immune system is a 6th sense organ.”

T cells have receptors for a very wide variety of neuropeptides and hormones, such as the endorphins, which can affect T-cell function in various ways.

T cells also have the ability to synthesize endorphins, ACTH (adrenocorticotrophic hormone) and other important neuropeptides.

The T-cell, but not the B-cell, regions of the spleen and lymph nodes have nerve fibers connecting them to the CNS.

    Question:  How might these factors be related to psychoneuroimmunology?

AUTOIMMUNE DISEASE

PROBLEM: since the billion different possible receptors on T cells or B cells are generated by RANDOM REARRANGEMENT, some of them can be expected to recognize antigens on your OWN TISSUES.

SOLUTION: self-reactive cells are generally destroyed while they are immature, leading to tolerance for self antigens.

 MECHANISM:

For T cells -- in the thymus (about a 5-day window):  
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Thus, most of the cells that would recognize self antigens are destroyed while still in the thymus.   

     QUESTION: What fraction of the T cells is this likely to be?


0.1 %       5 %      50%

(Self-antigen-reactive B cells go through a similar process of destruction or inactivation.  Remember that there are about a billion different possible B-cell receptors, each able to recognize some specific antigen shape when they encounter it!!)

ANTIGEN PRESENTATION TO T CELLS VERSUS B CELLS:

     B cells can react to an exposed part of an entire native protein that is just the right shape, such as the surface proteins of an intact virus or bacterium, or even to a surface-bound molecule like a particular sugar – a common part of the surfaces of bacteria.








  (Fig. 13.11)

     T cells respond instead to fragments of protein that have been processed by macrophages or other antigen presenting cells.                                                

To activate the helper T cells:





   (Fig. 13.7) 

1. The protein antigen is taken up by the macrophage in a vesicle.

2. That vesicle fuses with a lysozome and the protein is digested by enzymes into fairly short polypeptides.

3. This lysozome fuses with a vesicle containing class I majorhistocompatability complex (MHC) proteins.
4. Some of the polypeptide fragments bind into a special groove on the MHC molecule.

5. This vesicle containing MHC-polypeptide complexes fuses with the surface, thus displaying the polypeptides on the outer surface of the macrophage.

6.  The macrophage thus is displaying samples of all of the antigens it has encountered.  It bumps into various inactive helper T cells, and sticks if it finds one whose receptors have a shape that complements a particular peptide bound in its MHC groove.     






       



  (Fig. 13.9)
7. The CD4 molecules on the helper T cell help bind the 2 cells together (Fig. 13.8)
8. The macrophage secretes interleukin 1 directly toward the bound helper T cell, which is activated and released.  It then multiplies, and a few of its daughers form memory cells, while most secrete interleukin-2 that can help activate killer (cytotoxic) T cells and other lymphokines that can activate B cells.
9. B cells react much more strongly to antigens if they are stimulated by these lymphokines and certain other cytokines..

           Question: What does it mean that they “react much more strongly”?


While only the antigen-presenting cells have MHC class II molecules, virtually all of the cells of your body have MHC class I molecules on their surfaces.  They are clearly not there just to block organ transplants.  When killer T cells scan passing cells to decide if they are “self” or “foreign”, they look particularly at their MHC molecules.  The MHC molecules also have a special knack of binding to viral protein fragments; this helps any killer T cell that has a receptor that can bind to some part of that viral protein find it among all of the many proteins in the membrane.  The killer T lymphocyte then uses its CD-8 molecules to anchor the 2 cells more tightly together while it puts holes into the membrane of the infected cell and thus destroys it.






(Fig. 13.10)

(VIDEO CLIP – 

from Howard Hughes Foundation Lectures on The Immune System: Friend and Foe) 

IMPORTANCE OF THE VARIABILITY/MANY ALLELES OF MHC MOLECULES

When one tries to map the genes involved in susceptibility to certain diseases like juvenile onset diabetes and schizophrenia, many of them turn out to map, surprisingly,  in the MHC complex.

Model:  Some viruses have evolved in such a way as to be able to fool people with certain MHCI genotypes and not have any of their peptides appear on the surface in a form that will stimulate lysis by cytotoxic T cells.

For juvenile-onset diabetes:

The death of most or all of the insulin-secreting cells of the pancreas can be the result of attack by such a virus in people who have the wrong/susceptible MHC genes.

This correlation has been well established; it is less clear with diseases like schizophrenia what the MHC contribution might be, or just where the genetics or a possible virus infection come in for MS – which may be more related to environmental toxic factors. 

