Immunology – MHC
Major Histo-compatibility Complex 

We now that antibodies exist in the blood and serum and these help neutralize antigens circulating in the blood stream. What happens if the antigen invades the cell? T cells have evolved to deal with such situations. The antigen will interact with the TCR on the surface of T cells. This is ONLY achieved when a piece of the antigen is bound to MHC. The part of the antigen that binds is peptide. The MHC molecules will only bind to specific proteins, hence it is selective. 
Functions of MHC:
· Self recognition 
· Controlling immunological cell interactions

· Disease susceptibility

MHC: There are many glycoproteins expressed on all nucleated cell surfaces that identify that cell as belonging to self. It is unique to that individual. There is more than one MHC expressed on any one cell’s surface. 
MHC genes and products
In a T cell response, there are two major sets of MHC genes and products involved, namely: MHC class I and MHC class II. Chromosome 6 contains the human MHC region known as HLA (human leukocyte antigen). It is referred to as a “complex” because the genes are closely linked and inherited as a whole (known as a haplotype). 
There are three independent human MHC class I genes and they produce cell surface products namely: HLA-A, HLA-B, HLA-C. The products of MHC class II genes is as follows: HLA-DP, HLA-DQ, HLA-DR each with a alpha and beta chain (i.e. Fig 8.1 of Immunology Book). 
Genetic Polymorphism 

A key point is that different individuals within a species can have slightly different forms, called alleles. For example, at a single MHC class I/II locus, the genes present can be different among individuals. This phenomenon of having multiple stable forms of the same gene is called GENETIC POLYMORPHISM. 
The whole point of this is to prevent two individuals to express the same MHC molecules on their cell surface. This is important for tissue rejection and detecting antigens. For example, tissue from one individual will be rejected when transplanted to another individual because they each have different self recognition molecules, i.e: different MHC molecules. 

Co dominant expression

Each cell will have codominant expression its MHC class I/II molecules. That is, they will express MHC molecules transcribed from the paternal chromosome and that transcribed from the maternal chromosome. 
Expression of MHC molecules

MHC 1 expressed on cell surface of all nucleated cells 
MHC 11 expressed on cell surface of APC (i.e.: macrophages, dendritic cells and B cells). 

Structure of MHC class I molecule
We know that MHC class I gene will express three different products namely: HLA-A, HLA-B, HLA-C. The structure of MHC class I molecule is described below:
· Each MHC class I gene codes for glycoprotein of weight: 43kDa and is called alpha chain
· 3 extra cellular domains make up this alpha chain namely: alpha 1, alpha 2, and alpha 3.

· Each MHC class I molecule is expressed in association with beta2 – microglobulin (coded for by another chromosome), which is a small peptide. Thus in total we have a complex featuring MHC class I and beta2-microglobulin. 
· Research proves that MHC class I molecules have a non-variant region (i.e.: most MHC class I molecules have same sequence) and a variant region. Called a nonpolymorphic or invariant region / polymorphic or variant region. 
· CD8 (part of TCR) binds to invariant region of all MHC class I molecules. 

· The furthest part of MHC from cell membrane has groove called: peptide binding groove. It is between domains alpha 1 and alpha 2. 

· The flow of the binding cleft is formed by 8 beta-pleated sheets and sides made up of alpha chains. When different MHC class I molecules are concerned, it is this cleft where most of the amino acid changes occur. The shape and size of these clefts will determine what type of peptide will bind to them. (Immunology Page 152)
I think this is the detail we need to go into at this stage

Structure of MHC class II molecule

Like MHC class I molecules, these molecules are transmembrane glycoproteins. There are four domains referred to as: alpha 1, alpha 2, beta 1, beta 2. Chains are approximately 35kDa and 28kDa.
· Also comprise variable or polymorphic regions / invariable or non-polymorphic regions. 
· T cell molecule CD4 binds to invariant region of all MHC class II molecules. 

· Like MHC class I molecule, we have a peptide binding cleft at the top of the molecule with structure analogous to MHC class I molecule

· The cleft, in this case, is formed by interactions between differing chains namely: alpha I, beta I. 
· The floor comprises of 8-pleated sheets, alpha 1 contributing 4, and beta 1 contributing 4. (Immunology Pg 155). The wall is provided by helical structures of alpha 1, and beta 1 separately. Can you see the differences between MHC class I and class II molecules in terms of the their structures?

MHC restriction

An experimental explanation is helpful in understanding this concept:
· You inject a mouse with virus

· Normal fibroblasts are not killed because they lack viral antigen. That is, MHC class I does not bind any viral antigen peptide, hence T cells don’t recognize this and do not illicit an immune response

· Fibroblasts infected with virus will present antigen (or part of  - i.e. peptide) in the MHC class I peptide binding cleft and hence T cells with same MHC class will act and kill these viral infected cells. 

· Normal Fibroblasts from different mouse expressing different MHC class molecules will not be affected because they are normal and free of virus

· Infected Fibroblasts from different mouse expressing different MHC class molecules will not be affected because, even though they are not normal, they express a different MHC class molecule (i.e.: an allele). 

Thus what MHC restriction teaches us is that:
· For killing of antigen to occur by T cells, the T cells in question and the antigen presenting cell must have same MHC class molecules. 
