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Major Histocompatibility Complex Molecules 

              The major histocompatibility complex (MHC) is a collection of genes 

coding for MHC molecules found on the surface of all nucleated cells of the body. 

In humans, the MHC genes are also referred to as human leukocyte antigen (HLA) 

genes. Mature red blood cells, which lack a nucleus, are the only cells that do not 

express MHC molecules on their surface. 

There are two classes of MHC molecules involved in adaptive immunity 

 MHC I and MHC II.  

MHC I molecules are found on all nucleated cells; they present normal self-antigens 

as well as abnormal or nonself pathogens to the effector T cells involved in cellular 

immunity. In contrast,  

MHC II molecules are only found on macrophages, dendritic cells, and B cells; they 

present abnormal or nonself pathogen antigens for the initial activation of T cells. 

Structure of MHC  

Both types of MHC molecules are transmembrane glycoproteins that assemble as 

dimers in the cytoplasmic membrane of cells, but their structures are quite different.  

1-MHC I molecules :- The molecule 

         Class I MHC molecules are composed of two polypeptide chains, a long α 

chain and a short β chain called β2-microglobulin (figure 2).  The α chain has 

four regions.   
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 A cytoplasmic region, containing sites for phosphoylation and binding 

to cytoskeletal elements.   

 A transmembrane region containing hydrophic amino acids by which 

the molecule is anchored in the cell membrane. 

 A highly conserved α3 immunoglubilin-like domain to which CD8 

binds.   

 A highly polymorphic peptide binding region formed from the α1 and 

α2 domains.  The β2- microglobulin associates with the α chain and 

helps maintain the proper conformation of the molecule.  

 Within the MHC there are 6 genes that encode class I molecules HLA-A, HLA 

–B, HLA-C, HLA-E, HLA-F and HLA-G.  Among these HLA-A, HLA –B, 

and HLA-C are the most important and are most polymorphic.  Table 1 shows 

the degree of polymorphism at each of these loci. 

  

2-MHC II molecules Class II MHC molecules are composed of two polypeptide 

chains an α and a β chain of approximately equal length (Figure 6). Both chains have 

four regions:  

 A cytoplasmic region containing sites for phosphoylation and binding 

to cytoskeletal elements 

 A transmembrane region containing hydrophic amino acids by which 

the molecule is anchored in the cell membrane 

 A highly conserved α2 domain and a highly conserved β2 domain to 

which CD4 binds 
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A highly polymorphic peptide binding region formed from the α1 and β1 domains

 

                 FIGURE (1) Compare the structures of the MHC I and MHC II molecules. 
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Antigen-Presenting Cells (APCs) 

           All nucleated cells in the body have mechanisms for processing and 

presenting antigens in association with MHC molecules. This signals the immune 

system, indicating whether the cell is normal and healthy or infected with an 

intracellular pathogen. However, only macrophages, dendritic cells, and B cells have 

the ability to present antigens specifically for the purpose of activating T cells; for 

this reason, these types of cells are sometimes referred to as antigen-presenting cells 

(APCs). 

While all APCs play a similar role in adaptive immunity, there are some important 

differences to consider.  

Macrophages and dendritic cells are phagocytes that ingest and kill pathogens that 

penetrate the first-line barriers (i.e., skin and mucous membranes).  

Antigen Presentation with MHC II Molecules 

MHC II molecules are only found on the surface of APCs. Macrophages and 

dendritic cells use similar mechanisms for processing and presentation of antigens 

and their epitopes in association with MHC II.  

After a dendritic cell recognizes and attaches to a pathogen cell, the pathogen is 

internalized by phagocytosis and is initially contained within a phagosome. 

Lysosomes containing antimicrobial enzymes and chemicals fuse with the 

phagosome to create a phagolysosome, where degradation of the pathogen for 

antigen processing begins. Proteases (protein-degrading) are especially important in 

antigen processing because only protein antigen epitopes are presented to T cells by 

MHC II (2) 
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APCs do not present all possible epitopes to T cells; only a selection of the most 

antigenic or immunodominantepitopes are presented. The mechanism by which 

epitopes are selected for processing and presentation by an APC is complicated and 

not well understood; however, once the most antigenic, immunodominant epitopes 

have been processed, they associate within the antigen-binding cleft of MHC II 

molecules and are translocated to the cell surface of the dendritic cell for presentation 

to T cells. 

Figure 2Adendritic cell phagocytoses a bacterial cell and brings it into a phagosome. 
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Lysosomes fuse with the phagosome to create a phagolysosome, where 

antimicrobial chemicals and enzymes degrade the bacterial cell. Proteases process 

bacterial antigens, and the most antigenic epitopes are selected and presented on the 

cell’s surface in conjunction with MHC II molecules. T cells recognize the presented 

antigens and are thus activated. 

Antigen Presentation with MHC I Molecules 

MHC I molecules, found on all normal, healthy, nucleated cells, signal to the 

immune system that the cell is a normal “self” cell. In a healthy cell, proteins 

normally found in the cytoplasm are degraded by proteasomes (enzyme complexes 

responsible for degradation and processing of proteins) and processed into self-

antigen epitopes; these self-antigen epitopes bind within the MHC I antigen-binding 

cleft and are then presented on the cell surface. Immune cells, such as NK cells, 

recognize these self-antigens and do not target the cell for destruction.  

 

Key Concepts and Summary 

 Major histocompatibility complex (MHC) is a collection of genes coding 

for glycoprotein molecules expressed on the surface of all nucleated cells. 

 MHC I molecules are expressed on all nucleated cells and are essential for 

presentation of normal “self” antigens. Cells that become infected by 

intracellular pathogens can present foreign antigens on MHC I as well, 

marking the infected cell for destruction. 
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 MHC II molecules are expressed only on the surface of antigen-presenting 

cells (macrophages, dendritic cells, and B cells). Antigen presentation with 

MHC II is essential for the activation of T cells. 

 Antigen-presenting cells (APCs) primarily ingest pathogens by 

phagocytosis, destroy them in the phagolysosomes, process the protein 

antigens, and select the most antigenic/immunodominant epitopes with MHC 

II for presentation to T cells. 

 Cross-presentation is a mechanism of antigen presentation and T-cell 

activation used by dendritic cells not directly infected by the pathogen; it 

involves phagocytosis of the pathogen but presentation on MHC I rather than 

MHC II. 

 


