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 George Snell - a group of closely related genes, named the major 
histocompatibility complex (MHC) 

 Jean Dausset  - MHC in humans – chromosome 6 - the human leukocyte 
antigen (HLA)  

  Baruj Benacerraf - genetic factors determine an individual’s immune 
response / immunological memory 
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1980 Nobel Prize in Physiology or Medicine  - for their independent 
discoveries of  

“genetically determined structures on the cell surface that regulate 
immunological reactions” 

 



MHC molecules are membrane proteins on APCs 
that display peptide antigens for recognition by 

T lymphocytes 

  

 In all mammals, the MHC locus contains two sets of 
highly polymorphic genes, called the class I and class 
II MHC genes 

  The MHC locus contains many non-polymorphic 
genes, some of which code for proteins involved in 
antigen presentation 

 



Genes of the major histocompatibility complex 
(MHC) locus 

 



Class I MHC Molecules 

  consists of an α chain noncovalently associated with a protein 
called β2-microglobulin  

  α chain consists of three  
extracellular domains, short transmembrane and cytoplasmic 
domains 
 
 
 
 
 
 
   α1 and α2 domains form a  
peptide-binding cleft, or groove 
  The α3 domain is invariant and  
binds the CD8 T cell co-receptor 



Class II MHC Molecules 
  consists of two transmembrane chains, called α and β 

  the amino-terminal regions of both chains, α1 and β1 
domains, contain polymorphic residues 

  the non-polymorphic α2 and β2 domains contain the binding 
site for the CD4 T cell co-receptor. 



Properties of MHC molecules and genes 

 



 Properties of MHC molecules and genes 

 



 Extracellular proteins that are internalized by specialized APCs, 
processed and displayed by class II MHC molecules  

  Proteins in the cytosol of any nucleated cell are processed and 
displayed by class I MHC molecules 

 



Intracellular processing of protein antigens – three steps: 
1. internalization of the antigen 
2. proteolysis in endocytic vesicles 
3. association of peptides with class II molecules  



Processing of cytosolic antigens for display by class I MHC molecules: 

1. tagging of antigens in the cytosol or nucleus 

2. proteolysis by a specialized enzymatic complex  

3. transport into the endoplasmic reticulum 

4. binding of peptides to newly synthesized class I molecules  



Features of the pathways of antigen processing 

 



Physiologic significance of MHC-associated 
antigen presentation  

 ensures that T cells see and respond only to cell-
associated antigens 

  the immune system is able to respond to extracellular 
and intracellular microbes in different ways 

 

 

 



Associations between MHC and disease 
 

The risk of developing immunological diseases is often 
influenced by the presence or absence of specific MHC 

alleles. 
 
Rheumatoid arthritis  
Psoriasis 
Systemic lupus erythematosus 
HIV  
Hepatitis B virus 
Tuberculosis 
Leishmaniosis 

 



Capture and presentation of protein antigens by 
dendritic cells 

 

Abbas, Basic Immunology; 2016 



 Major APCs 



 By segregating the class I and class II pathways of antigen processing, 
the immune system is able to respond to extracellular and 

intracellular microbes in different ways that are specialized to defend 
against these microbes  

Abbas, Basic Immunology; 2016 



Cellular interactions in the immune response 

 



Steps in the activation of T lymphocytes 

The responses of naive T lymphocytes to cell-associated microbial 
antigens consist of a series of sequential steps that result in an 
increase in the number of antigen-specific T cells and the 
conversion of naive T cells to effector and memory cells.  

Abbas, Basic Immunology; 2016 



Role of co-stimulation in T cell activation 

 The full activation of T cells depends on the 
recognition of co-stimulators on APCs in addition to 
antigen.  

Abbas, Basic Immunology; 2016 



Secretion of cytokines and expression  of cytokine 
receptors  

 

 In response to antigen and co-stimulators, T 
lymphocytes, especially CD4+ T cells, rapidly 
secrete the cytokine IL-2 

 The functions of IL-2: 

 -  the survival and proliferation of T cell  

-  the maintenance of Treg cells and thus for 
controlling immune responses 



Development of Th1 cells  

 - induced by microbes that are ingested by and 
activate phagocytes 

 



The differentiation of CD4+ T cells to Th1 effector cells is 
driven by a combination of the cytokines IL-12 and IFN-γ  

 



Development of Th2 cells 



Functions of Th2 cells 
 parasitic worm infections; allergic reactions to 
environmental antigens 
  the signature cytokines – IL-4, IL-5, and IL-13 
  activation of B cells 



Development  and functions of CD8+ cytotoxic T 
lymphocytes  

Activation of CD8+ T cells 
  recognition of class I MHC–associated peptides  
  co-stimulation from helper T cells 



Activation of B lymphocytes and production of 
antibodies 

 

 

 



 

Stimulation of B lymphocytes by (two signals are  
necessary): 

 Antigen receptor–mediated signal transduction in B 
lymphocytes 

 Th1 cells 



Activated B cells in germinal centers may 
differentiate into long-lived plasma cells or 

memory cells 

 

 

 

Plasma cell 


