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ABSTRACT 

The following paper is a review on major histocompatibility complex which are a group of diversified genes present on 

single chromosome that aid controlling immunological responses of individuals and mediate rejection of tissue between 

genetically different individuals.  HLA are human MHC antigens that were first detected on leukocytes. 
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INTRODUCTION 

 

Diversified genes that are present in vertebrates are contained in the major histocompatibility complex (MHC), the class I 

and II loci. It is an highly polymorphic group of gene on single chromosome that encodes cell surface receptors and MHC 

antigens.  Major and minor historcompatibility antigens are also called transplant antigens that play an important role in 

controlling immunological self recognition and mediate rejection of grafts/tissue between two genetically different 

individuals, immune responses to infectious diseases, and autoimmunity. 

 

The MHC antigens of humans are HLA (human leukocyte antigens) named so because they were first detected on 

leukocytes. MHC haplotype are a set of MHC alleles present on each chromosome. Twins that are monozygotic have 

same histocompatibility and can accept transplants of tissue.   George Snell, Jean Dausset and Baruj Benacerraf received 

the Nobel Prize in 1980 for their contributions to the discovery that histocompatibility molecules of one individual act as 

antigens when introduced into a different individual. 

 

The gene products of MHC control immune responses and called the immune response (Ir) genes, which influence 

response to infections. The most important role of the HLA antigens lies in defence against microorganism through 

induction and regulation of the immune response.  Presentation of peptide antigen to T lymphocytes, the way MHC 

molecules act.  These antigens and their genes can be divided into three major classes: class I, class II and class III. 

 

HISTORY 

MHC genes were identified through research on tissue rejection using domestic strains of mice and rabbits. In 1916, Little 

and Tyzzer performed tumour transplants between different strains of mice, and found that tumours could be transplanted 

among some strains of mice, but rejected among others. In 1927, Bover found that tissue transplants were not rejected if 

the donor and recipients were identical twins. These observations indicated that tissue compatibility between a donor and 

recipient or histocompatibility (‘histo’ means ‘tissue’) is genetically controlled. In 1933, Haldane suggested that an 

immune response leading to rejection of transplanted tumours was directed against normal cellular antigens belonging to a 

different strain rather than against some antigens unique to tumours. In the late 1930s, Gorer discovered four blood group 

antigens (he called ‘antigen I, II, III and 

IV’), and found that the growth or rejection of a tumour was associated with the expression of the particular antigen. 

During the 1940s, Medawar and his colleagues demonstrated that tissue graft rejection in rabbits was indeed due to an 

immune response attacking the foreign tissue graft.A few years later, Snell and his colleagues systematically bred 

different strains of laboratory mice that were virtually genetically identical, except at a single genetic region (congenic 

strains) that controlled the rejection of foreign tissue. Snell called the genes controlling tissue rejection ‘histocompatibility 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN xxxx-xxxx 

 

IJOAR© 2013 
http://www.ijoar.org 

 

(H) genes’. Subsequent work has shown that there are several histocompatibility genes closely linked on the same 

chromosome that control tissue rejection, and so this region is now known as the ‘major 

histocompatibility complex’ or MHC. (Unfortunately, the mouse MHC is sometimes known as ‘H-2’, which originated by 

combining Snell’s ‘H-genes’ with Gorer’s ‘antigen II’, and the human MHC is also called ‘HLA’ or human leucocyte 

antigen.) The actual immunological functions of the MHC remained a mystery until the 1970s. During this time, it was 

found that immune responses were controlled by interactions between MHC molecules and T lymphocytes. In 1975, 

Zinkernagel and Doherty found that T-cell responses were restricted not only to the antigen, but also to MHC molecules. 

They suggested that MHC heterozygotes would have greater T-cell responses than homozygotes, and this could 

potentially explain both the evolutionary advantage for gene duplication and diversity of MHC genes. Later, MHC 

molecules were found to be involved in antibody-mediated, as well as cellular responses. During the 1980s and 1990s, the 

structure of MHC molecules was revealed by X-ray crystallography studies. 

 

GENETIC CHARACTERISTICS OF MCH 

‘ 

The MHC is a large chromosomal region with over 200 coding loci (Figure 1). The MHC region contains class I and II 

genes, which control all specific immune responses, but it also contains many other genes that influence growth, 

development, reproduction, odour and olfaction. Among the MHC loci that control the immune system are class I and II 

MHC loci (‘classical’ MHC genes), which are the most highly polymorphic genes known among vertebrates. Class I and 

II MHC loci are closely linked within the MHC cluster in many species, such as mice and humans. In humans there are 

six class I loci (e.g. A, B and C) and eight class II loci (e.g. DP, DQ and DR), and in mice there are three class I (K, D, 

and L) and 2 class II (A and E) loci. Each class II locus consists of multiple coding genes. In most species, the 

polymorphism of MHC varies from one to over 100 alleles per locus. The close linkage of MHC loci on the same 

chromosome means that each individual inherits their particular combination of MHC alleles as a single unit or haplotype 

(closely linked genes on a chromosome have a low chance of recombination separating them). The close linkage of MHC 

loci suggests that they have a common ancestor, and that the close physical linkage on the same chromosome has been 

maintained by natural selection. MHC loci are not always found in close linkage. In zebra fish and African clawed frogs, 

for example, the class I and II loci are located on different chromosomes.  
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ANTIGEN PRESENTATION 

 

MHCmolecules come in two different forms, class I and II molecules. Each of the nucleated cells of the body are covered 

with as many as 100 000 class I MHC molecules. Their function is to present antigens that originate from inside the cell 

(endogenous antigens) to cytotoxic T lymphocytes (CTLs). Class II molecules are mainly found on specialized antigen-

presenting cells of the immune system, such as dendritic cells, macrophages and B cells. Their job is to present antigens 

that enter the cell by 

endocytosis (exogenous antigens) to helper Tlymphocytes   
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Class I molecules  

Class I molecules present small peptides to CTLs, effectively advertising the contents of the body’s cells to the immune 

system. These peptides are usually self peptides; however, if a cell becomes infected with a virus or other type of 

intracellular parasite (Figure 2a), then the infected cell presents foreign peptides from the invading parasite. CTLs probe 

the surface of cells, searching for evidence of an infection. Each CTL has a unique, highly specific T-cell receptor (TCR) 

on its surface that binds to MHC–antigen complexes. CTLs also have CD8 adhesion molecules on their surface that 

stabilize the interaction between T cells and the presenting cell by binding to class I MHC molecules. If recognized as 

foreign, the CTL becomes activated, and once activated, the T cell proliferates and all of the clones search out and 

eliminate other infected cells presenting the foreign peptide.  

 

Class I MHC  

Molecules contain a large a chain associated noncovalently with the much smaller β2-microglobulin molecule. The a 

chain is about 45kd and is encoded by genes within the A,B,C regions (human) or K, D/L regions (mouse). β2 

microglobulin is an invariant protein of 12kd encoded by a gene located on a different chromosome. Association between 

the α chain and the β2 chain is required for expression of class I molecules on cell membranes. β2 microglobulin interacts 

with all 3 α domains and is essential for the folded conformation of the molecule. The α chain is anchored in the plasma 

membrane by a hydrophobic transmembrane segment and a hydrophilic cytoplasmic tail. The α chain is organized into 3 

domains (α1,α2,α3) each containing approx 90 aa, the transmembrane domain is 40 aa, and 30 aa tail. The α1 and α2 

domains interact to form a platform of eight antiparallel β strands spanned by two long α-helical regions. This structure 

forms a deep groove or cleft and is the peptide binding cleft and it can bind a peptide of 8-10 aa. The α3 domain is highly 

conserved among the class I molecules and contains a sequence that is recognized by the CD8 molecule on the surface of 

T cells. 

 

 

 

 

Class II molecules  

Class II molecules are expressed on specialized antigen presenting cells (APCs), such as macrophages. Their function is to 

present peptides to helper T cells. Helper T cells play several crucial roles, including activating macrophages and B 

lymphocytes. Macrophages search out and engulf extracellular viruses, bacteria and fragments from other parasitic 

invaders. They digest their prey and use class II molecules to present peptide samples to helper T cells. Helper T cells 

have CD4 molecules on their surface to stabilize their interaction during presentation. If the peptide is recognized as 

foreign, then the helper T cell is activated to search out and to activate other macrophages. Class II molecules are also 
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expressed on B cells. When an immunoglobulin on the surface of a B cell binds to a foreign antigen, the B cell undergoes 

proliferation and the clones become antibody-secreting plasma cells. The antibodies bind and tag foreign invaders so that 

the immune system can efficiently eliminate them. However, before a B cell can become activated, it must present the 

antigen to helper T cells to ensure that the antigen is foreign. 

 

Class II MHC molecules also contain 2 different polypeptide chains, a 33kd α 

chain and a 28 kd β chain. Both chains have 2 domains α1 and α2 and β1 and β2 with α2 and β2 being the membrane 

proximal domains. Both have a transmembrane segment and a cytoplasmic tail. The α1 and β1 domains form the Ag 

binding cleft. The Ag binding cleft can hold a peptide of 13-18 aa. Peptide binding by class I and II molecules does not 

exhibit the fine specificity of Ag binding as is seen with Ig or T cell receptors. Instead a given MHC molecule can bind 

numerous different peptides. The peptide binding cleft in class I molecules is blocked at both ends whereas the cleft is 

open in class II molecules. Thus class II molecules can bind slightly larger peptides. Class I MHC molecules bind peptides 

and present these peptides to CD8+ T cells. In general, these peptides are derived from endogenous intracellular proteins. 

Each type of class I MHC molecule (A,B, and C in humans) binds a unique set of peptides. Because a single nucleated 

cell expresses about 105 copies of each class I molecule, then collectively many different peptides will be expressed 

simultaneously on the surface of a nucleated cell by class I molecules. Class II MHC molecules bind peptides and present 

these peptides to CD4+ T cells and like class I molecules can bind a variety of peptides ( usually derived from exogenous 

proteins). The expression of MHC molecules is also regulated by various cytokines. The interferons and TNF have all 

been shown to increase expression of class I MHC molecules on cells. INF g also increases expression of class II MHC 

molecules on a variety of cells (ie during the inflammatory response) but down regulates class II on B cells. IL4 increases 

expression of class II molecules on B cells. Corticosteroids and prostaglandins also decrease expression of class II 

molecules. Decreased expression of class I molecules by whatever mechanism, is likely to help viruses evade the immune 

response by reducing the likelihood that virus infected cells could display MHC-viral peptide complexes and become 

targets for CTL mediated destruction. 
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Structure of MHC molecules 

The structure of MHC molecules has been revealed by Xray crystallography. Class I molecules are composed of two 

separate polypeptide chains, a heavy a chain and a light b chain (Figure 3a). The a chain is encoded by a class I gene 

within the MHC, but the b chain is encoded by a gene (b2- microglobulin) on another chromosome. The b chain plays a 

role in stabilizing the molecule; therefore, mice genetically engineered (through targeted gene disruption) that have no b2-

microglobulin gene do not express any class I MHC molecules. Class II molecules are very similar to class I except that 

the a and b chains are both encoded in the MHC. The lower part of an MHC molecule is anchored in the cell membrane, 

whereas the upper portion contains a small groove, which is the antigen-binding site.. Here small peptides are bound and 

presented to T cells. In the next section, we will see that most of the diversity of MHC alleles occurs in the antigen-

binding site (ABS) and that the ABS is under natural selection. 
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MHC Polymorphisms 

Class I and II MHCgenes are the most highly polymorphic genes known in vertebrates. Most other genes that are 

considered ‘polymorphic’ have only a few alleles, whereas MHC loci have as many as 170 alleles per locus in humans 

and 100 alleles per locus in house mice. The enormous polymorphism of MHC alleles is difficult to explain because 

natural selection should eliminate all but the most disease-protective allele. For example, a particular human MHC allele 

confers resistance to malaria in Africa. This process of directional selection should lead to all of the susceptible alleles 

becoming extinct, leaving only the most resistant allele in the population (fixation). Therefore, there must be some other 

evolutionary pressure that maintains MHC diversity. 

 

CONCLUSION 

 

Immunological self/nonself recognition 

To attack an invading pathogen, the immune system mustbe able to distinguish self from foreign tissues. MHC molecules 

present both self and nonself peptides. T cells do not actually distinguish between self and nonself peptides.  It is simply 

that T cells that recognize self peptides are eliminated or inactivated during the development of the immune system. 

Before birth, immature, undifferentiated T lymphocytes arise in the bone marrow and then migrate to the thymus where 

they mature and undergo thymic selection (hence the term ‘T cell’). Within the thymus, a massive proliferation of T cells 

occurs and an enormous diversity of T cells is generated by random rearrangements of TCR genes. Over 1011 types of T 

cells are generated, but since they are randomly generated, many are likely to bind to self antigens, and therefore, 95% are 

eliminated or inactivated. The only T cells to mature and enter circulation are those that recognize self peptide–MHC 

complexes (positive selection) below a threshold avidity. Those that do not bind above the threshold are killed or 
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inactivated (negative selection). Thus, through thymic selection MHC genes influence the development of an individual’s 

particular T-cell repertoire. 

 

Organ transplant  
     

                  

 This HLA matching is an important factor to be considered before proceeding with 

organ transplantation. 

Donor and recipients should have same HLA matching criteria for carrying out 

transplantation. 
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