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ABSTRACT 

Adaptive immunity depends on the major histocompatibility complex (MHC) proteins presenting antigens. Before 

being presented, peptides must be created from proteins that are either channelled or manufactured by the cell's own 

translational machinery.  

 

entering the vesicular system of endo-lysosomes. Following a thorough search in secondary lymphatic organs, a 

sustained contact between a T cell receptor and particular pMHC complexes ultimately causes T cells to multiply and 

develop a particular cellular immune response. The structural characteristics of the binding groove of each unique 

MHC allele variant significantly influence the peptide repertoire that MHC proteins display after processing. 

Furthermore, by encouraging the binding of high-affinity antigens, two peptide editors—tapasin for class I and HLA-

DM for class II—help to shape the peptidome that is shown. The mechanism of the catalysed peptide exchange for 

MHC class I and class II proteins is still up for debate, despite the abundance of biochemical and structural data, and it 

is unclear why some MHC allelic variants are more vulnerable to peptide editing than others. According to recent 

research, protein intermediate states have a significant impact on MHC allele-specific peptide presentation. This 

suggests that MHC dynamics have a significant impact on the occurrence of immunodominance and the emergence of 

autoimmune disorders. 

Despite the different roles that MHC classes I and II play in adaptive immunity, we highlight the commonalities between 

their dynamics in this review of recent work that describes them from a theoretical and experimental point of view. 

Keywords: HLA, protein dynamics, peptide exchange, tapasin, HLA-DM, major histocompatibility complex, 
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INTRODUCTION 

Our immune system depends on two classes of major histocompatibility complex (MHC) molecules, MHC class I and 

class II, which present antigens to functionally different T cell populations. Nevertheless, nothing is known about the 

cause of this crucial MHC class difference. Each of the class I and class II major histocompatibility complex (MHC) 

groups is a multigene family formed by gene duplications and subsequent diversifications, with  

 

different individuals with different roles. By delivering antigens to T cells, the traditional MHC class I and class II 

molecules serve essential roles in our immune system. T cell receptors (TCRs) on CD8+ T cells receive peptide 

antigens from conventional MHC class I molecules, while classical MHC class II molecules provide peptide antigens.  

 

responses to CD4+ T cells' TCR. Following their contact with the MHC molecular complex and peptide antigen, 

CD8+ T cells are crucial for the target's destruction.  

 

cells (such as tumour cells or virus-infected cells), but CD4+ T lymphocytes are essential for supporting or controlling 

immune cells that present antigens, such as B lymphocytes, which have the capacity to produce antibodies. Therefore, 

https://ijsrem.com/


           
         International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Volume: 10 Issue: 05 | May - 2026                              SJIF Rating: 8.659                                        ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM63479                                         |        Page 2 
 

there is a clear correlation between the MHC class divergence and our fundamental immunological processes. 

Though MHC research has been conducted for decades, there has been little advancement in our knowledge of the 

cause of this crucial MHC class difference.  

Because they show antigens, Major Histocompatibility Complex (MHC) proteins are essential for adaptive immunity. 

Proteins must be converted into peptides before they can be shown. The translational machinery of the cell can either 

produce or channel these proteins enters the system of endo-lysosomes. After a protracted search in secondary lymphatic 

organs, a T cell receptor's prolonged engagement with particular pMHC complexes ultimately causes T cells to multiply 

and launch a particular cellular immune response.  

The structural characteristics of the binding groove of each unique MHC allele variant significantly influence the 

peptide repertoire that MHC proteins display after processing. Moreover, two peptide editors—HLA-DM for class I 

and tapasin for class I— 

 

II—promote the binding of high-affinity antigens, which helps to shape the peptidome that is shown. The mechanism 

of the catalysed peptide exchange for MHC class I and class II proteins is still up for debate, despite the abundance of 

biochemical and structural data, and it is unclear why some MHC allelic variants are more vulnerable to peptide 

editing than others. 

 

Antigen presentation. The purple complex in the image's centre is the Major Histocompatibility Complex (MHC). It has 

delivered the antigen for the APC's surface to display. T cell attachment and activation are facilitated by MHC (green). 

 

Structure and Types of MHC  

There are two primary classes of MHC molecules: Class I and Class II. Despite having different shapes and roles, both 

classes serve the same purpose in presenting antigens to T lymphocytes. 

➢ MHC Class I: Nearly all nucleated cells express these molecules. They give CD8+ cytotoxic T cells 

endogenously produced peptides, usually from intracellular pathogens like viruses. A beta-2 macroglobulin chain and a 

heavy alpha chain make up an MHC Class I molecule. The groove for binding peptides is formed by the alpha chain. 

➢ MHC Class II: Professional antigen-presenting cells (APCs), such as dendritic cells, macrophages, and B cells, 

are the main carriers of these molecules. They expose CD4+ helper T lymphocytes to exogenously generated peptides, 
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which are usually obtained from external pathogens. The alpha and beta chains of MHC Class II molecules each 

contribute to the peptide-binding groove. 

 

 

MHC molecules that are not classical (HLA-E, HLA-G, and CD1)  

 

The non-classical MHC-Ib family (e.g., HLA-E, HLA-G) and CD1 molecules, in addition to the classical MHC class I 

and II molecules, have specific functions in immune modulation and antigen presentation. While CD8 T cells are 

presented with peptides by classical MHC-I, these molecules have limited polymorphism and bind distinct ligands: 

Through the CD94/NKG2A/B inhibitory receptor, HLA-E delivers leader peptides generated from classical MHC-I to 

natural killer (NK) cells, preserving NK cell tolerance to healthy cells (Braud et al., 1999).  

 

In order to decrease immune responses and promote fetal-maternal tolerance, HLA-G, which is expressed in 

immunologically privileged locations such as the placenta, binds to leukocyte immunoglobulin-like receptors 

(LILRB1/2) on NK cells and macrophages (Adams & Luoma, 2013). 

 

 

CD1 molecules bridge the gap between innate and adaptive immunity by presenting lipid antigens, such as 

mycobacterial glycolipids, to non-traditional T cells, such as NKT cells.  

 

Beyond peptide presentation, these non-classical molecules broaden MHC's functional repertoire by highlighting their 

functions in immune evasion, tolerance, and reactions to non-protein antigens. 

 

MHC's Function in Immune Responses 

The immune system's capacity to differentiate itself from others and mount effective defences depends heavily on MHC 

molecules. 
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• Activation of T lymphocytes the peptide-MHC complex on the surface of APCs is recognized by T-cell receptors 

(TCRs), which then attach to it. The activation and development of T cells into effector cells depend on this recognition. 

After identifying peptides presented by MHC Class I, CD8+ T cells develop into cytotoxic T lymphocytes, which destroy 

infected cells. After differentiating into helper T cells in response to peptides presented by MHC Class II, CD4+ T cells 

mobilize other immune cells to help coordinate the immune response. 

• Immune Surveillance: The immune system can keep an eye on the condition of cells thanks to MHC molecules. 

An immune response can be triggered by any modifications to the repertoire of presenting peptides, including those 

resulting from infection or cancer. This procedure is essential for identifying and removing cells that are transforming 

into cancerous cells or harbouring intracellular infections. 

 

Intersection: Connecting Intracellular and Extracellular Immunity 

Cross-presentation, in which foreign antigens (from viruses, malignancies, or vaccinations, for example) are shown on 

MHC class I molecules to activate CD8⁺ T lymphocytes, is a crucial deviation from the traditional MHC-I pathway. 

Immune surveillance against pathogens that do not directly infect APCs is made possible by this mechanism, which is 

mostly carried out by specialized dendritic cells (DCs) (Joffre et al., 2012).  

 

• Cytosolic Pathway: Mechanistic Pathways:  

The conventional peptide-loading complex (PLC) loads internalized antigens onto MHC-I after they are carried from 

endosomes to the cytosol and broken down by proteasomes.  

 

For instance, CD8α⁺ DCs cross-present tumour antigens. 

• The Vascular Pathway: 

 

Endosomes or phagosomes process antigens, which are then loaded onto MHC-I without being broken down by 

proteases. 

 

 

Example: Antigens produced from apoptotic cells are presented. 

 

The Roles of MHC Molecules in Adaptive Immune Responses 

T-lymphocytes can distinguish between self and non-self by recognizing antigen epitopes thanks to MHC molecules. 

The T-cell receptors (TCRs) on T-lymphocytes can only identify epitopes, which are usually short chains of amino acids 

termed peptides, after they have been joined to MHC molecules. This is in contrast to B-cell receptors on B-lymphocytes, 

which can directly bind epitopes on antigens.  

With many variants for each gene, the MHC genes are the most polymorphic in the human genome. A person expresses 

the alleles inherited from each parent because the MHC genes are co-dominantly expressed. This maximizes the quantity 

of MHC molecules that bind peptide for T-lymphocyte presentation. Furthermore, every MHC molecule has the capacity 

to bind at several distinct peptides, including both foreign and self-peptides. MHC molecules fall into two classes: MHC-

I and MHC-II.  

➢ T8 cells are presented with epitopes by MHC-I molecules.  

➢ T4 cells are presented with epitopes by MHC-II molecules. 

Both innate and adaptive immune responses result in the production of cytokines, which raise the expression of MHC 

molecules. MHC-I molecules are expressed more when cytokines like interferon-alpha, interferon-beta, interferon-
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gamma, and tumour necrosis factor are present, whereas interferon-gamma is the primary cytokine that increases the 

expression of MHC-II molecules. 

 

B- and T-lymphocytes have receptors on their surface that are specific to epitopes. B-cell receptors on B-lymphocytes 

can directly identify epitopes on antigens. T-lymphocytes possess TCR molecules, which only identify epitopes once they 

have been attached to bodily cells via MHC molecules. 

 

MHC-I compounds  

The purpose of MHC-I molecules is to help the body identify tumour and contaminated cells so that cytotoxic T 

lymphocytes, or CTLs, can eliminate them. Effector defence cells called CTLs are produced from naive T8 

lymphocytes. MHC-I molecules consist of: 

• the body's nucleated cells.  

• have a deep groove that is capable of binding peptide epitopes, usually from endogenous antigens and ranging 

in length from 8 to 11 amino acids. 

• Give naive T8 lymphocytes and cytotoxic T lymphocytes with complementary-shaped T-cell receptors, or 

TCRs, MHC-I/peptide complexes. 

• Certain antigen-presenting dendritic cells have the ability to cross-present foreign epitopes through the 

mechanism of antigens to MHC-I molecules, which will thereafter be presented to uninformed T8 cells. 

Human cell cytosol contains proteins called endogenous antigens. The following are examples of endogenous antigens: 

a. proteins generated by viruses during their replication;  

b. proteins generated by intracellular bacteria, such as Chlamydias and Rickettsias, during their replication;  

c. Antigen-presenting cells and other proteins that have escaped into the cytosol from phagocytes' phagosomes;  

d. Cancer cells' tumour antigens; and  

e. Self-peptides from host cellular proteins. 
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A complementary T-cell receptor is bound by an MHC molecule with bound peptides. This diagram demonstrates how 

a T cell receptor (TCR) on a T lymphocyte's surface can identify one residue of an MHC molecule's bound peptide 

epitope and two polymorphism residues of an MHC molecule. 

Cylindrical organelles known as proteasomes break down viral, bacterial, or tumour proteins into a range of peptide 

epitopes during the replication of viruses and intracellular bacteria within their host cell as well as during the replication 

of tumour cells. Proteases also break down the body's own cytosolic proteins into peptides. 

Following their attachment to a groove of MHC-I molecules, these peptide epitopes are subsequently carried to the cell's 

surface, where they are recognized by a complementary-shaped T-cell receptor (TCR) and a CD8 molecule, which 

functions as a co-receptor on the surface of either a cytotoxic T-lymphocyte (CTL) or a naive T8-lymphocyte. The MHC 

molecule and the foreign peptide antigen are both recognized by the TCRs. 

However, self-peptides attached to MHC-I are not recognized by TCRs. Normal cells are therefore not targeted and 

eliminated. To activate naive T8-lymphocytes, dendritic cells attach endogenous antigen epitopes to MHC-I molecules 

and present them to the cells.  

A complementarily shaped TCR/CD8 on the surface of a naive T8-lymphocyte can recognize an MHC-I molecule with 

a bound peptide on the surface of antigen-presenting dendritic cells to start cell-mediated immunity. As will be covered 

later, some dendritic cells are also capable of cross-presenting foreign antigens to MHC-I molecules.  

MHC-II compounds 

 

Maintaining self-tolerance and initiating successful immune responses depend on class II Major Histocompatibility 

Complex (MHC-II) molecules presenting peptide antigens. The thymus's selection stage of T cell maturation marks the 

start of immunological tolerance to antigens shown on MHC-II molecules, which persists in the periphery. For positive 

selection in the thymus, CD4 T cells must engage with self-ligands supplied by MHC-II molecules. Additionally, tonic 

stimulation by MHC-II-peptide complexes in the periphery is necessary for CD4 T cell survival.  

The development of T cells with T cell receptor specificities that are overtly reactive to the self is inhibited during the 

thymus's negative selection phase, while cells with borderline reactivity are guided into the CD4 T regulatory lineage. 
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When antigen-presenting cells (APCs) release peptides that notify the adaptive immune system to launch a focused 

defence against invasive pathogens, a peripheral immune response is triggered. APC type, maturation status, and external 

environment all affect the entry of both foreign and self-antigens into the endo/lysosomal route, proteolytic processing, 

and peptide selection for presentation. Therefore, these parameters determine the MHC-II immunopeptidome, which is 

the set of peptides presented by MHC-II molecules. 

MHC-II molecules are made to help T4 cells distinguish between self and non-self by recognizing foreign antigen 

epitopes. The molecules of MHC-II are 

 produced by APCs, or antigen-presenting cells, which include B-lymphocytes, dendritic cells, and macrophages.  

 have a deep groove that can bind peptide epitopes, usually from exogenous antigens, that are 10–30 amino acids 

long, but ideally 12–16 amino acids long. The peptides interact with the groove all the way along their length.  

 Give naive T4 lymphocytes or effector T4 lymphocytes with a complementary shaped T cell receptor, or TCR, 

MHC-II/peptide complexes.  

 Certain antigen-presenting dendritic cells have the ability to cross-present endogenous antigen epitopes to MHC-

II molecules such that they can subsequently be presented to naive T4-lymphocytes. 

Exogenous antigens, which include bacteria, fungi, protozoa, and free viruses, are antigens that enter the body from 

outside sources. Through phagocytosis, these foreign antigens get into B-lymphocytes, dendritic cells, and 

macrophages. A phagosome absorbs the microorganisms and subsequently merges with lysosomes. The 

phagolysosome becomes acidified after this union.  

 

The phagolysosome's proteases are then activated by acidification, allowing the microbe's protein antigens to be 

broken down into a number of small peptides. Following their attachment to MHC-II molecules, these peptide epitopes 

are subsequently carried to the antigen-presenting cell's (APC) surface. 
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Certain infections, including Leishmania, Mycobacterium leprae, and Mycobacterium tuberculosis, can proliferate in 

macrophage endocytic vesicles without being eliminated by lysosomes. However, T4-effector lymphocytes known as 

T1 cells can activate these macrophages, which then employ intravesicular proteases to break down the pathogens' 

proteins into  

 

peptides to be presented to passing MHC-II molecules en route to the cell surface.  

Here, a complementarily shaped T-cell receptor and a CD4 molecule, a co-receptor, on the surface of a T4 lymphocyte 

can identify the MHC-II molecules with associated peptides. The cells the body utilizes to control humoral immunity 

and cell-mediated immunity are called T4-lymphocytes. 
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