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1. Introduction  

 
Advanced immunology is a branch of biology and medicine that covers the study of 

immune systems in all organisms. Immunology charts, measures, and contextualizes the 

physiological functioning of the immune system in states of both health and diseases; 

malfunctions of the immune system in immunological disorders (such as autoimmune 

diseases, hypersensitivities, immune deficiency, transplant rejection); and the physical, 

chemical, and physiological characteristics of the components of the immune system in 

vitro ,  in situ, and in vivo. This advanced immunology deals with Transplantation, 

Central & Peripheral Tolerance, Immune Regulation in Pregnancy, Breaking Tolerance: 

Autoimmunity & Dysregulation, Mucosal Immunity & Immunopathology, Regulation of 

Immunity & the Microbiome, Epigenetics & Modulation of Immunity, Inflammation and 

autoinflammation, T-cell mediated autoimmune diseases, Antibody-mediated 

autoimmune diseases. Advances in Immunology have provided students and 

researchers with the latest information in Immunology for over 50 years. You can 

continue to rely on Advances in Immunology to provide you with critical reviews that 

examine subjects of vital importance to the field through summary and evaluation of 

current knowledge and research. 

 

 

 

 

2. Course Objectives 

 

At the end of the course the learners will be able to: 

ü To understand the current status of knowledge within areas of cellular and 

molecular immunology 

ü To know about innate and acquired immune responses; cellular and molecular 

mechanisms of immunity; antigen processing and presentation; tissue-specific 

immune responses; immune-mediated pathologies; and vaccination 

ü To gather knowledge on normal regulation of immunity and ghow aberrations in 

the regulation can lead to immunological diseases. 
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ü To assess the fundamental mechanisms underlying immunologic disease and 

associate these mechanisms with strategies for therapeutic modulation of the 

immune system. 

ü Perceive and understand the basic immunological principles underlying 

biotherapeutics, recognize the commonality among diverse organ-specific 

disease states, and infer the mechanisms of therapeutic effect. 

ü Analyze the medical literature reporting immunologic advances pertinent to 

their patients, cite the rationale for use of new immunodiagnostic and 

immunotherapeutic modalities in their patients, and serve as thought leaders 

within their medical communities. 
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3. Modern Immunology: Antigen presentation; Secondary 

signaling, co-stimulation, Cell signaling in immune response; DC 

activation, B cells as APC, experimental  models in APC. 

Complements -Lectin pathway.

 

Objective: In this unit we will discuss about different aspects of antigen presentation, 

dendrite cell activation, How B cells acts as APC. E will discuss also about complement 

system.  

Antigen Presentation:  

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 

ÏÆ ÎÏÒÍÁÌ ȰÓÅÌÆȱ ÁÎÔÉÇÅÎs. Cells that become infected by intracellular pathogens can 

present foreign antigens on MHC I as well, marking the infected cell for destruction. 

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. T cells can only recognise 

antigens when they are displayed on cell surfaces. This is carried out by Antigen -

presenting cells  (APCs), the most important of which are dendritic cells, B cells, and 

macrophages. APCs can digest proteins they encounter and display peptide fragments 

from them on their surfaces for other immune cells to recognise. 

4ÈÉÓ ÐÒÏÃÅÓÓ ÏÆ ÁÎÔÉÇÅÎ ÐÒÅÓÅÎÔÁÔÉÏÎ ÁÌÌÏ×Ó 4 ÃÅÌÌÓ ÔÏ ȰÓÅÅȱ ×ÈÁÔ ÐÒÏÔÅÉÎÓ ÁÒÅ ÐÒÅÓÅÎÔ ÉÎ 

the body and to form an adaptive immune response against them. In this article, we 

shall discuss antigen processing, presentation, and recognition by T cells. 
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Antigen Processing  

Before an antigen can be presented, it must first be processed. Processing transforms 

proteins into antigenic peptides. 

MHC Class I Molecules 

Intracellular  peptides for MHC class I presentation are made by proteases and the 

proteasome in the cytosol, then transported into the endoplasmic reticulum via TAP 

(Transporter associated with Antigen Processing) to be further processed. 

They are then assembled together with MHC I molecules and travel to the cell surface 

ready for presentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MHC Class II Molecules 

The route of processing for exogenous antigens for MHC class II presentation begins 

wit h endocytosis of the antigen. Once inside the cell, they are encased within 

endosomes that acidify and activate proteases, to degrade the antigen. 

Fig.: ɀ Diagram d emonstrating the production of peptides for MHC 

class I presentation . 
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MHC class II molecules are transported into endocytic vesicles  where they bind 

peptide antigen and then travel to the cell surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Antigen Presentation  

The antigen presented on MHCs is recognised by T cells using a T cell receptor (TCR). 

These are antigen-specific. 

T Cell Receptors 

Each T cell has thousands of TCRs, each with a unique specificity that collectively allows 

our immune system to recognise a wide array of antigens. 

This diversity in TCRs is achieved through a process called V(D)J recombination during 

development in the thymus. TCR chains have a variable region where gene segments are 

randomly rearranged, using the proteins RAG1 and RAG2 to initiate cleavage and non-

homologous end joining to rejoin the chains. 

Fig.: ɀ Diagram showing processing of antigens for MHC Class II 

presentation by a dendritic cell . 
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The diversity of the TCRs can be further increased by inserting or deleting nucleotides 

at the junctions of gene segments; together forming the potential to create up to 1015 

unique TCRs. 

TCRs are specific not only for a particular antigen but also for a specific MHC molecule. 

T cells will only recognise an antigen if a specific antigen with a specific MHC molecule 

is present: this phenomenon is called MHC restriction. 

Co-Receptors 

As well as the TCR, another T cell molecule is required for antigen recognition and is 

known as a co-receptor. These are either a CD4 or CD8 molecule: 

CD4 is present on T helper cells and only binds to antigen-MHC II complexes. 

CD8 is present on cytotoxic T cells and only binds to antigen-MHC I complexes. 

This, therefore, leads to very different effects. Antigens presented with MHC II will 

activate T helper cells and antigens presented with MHC I activate cytotoxic T cells. 

Cytotoxic T cells will kill the cells that they recognise, whereas T helper cells have a 

broader range of effects on the presenting cell such as activation to produce antibodies 

(in the case of B cells) or activation of macrophages to kill their intracellular pathogens. 

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 (Figure below). 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. 

Both types of MHC molecules are transmembrane glycoproteins that assemble as 

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

-(# ) ÍÏÌÅÃÕÌÅÓ ÁÒÅ ÃÏÍÐÏÓÅÄ ÏÆ Á ÌÏÎÇÅÒ ɻ ÐÒÏÔÅÉÎ ÃÈÁÉÎ ÃÏÕÐÌÅÄ ×ÉÔÈ Á ÓÍÁÌÌÅÒ ɼς 

ÍÉÃÒÏÇÌÏÂÕÌÉÎ ÐÒÏÔÅÉÎȟ ÁÎÄ ÏÎÌÙ ÔÈÅ ɻ ÃÈÁÉÎ ÓÐÁÎÓ ÔÈÅ ÃÙÔÏÐÌÁÓÍÉÃ ÍÅÍÂÒÁÎÅȢ 4ÈÅ ɻ 
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chain of the MHC I molecule folds into three separate dÏÍÁÉÎÓȡ ɻρȟ ɻς ÁÎÄ ɻσȢ -(# )) 

ÍÏÌÅÃÕÌÅÓ ÁÒÅ ÃÏÍÐÏÓÅÄ ÏÆ Ô×Ï ÐÒÏÔÅÉÎ ÃÈÁÉÎÓ ɉÁÎ ɻ ÁÎÄ Á ɼ ÃÈÁÉÎɊ ÔÈÁÔ ÁÒÅ 

approximately similar in length. Both chains of the MHC II molecule possess portions 

that span the plasma membrane, and each chain folds into two separÁÔÅ ÄÏÍÁÉÎÓȡ ɻρ 

ÁÎÄ ɻςȟ ÁÎÄ ɼρȟ ÁÎÄ ɼςȢ )Î ÏÒÄÅÒ ÔÏ ÐÒÅÓÅÎÔ ÁÂÎÏÒÍÁÌ ÏÒ ÎÏÎ-self-antigens to T cells, 

MHC molecules have a cleft that serves as the antigen-ÂÉÎÄÉÎÇ ÓÉÔÅ ÎÅÁÒ ÔÈÅ ȰÔÏÐȱ ɉÏÒ 

outermost) portion of the MHC-I or MHC-II dimer. For MHC I, the antigen-binding cleft 

ÉÓ ÆÏÒÍÅÄ ÂÙ ÔÈÅ ɻρ ÁÎÄ ɻς ÄÏÍÁÉÎÓȟ ×ÈÅÒÅÁÓ ÆÏÒ -(# ))ȟ ÔÈÅ ÃÌÅÆÔ ÉÓ ÆÏÒÍÅÄ ÂÙ ÔÈÅ ɻρ 

ÁÎÄ ɼρ ÄÏÍÁÉÎÓ ɉ&ÉÇÕÒÅ below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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). 

Fig.: ɀ MHC I are found on all nucleated body cells, and MHC II are 

found on macrophag es, dendritic cells, and B cells (along with MHC I). 

The antigen -ÂÉÎÄÉÎÇ ÃÌÅÆÔ ÏÆ -(# ) ÉÓ ÆÏÒÍÅÄ ÂÙ ÄÏÍÁÉÎÓ ɻρ ÁÎÄ ɻςȢ 

The antigen -ÂÉÎÄÉÎÇ ÃÌÅÆÔ ÏÆ -(# )) ÉÓ ÆÏÒÍÅÄ ÂÙ ÄÏÍÁÉÎÓ ɻρ ÁÎÄ ɼρȢ 
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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). B 

cells, on the other hand, do not function as phagocytes but play a primary role in the 

production and secretion of antibodies. In addition, whereas macrophages and dendritic 

cells recognize pathogens through nonspecific receptor interactions (e.g., PAMPs, toll-

like receptors, and receptors for opsonizing complement or antibody), B cells interact 

with foreign pathogens or their free antigens using antigen-specific immunoglobulin as 

receptors (monomeric IgD and IgM). When the immunoglobulin receptors bind to an 

antigen, the B cell internalizes the antigen by endocytosis before processing and 

presentting the antigen to T cells. 

 

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; B cells use somewhat different mechanisms that 

will be described further in B Lymphocytes and Humoral Immunity. For now, we will 

focus on the steps of the process as they pertain to dendritic cells. 

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 (Figure   below) 

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. 
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Antigen Presentation with MHC I Molecules 

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

ÓÙÓÔÅÍ ÔÈÁÔ ÔÈÅ ÃÅÌÌ ÉÓ Á ÎÏÒÍÁÌ ȰÓÅÌÆȱ ÃÅÌÌȢ )Î Á ÈÅÁÌÔÈÙ ÃÅÌÌȟ ÐÒÏÔÅÉÎÓ ÎÏÒÍÁÌÌÙ ÆÏÕÎÄ ÉÎ 

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. However, if a cell becomes infected 

with an intracellular pathogen (e.g., a virus), protein antigens specific to the pathogen 

Fig.: ɀ A dendritic cell phagocytoses a bacterial cell and brings it into a 

phagosome. 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 

ÁÎÔÉÇÅÎÉÃ ÅÐÉÔÏÐÅÓ ÁÒÅ ÓÅÌÅÃÔÅÄ ÁÎÄ ÐÒÅÓÅÎÔÅÄ ÏÎ ÔÈÅ ÃÅÌÌȭÓ ÓÕÒÆÁÃÅ ÉÎ 

conjunct ion with MHC II molecules. T cells recognize the pres ented 

antigens and are thus activatedThe antigen -binding cleft of MHC II is 

ÆÏÒÍÅÄ ÂÙ ÄÏÍÁÉÎÓ ɻρ ÁÎÄ ɼρȢ 
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are processed in the proteasomes and bind with MHC I molecules for presentation on 

the cell surface. This presentation of pathogen-specific antigens with MHC I signals that 

the infected cell must be targeted for destruction along with the pathogen. 

Before elimination of infected cells can begin, APCs must first activate the T cells 

involved in cellular immunity. If an intracellular pathogen directly infects the cytoplasm 

of an APC, then the processing and presentation of antigens can occur as described (in 

proteasomes and on the cell surface with MHC I). However, if the intracellular pathogen 

does not directly infect APCs, an alternative strategy called cross-presentation is 

utilized. In cross-presentation, antigens are brought into the APC by mechanisms 

normally leading to presentation with MHC II (i.e., through phagocytosis), but the 

antigen is presented on an MHC I molecule for CD8 T cells. The exact mechanisms by 

which cross-presentation occur are not yet well understood, but it appears that cross-

presentation is primarily a function of dendritic cells and not macrophages or B cells. 

Complement System: 

Definition:  

The complement system consists of a series of heat-labile serum proteins that are 

activated in turn. The complements exist as soluble inactive precursors which once 

activated; a complement component may then act as an enzyme. Enzymatic chain 

ÒÅÁÃÔÉÏÎÓ ÏÆ ÔÈÉÓ ÔÙÐÅ ÁÒÅ ËÎÏ×Î ÁÓ ÃÁÓÃÁÄÅ ÒÅÁÃÔÉÏÎÓ ÁÎÄ ÕÓÕÁÌÌÙ ÒÅÑÕÉÒÅ Á ȰÔÒÉÇÇÅÒȱ ÔÏ 

ini tiate the reaction chain. 

Complement is a chain of enzymes whose activation eventually results in the disruption 

of cell membranes and the destruction of cells or invading microorganisms. 

Complement is an essential part of the body defense system (Fig. below). 

 

 

 

 

 

 

 

 



12 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

History  of Complement  System: 

4ÈÅ ÎÁÍÅ ȰÃÏÍÐÌÅÍÅÎÔ ÓÙÓÔÅÍȱ ÉÓ ÄÅÒÉÖÅÄ ÆÒÏÍ ÅØÐÅÒÉÍÅÎÔÓ ÐÅÒÆÏÒÍÅÄ ÂÙ *ÕÌÅÓ 

Bordet. 

Components of Complement  System: 

The complement system is made up of a number (mostly 30) of distinct serum (blood 

plasma) and membrane proteins which mostly assist the humoral branch of the immune 

system. As after initial activation, the various complement components interact 

sequentially to generate reaction products that facilitate antigen clearance and 

inflammatory response. 

Different pathways of complement finally generate a macro-molecular membrane- 

attack complex (MAC) which helps to lyse a variety of cells, bacteria and viruses. 
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The complement products amplify the initial antigen-antibody reaction and convert that 

reaction into a more effective defense mechanism. Continuous proteolytic cleavage and 

activation of successive complement proteins lead to the covalent bonding or fixing of 

complement fragments to the pathogen surface. Each precursor of complement is 

cleaved into two major fragments- ÎÁÍÅÄ ÁÓ ÌÁÒÇÅÒ ÆÒÁÇÍÅÎÔ ɉÄÅÓÉÇÎÁÔÅÄ ÁÓ ȬÂȭɊ ÁÎÄ 

ÓÍÁÌÌÅÒ ÆÒÁÇÍÅÎÔ ɉÄÅÓÉÇÎÁÔÅÄ ÁÓ ȬÁȭɊ. 

4ÈÅ ÍÁÊÏÒ ÏÒ ÌÁÒÇÅÒ ȬÂȭ ÆÒÁÇÍÅÎÔ ÈÁÓ Ô×Ï ÂÉÏÌÏÇÉÃÁÌÌÙ ÁÃÔÉÖÅ ÓÉÔÅÓɂone binds to cell 

membranes to the target cell towards the site of activation and the other for enzymatic 

ÃÌÅÁÖÁÇÅ ÏÆ ÔÈÅ ÎÅØÔ ÃÏÍÐÌÅÍÅÎÔ ÃÏÍÐÏÎÅÎÔȢ 4ÈÅ ÓÍÁÌÌÅÒ ȬÁȭ ÆÒÁÇÍÅÎÔÓ ÄÉÆÆÕÓÅ ÆÒÏÍ the 

site and play a role in initiating a localized inflammatory response (chemotactic 

activity).  

1. The proteins and glycoproteins composing the complement system are synthesized 

largely by liver hepatocytes, some by blood monocytes, tissue macrophages and epithe-

lial cells of the gastro-intestinal and genitourinary tracts. 

2. The proteins that form the complement system are labelled numerically with the 

prefix C (e.g., C1ɀC9). 

3. Some complement components are designated by letter symbols (e.g., factor B, D, P) 

or by trivial names (e.g., homologous factor). 
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4. There are at least 19 of these components; they are all serum proteins and together 

they make up about 10% globulin fraction of serum. 

5. The molecular weights of the complement components vary between 24 kDa for 

factor D and 460 kDa for C19. 

 

6. Serum concentraÔÉÏÎ ÉÎ ÈÕÍÁÎÓ ÖÁÒÉÅÓ ÂÅÔ×ÅÅÎ ςπ ʈÇȾÍÌ ÏÆ #2 ÁÎÄ ρσππ ʈÇȾÍÌ ÏÆ #3. 

 

7. Complement components are synthesized at various sites like C2, C3, C4, C5; B, D, P 

and I are from macrophages, C3, C6, C8 and B from liver  
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Pathways of Complement System: 

1. The Classical Pathway of Complement: 

The classical pathway of complement is initiated by the interaction of antibody with 

antigen directly (soluble antigen-antibody complexes or immune complexes). 

The gradual  progress  of classical pathway  can be mediated  by these successive 

stages called:  

(i) Activation of C1 component 

(ii) Production of C3 convertase 

(iii) Production of C5 convertase and 

(iv) Action of membrane attack complex (MAC) 

(i)  Activation  of CI component:  

The initial stage of activation involves C1, C2, C3 and C4. The soluble antigen-antibody 

complex induces a conformational changes in the fragment crystalized (Fc) portion of 

the antibody molecule that exposes a binding site for the C1 component of the 

complement system. 

(i)  C1 is a complex macromolecular protein present in serum in inactive condition. 

It is a complex of three proteins namedɂC1q, C1r and C1s, out of which C1q 

recognizes and binds to the Fc region of the antibody and C1r and C1s remain as 

inactive proteases with their two subunits each. C1q and two molecules of each 

C1r and C1s held together is a complex called C1qr2s2 which is stabilized by Ca2+ 

ions. 

(ii)  The structure of C1 is mainly exhibited by C1q; a large molecule composed of 18 

polypeptide chains that associate in such a way that forms six collagen-like triple 

helical arms. The amino-terminal two -thirds of the polypeptides form the stalk 

and the carboxy-terminal one-third of the polypeptides form the globular flower, 

which contains the binding site for antibody. 

(iii)  Normally, C1r2s2 complex remains in inactive form and never binds with C1q at 

ÔÈÁÔ ÔÉÍÅ ÁÎÄ ÓÈÏ×Ó ÔÈÅ ÃÏÎÆÉÇÕÒÁÔÉÏÎ Ȭ3ȭȢ %ÁÃÈ #ρÒ ÁÎÄ #ρÓ ÉÎÃÌÕÄÅÓ Ô×Ï 
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domains named catalytic domain and interaction domain. Due to action of 

interaction domain in presence of antigen- antibody complex in the serum it 

binds with C1q. 

(iv)  C1q binds to an antibody Fc region by its globular heads, in terms, activates 

serine proteases C1r and C1s which are proteolytic enzymes gives serine 

residues at the active site after being activated. 

On binding to antibody, one molecule of C1r is induced to cleave itself, becomes 

enzymatically active. Gradually it cleaves and activates the second C1r and both C1s 

molecules. The activated serine protease C1s binds, cleaves and activates the next two 

components of the classical pathway i.e. serine protease C4 and C2. Ultimately active CI 

component is called C1qr2s2 (Fig. 7.9 and 10). 
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Activation  of classical pathway  via IgM and IgG: 

The cascade reaction of complement system is only initiated when antibody binds to 

multiple sites on a cell surface, normally that of a pathogen. When IgM (pentameric) is 

bound to antigen on a target surface, it requires at least three binding sites for C1q 

attachment. 

In case of IgG molecule, it contains a single C1q binding site in the CH2 domain of the Fc. 

As C1q globular head requires at least two Fc sites for a stable C1-antibody reaction, it 

indicates that two IgG are required to be present on a target surface. 

The structural differences between IgM and IgG exert the effect on their activation level. 

At the activation of Clq binding, IgG requires less amount of time but a good number of 

IgG molecules are to be present. Whereas IgM activation is delayed one but it is more 

efficient, even a single IgM molecule can initiate the process (Fig. 7.11). 
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(ii)  Production  of C3 convertase:  

Active serine protease enzyme C1qr2s2 has two distinct substrates, C4 and C2. C4 

component is a large globular glycoprotein containing three polypeptide chains named 

ɻȟ ɼ ÁÎÄ ɾȢ #τ ÉÓ ÁÃÔÉÖÁÔÅÄ ×ÈÅÎ #ρÓ ÈÙÄÒÏÌÙÚÅÓ Á ÓÍÁÌÌ ÆÒÁÇÍÅÎÔ #τÁ ÆÒÏÍ ÔÈÅ ÁÍÉÎÏ 

terminus of the chain, exposed a binding site on the larger fragment C4b. The C4b 

fragment attaches to the target surface of the C1 bound to antibody on the pathogen 

surface. 

Besides, active C4 component, the activated C1s protease acts on C2 serine protease, as 

a result the smaller fragment C2b will be cleaved away from the site of action and C2a 

larger fragment will remain active at the active site. After that C4b2a active complex is 

formed which in turn act on the substrate C3 component. C4b2a is called C3 convertase 

of the classical pathway. 

(iii)  Production  of C5 convertase:  

C3 is almost very similar to C4. C3 component is with two types of polypeptide chains ɂ 

ɻ ÁÎÄ ɼȢ #σ ÃÏÎÖÅÒÔÁÓÅ ɉ#τÂςÁɊ ÈÅÌÐÓ ÔÏ ÃÌÅÁÖÅ ÔÈÅ ÓÍÁÌÌÅÒ ÆÒÁÇÍÅÎÔ #σÁ ÆÒÏÍ ÔÈÅ ÁÍÉÎÏ 

terminus of the a chain of C3 component. 

Even a single C3 convertase molecule can accelerate the production of more than 200 

molecules of C3b, and the result is amplification. In due course produced C3b binds with 

C4b2a to form a tri-molecular complex called C4b2a3b i.e. C5 convertase. 

(iv)  Action  of membrane  attack  comple x (MAC): 

C5 convertase acts on C5 protein component, cleaves C5a from the action site and C5b 

attaches to the antigenic surface. This bound C5b initiates formation of membrane-

attack complex (MAC) by taking participation of C6, C7, C8 and C9 components 

gradually and ultimately forms C5b6789 (MAC) which makes a large pore in the 

membrane of the antigen and accelerates lysis of it (Fig. 7.12). 
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2. The Alternative  Pathway:  

Besides the classical pathway, complement system can be initiated by another method 

called alternative pathway. Unlike classical pathway the alternative pathway is initiated 

by the cell-wall constituents of both gram-positive and gram- negative bacteria as 

foreign particles. 

Microbial surfaces directly affect the serine protease C3, gradually cleaving of C3 into 

C3a and C3b. This conformational change extends its effect on another factor i.e. factor 

B. In turn Ba removed from active site keeping Bb towards the C3b in presence of Mg++; 

forms C3bBb, and considered as C3 convertase of alternative pathway. 

Binding of C3b exposes a site on factor B that again serves as the substrate for an 

enzymatically active serum protein called factor D. Actually factor D cleaves the C3b 

bound factor B, and helps to form C3bBb. The action of C3bBb is very unstable, becomes 

stabilized by the presence of another exclusive serum protein properdin in this 

pathway, helps to increase the convertase activity period. 

Formation of C3bBb accelerates the auto- catalyse of more C3 component and forms 

C3bBb3b as C5 convertase. Though structural basis of C3 and C5 convertase vary in 

these two pathways of complement system but their mode of action is alike. 



20 
 

Here, C3bBb3b subsequently hydropses the bound C5, C6, C7, C8 and C9 respectively, 

resulting in Membrane Attack Complex (MAC) formation which binds to the antigenic 

surfaces of microbes (antigen). MAC gradually displaces the membrane phospholipids, 

forms a large trans-membrane channel and gradually destroys the membrane and lysis 

of the antigen occurs. 

The Lectin  mediated  pathway:  

The third pathway of complement system is lectin-mediated pathway. Lectin-mediated 

pathway is activated by the binding of mannose-binding protein present in blood 

plasma to mannose containing proteoglycans on the surfaces of the bacteria and yeast, 

it forms MBP-MASP (Mannose-binding protein-mannose-associated serum protease). In 

lectin pathway MBP-MASP acts on the substrate C4 and C2 component protein. Three 

different pathways of complement activation is shown in the Fig. 7.13. 
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Biological  Functions  of Complement  System: 

Complements  perform  different  biological  functions  like:  

 

1. Cytolysis:  

 

 

 

 

 

 

 

2. Opsonization:  

 

 

 

 

 

 

 

 

 

 

3. Activation  of inflammation:  

 

 

 

4.  
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Solubilization  and phagocytic  clearance and immune  complex:  

 

 

 

 

 

 

 

 

 

 

 

4. Molecular immunology: Peptide epitopes, T cell B cell 

antige nic properties, prediction of T and B cell epitopes, 

Chimeric peptides, polytope vaccines, Majo r Histocompatibility 

Complex, Polymorphism transplantation.

 

Objective: In this unit we will discuss about different kinds of epitopes. We will also 

discuss about polytope vaccination process, MHC and polymorphism transplantation.  

Antigen:  

Definition:  

Antigens are substances which, when introduced into the body, stimulate the 

production of antibodies. 

Chemical Nature:  

The antigens are mostly the conjugated proteins like lipoproteins, glycoproteins and 

nucleoproteins. 

Structure:  
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Antigenic determinants or epitopes (Gk. epi ɀ upon, topos- place) are components of 

antigen. Each antigen carries many epitopes. Each Y-shaped antibody molecule has 

atleast two binding sites that can attach to a specific epitope on an antigen. An antibody 

can also bind to identical epitopes of two different cells at the same time which can 

cause neighbouring cells to aggregate. Antigens combine with the antibody. The 

combination is very much like the lock and key analogy. 

 

 

 

 

 

 

 

 

 

 

 

Types: 

Based upon the ability of antigens to carry out their functions, antigens are of two types: 

complete antigens and incomplete antigens (haptens). A complete antigen is able to 

induce antibody formation and produce a specific and observable reaction with the 

antibody so produced. 

Haptens (Gr. hapten to grasp; partial antigens) are substances which are incapable of 

inducing antibody formation by themselves, but can be capable of inducing antibodies 

on combining with larger molecules (normally proteins) which serve as carriers. 

!ÎÔÉÇÅÎÓ ×ÈÉÃÈ ÁÒÅ ÐÒÅÓÅÎÔ ÏÎ ÔÈÅ ÂÏÄÙȭÓ Ï×Î ÃÅÌÌÓ ÁÒÅ ÃÁÌÌÅÄ ÔÈÅ ÁÕÔÏ-antigens or self 

antigens. The antigens on the non-self cells are known as foreign antigens or non-self 

antigens. 

H antigen:  
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Red blood corpuscles of all ABO blood groups possess a common antigen, the H antigen, 

which is a precursor for the formation of A and ˏ  ÁÎÔÉÇÅÎÓȢ $ÕÅ ÔÏ ÕÎÉÖÅÒÓÁÌ ÄÉÓÔÒÉÂÕÔÉÏÎȟ 

H antigen is not ordinarily important in grouping or blood transfusion. 

However, Bhende et al (1952) from Mumbai reported a very rare example in which A 

ÁÎÄ ˏ ÁÎÔÉÇÅÎÓ ÁÎÄ ( ÁÎÔÉÇÅÎÓ ×ÅÒÅ ÁÂÓÅÎÔ ÆÒÏÍ ÔÈÅ ÒÅÄ ÂÌÏÏÄ corpuscles. This is 

ËÎÏ×Î ÁÓ "ÏÍÂÁÙ ÏÒ /È ÂÌÏÏÄ ÇÒÏÕÐȢ 3ÕÃÈ ÉÎÄÉÖÉÄÕÁÌÓ ×ÉÌÌ ÈÁÖÅ ÁÎÔÉ !ȟ ÁÎÔÉ ˏ ÁÎÄ ÁÎÔÉ ( 

antibodies. Therefore, they can accept the blood only from their own group. 

Antigen  Presenting  Cells (APCs): 

The cells that can engulf antigen and present fragments to T cells are called antigen 

presenting cells (APCs). 

There are three types of antigen presenting cells in the body: macrophages, dendritic 

ÃÅÌÌÓ ÁÎÄ ˏ ÃÅÌÌÓȢ 

1. Macrophages: 

Macrophages are usually found in a resting state. Their phagocytic capabilities are 

greatly increased when they are stimulated to become activated macrophages. The 

macrophages are present alongwith lymphocytes in almost all the lymphoid tissues, e.g., 

monocytes as blood macrophages and histocytes as tissue macrophages. 

2. Dendritic  Cells: 

These cells are characterized by long cytoplasmic processes. Their primary role is to 

function as highly effective antigen-trapping and antigen presenting cells. These cells 

are nonphagocytic in nature. They are found in lymph nodes, spleen, thymus and skin. 

The different types of dendritic cells are: 

a. ,ÁÎÇÅÒÈÁÎȭÓ ÄÅÎÄÒÉÔÉÃ ÃÅÌÌÓ ÉÎ ÅÐÉdermis of skin which trap the organisms 

coming in contact with body surface. 

b. Dendritic cells in spleen, which trap the antigen in blood. 

c. Follicular dendritic cells in lymph nodes which trap the antigen in the 

lymph. 
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Thus macrophages and dendritic cells play an important role in the trapping and 

presenÔÁÔÉÏÎ ÏÆ ÁÎÔÉÇÅÎÓ ÔÏ 4 ÁÎÄ ˏ ÃÅÌÌÓ ÔÏ ÉÎÉÔÉÁÔÅ ÔÈÅ ÉÍÍÕÎÅ ÒÅÓÐÏÎÓÅȢ 

Steinman was awarded Nobel Prize (2011) for his discovery of the dendritic cell and its 

role in adaptive immunity. 

3. B-cells: 

-ˏcells express on their surface intra-membrane immunoglobulin (Ig) molecules that 

ÆÕÎÃÔÉÏÎ ÁÓ ˏ ÃÅÌÌ ÁÎÔÉÇÅÎ ÒÅÃÅÐÔÏÒÓȢ 3ÉÎÃÅ ÁÌÌ ÔÈÅ ÒÅÃÅÐÔÏÒÓ ÏÎ Á ÓÉÎÇÌÅ ˏ ÃÅÌÌ ÁÒÅ 

ÉÄÅÎÔÉÃÁÌȟ ÅÁÃÈ ˏ ÃÅÌÌ ÃÁÎ ÂÉÎÄ ÏÎÌÙ ÏÎÅ ÁÎÔÉÇÅÎȢ 4ÈÉÓ ÍÁËÅÓ ÔÈÅÍ ÍÕÃÈ ÍÏÒÅ ÅÆÆÉÃÉÅÎÔ 

antigen-presenting cells than macrophages, which must ingest any foreign material that 

comes their way. 

$ÅÓÃÅÎÄÁÎÔÓ ÏÆ ˏ-cells (plasma cells) produce antibodies. 

Meaning  of Cell Surface Antigens:  

Cells are antigenic. This means that when cells of one species are injected into another 

species, the recipient will first identify the injected cells as being of foreign origin and 

start producing antibodies to interact specifically with the alien cells. Therefore, the 

foreign cell that provokes antibody production in the recipient is called antigen. 

If whole cells are injected, many cell surface componentsɂlike protein, carbohydrates 

or some combination of the twoɂ may act as cellular antigen of the foreign cell. Several 

cell surface antigens have been studied in detailɂthe ABO blood group antigens, the MN 

blood group antigens, histocompatibility antigens etc. The most commonly studied cell 

surface antigens are discussed below. 
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Types of Surface Antigens:  

(i)  The ABO Blood  Group Antigens:  

The recognition of any blood grouping or specific type within it depends on the ability 

to detect the presence or absence of specific antigens on the red blood cells. Such 

antigens are found in the membrane of red cells or erythrocytes. In the human, 

classification of a person as blood type A, B, etc. is possible because of the presence of 

the detectable antigens. 

If a certain antigen is present in the red blood cells, these may be clumped by the 

corresponding antibody when it is present. If the specific antigen is not present in the 

red blood cells, the corresponding antibody anti-A or anti-B is present in the blood 

serum. 

A person of type AB blood is born with both A and B antigens in the red blood cells but 

no anti-A or anti-B antibody are found in the serum. The type O person lacks both A and 

B antigens into the membrane of the red blood cells, but the serum contains both 

antibodies anti-A and anti-B. 

All these antigens are under genetic control so that an individual may possess either A 

or B antigen, or both, or neither. When neither antigen is present, the individual is called 

O type. However, individuals with O type erythrocytes possess an antigen called H 

which is the structural foundation on which A and B antigens are built. The antigens of 

ABO system are glycolipids, with the oligosaccharide portion of the glycolipid 

responsible for antigenic properties. The oligosaccharide antigen is covalently attached 

to sphingolipids which are immersed in the bi-molecular lipid leaflet of the plasma 

membrane. There are two types of oligosaccharide core chains which, ultimately, give 

rise to two subgroups of each antigenic type. 

The difference is due to the type of linkage between galactose and N-

acetylgalactosamine at the core of the oligosaccharide. In type I chain, galactose is 

attached with either N-acetyl glucosamine or N- ÁÃÅÔÙÌÇÁÌÁÃÔÏÓÁÍÉÎÅ ÂÙ ɼ-1, 3 linkage, 

whereas in type II chain galactose is attached with N- ÁÃÅÔÙÌ ÇÌÕÃÏÓÁÍÉÎÅ ÂÙ ɼ-1, 4 

linkage. Erythrocytes that are O type, does not contain galactose or N-acetyl 

glucosamine or N- acetylgalactosamine as side chain and fucose is linked a-1, 2 
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galactose, a structure that constitutes the H antigen. From this unit the A and B antigens 

are enzymatically generated by glycosyltransferases that attach either on N- 

acetylgalactosamine unit (type A) or a galactose unit (type B). 

The level of genetic control is exercised by presence or absence of glycosyl transferees 

that modify the H antigen; adding either an A or B determinant. 

 

 

 

(ii)  The MN Blood  Group Antigens:  

The second major blood group system in human is MN system. In this case, the oligosac-

ÃÈÁÒÉÄÅ ÉÓ ÌÉÎËÅÄ ÔÏ Á ÐÒÏÔÅÉÎȟ ÇÌÙÃÏÐÈÏÒÉÎȢ )Ô ÈÁÓ Ô×Ï ÕÎÉÔÓȢ /ÎÅ ȰÔÙÐÅ ÏÆ ÕÎÉÔ ɉ!Ɋ ÉÓ 

attached through asparagine, and the other unit (B) through serine or threonine. Vari-

ations on these structures exist. 

They characteristically contain terminal sialic acid (N-acetylneuraminic acid). Both M 

and N determinants are destroyed when erythrocytes are treated with neuraminidase, 

an enzyme that removes sialic acid. 

(iii)  Histocompatibility  Antigens:  

Histocompatibility antigens are tissue cell surface proteins that differ from individual to 

individual. They are recognised by the mechanism of tissue graft rejection. There are 

different number of antigenic combinations possible on tissue surfaces and this is the 

https://www.biologydiscussion.com/wp-content/uploads/2013/11/image31.png
https://www.biologydiscussion.com/wp-content/uploads/2013/11/image31.png
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basis for the difficulties faced in getting a good tissue match for skin or organ 

transplantation surgery. 

Some of the histocompatibility antigens are strong and others are weak. H-2 antigens in 

mice and HLA-antigen in humans have been studied in detail. Both these systems have 

many genetic variants. The H-2 antigen in mice is strongly antigenic. The intact H-2 

antigen is made of two chains of which one is heavy or long and other is light or short. 

4ÈÅ ÌÉÇÈÔ ÃÌÁÉÍ ÉÓ ÁÃÔÕÁÌÌÙ Á ÐÒÏÔÅÉÎ ÁÎÄ ÉÔ ÉÓ ÃÁÌÌÅÄ ɼ-2-micro-globulin. The heavy and 

light chains interact but not by covalent bonds. The proteolytic enzyme papain cleaves 

the heavy chain in such a way that a water-soluble portion called the Fs fragment, is 

released and a small piece, the Fm fragment is left in the membrane. Partial sequences 

have been worked out for the heavy chains of both H-2 and HLA antigens and 

similarities are seen between the two types of heavy chains. 

Functions  of Surface Antige ns: 

The chemical natures of several types of surface antigens are now known. Surface 

antigens have some biological importance and are involved in many functions. For 

examples, H-2 antigens may function during the mechanism of immunological 

surveillance. 

If any change or modification in cell surface structures takes placeɂeither by mutation 

or other meansɂ the surface structures become abnormal. The abnormalities arising in 

cell surface are readily recognised by wandering lymphocytes in the immune system. 

When a defective cell is found by the lymphocytes, a message is sent to the lymph 

modes where a class of lymphocytes called killer T cells are activated and, ultimately, 

destroy the abnormal target cell. The target cell must have an H-2 antigen plus an 

abnormal or modified antigen. The normal (H-2) and the abnormal antigens may be 

present independently, or they may form a hybrid surface structure. In any case they 

are then recognised or they may attract the lymphocytes without being physically 

attached to one another. In any event, in the absence of H-2 antigen, an abnormal cell 

will avoid destruction and proliferate. 
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Epitope:  

1. An antibody that is specific for an antigen binds non-covalently to a region of the 

molecule surface known as epitope. 

2. Naturally occurring epitopes are relatively small (either amino-acids or sugar 

residues). 

3. Specific epitope should fit with the specific site present on antibody (antibody-

binding site). 

4. The site present on antibody called antigen- combining site or paratope is a cave 

pocket shaped one to match with the epitope having a convex site  

 

 

 

 

 

5. Small antigens are mainly mono-epitopic where as large proteins and 

oligosaccharides can express many different and/or identical repeating multi-epitopes. 

6. The forces responsible for binding include hydrophobic and Vander Waals forces, 

which are spherical, symmetrical and hydrogen bridges, which are directional and 

require matching of the reactants. Electrostatic forces might also contribute, but they 

act at distance. 

7. Formation of stable immune complexes normally occur only when the epitope and 

ÐÁÒÁÔÏÐÅ ÆÉÔ Ȭ*ÉÇÓÏ× &ÁÓÈÉÏÎȭȢ 

8. Not only the position of on epitope within a large molecule is important in 

determining its ability to induce an immune response, but the position of each subunit 

within the epitope may also be important. For e.g. each of the amino acid residues 

comprising a given accessible epitope might unequally contribute to bind with an 
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antibody paratope. Thus some components of an epitope are more immuno-dominant 

than others. 

9. Any amino acid can contribute to a protein epitope. The residues that are not part of 

the epitope might not bind to antibody but might influence antigen conformation and 

affect epitope binding. Substitution of even a single amino acid in an epitope can affect 

binding of antibody. 

Polytope Vaccines: 

Vaccine-induced CD8 T cells directed to tumour-specific antigens are recognised as 

important components of protective and therapeutic immunity against tumours. Where 

tumour antigens have pathogenic potential or where immunogenic epitopes are lost 

from tumours, development of subunit vaccines consisting of multiple individual 

epitopes is an attractive alternative to immunising with whole tumour antigen. In the 

present study we investigate the efficacy of two DNA-based multiepitope ('polytope') 

vaccines containing murine (H-2b) and human (HLA-A*0201)-restricted epitopes of the 

E7 oncoprotein of human papillomavirus type 16, in eliciting tumour-protective 

cytotoxic T-lymphocyte (CTL) responses. We show that the first of these polytopes 

elicited powerful effector CTL responses (measured by IFN-gamma ELISpot) and long-

lived memory CTL responses (measured by functional CTL assay and tetramers) in 

immunised mice. The responses could be boosted by immunisation with a recombinant 

vaccinia virus expressing the polytope. Responses induced by immunisation with 

polytope DNA alone partially protected against infection with recombinant vaccinia 

virus expressing the polytope. Complete protection was afforded against challenge with 

an E7-expressing tumour, and reduced growth of nascent tumours was observed. A 

second polytope differing in the exact composition and order of CTL epitopes, and 

lacking an inserted endoplasmic reticulum targeting sequence and T-helper epitope, 

induced much poorer CTL responses and failed to protect against tumour challenge. 

These observations indicate the validity of a DNA polytope vaccine approach to human 

papillomavirus E7-associated carcinoma, and underscore the importance of design in 

polytope vaccine construction. 

 

Major Histocompatibility Compleex:  

Definition  of MHC Molecule: 
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The term histocompatible refers to the individuals who the same tissues i.e. identical 

twins. This term is used to determine how identical two unrelated individuals are. In 

case of two histocompatible individuals, a tissue or organ from a donor (the person 

giving the organ or tissue) that will not be rejected by the recipient (the patient in 

whom the tissue or organ is transplanted). 

Thus, histocompatibility is the property of having the same or mostly the same alleles of 

Á ÓÅÔ ÏÆ ÇÅÎÅÓ ÃÁÌÌÅÄ ÔÈÅ ȬÍÁÊÏÒ ÈÉÓÔÏÃÏÍÐÁÔÉÂÉÈÔÙ ÃÏÍÐÌÅØȭȢ 4ÈÅÓÅ ÇÅÎÅÓ ÁÒÅ ÅØÐÒÅÓÓÅÄ 

in most tissues as antigens to which the immune system makes antibodies. 

Major histocompatibility complex (MHC) is a tightly linked cluster of genes present on 

chromosome 6 in humans (and chromosome 17 in mice) which encodes the MHC 

proteins. The MHC proteins are present on plasma membrane of almost all human 

tissue/cells. The MHC proteins participate in intercellular recognition and antigen 

presentation to T lymphocytes. 

Generally, a group of linked MHC genes is inherited as a unit from parents. These linked 

groups are called haplotypes. MHC genes are polymorphic {i.e. there are a large number 

of alleles for each gene). Also they are polygenic (i.e. there are a number of different 

MHC genes). Human MHC molecules are also called human leucocyte antigens (HLA). In 

the mid 1930s Peter Gorer (England) established the concept of rejection of foreign 

tissue due to an immune response to cell surface molecules. This gave the birth to the 

study of histocompatibility antigens. He identified four types of genes (I to IV) which 

encode blood cell antigens. During 1950 George Snell (U.S.A.) pioneered the concept 

that antigens encoded by the genes took part in the rejection of transplanted tumours. 

He called these genes as histocompatibility genes. For this work Snell was awarded the 

Nobel Prize in 1980. 

Classes of MHC Molecules: 

The MHC genes are organized into three classes I, II and III which express three classes 

of molecules Classes I, II and III, respectively (Table 22.5). Classes I MHC genes consists 

of A, B and C gene loci. They secrete glycoproteins which are referred to as Class I MHC 

molecule. Glycoproteins are expressed on the surface of about all nucleated cells. Class I 

MHC molecules present the peptide antigens to TC cells. 
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The human Class I MHC gene spans about 2,000 kb (about 20 genes) at the telomeric 

end of the HLA complex, whereas the Class II MHC genes (about 1,000 kb) are located at 

the centromeric end of HLA. Class III genes (flanked by about 10,000 kb long) located 

between the two genes. 

The DP, DQ and DR region of Class II MHC genes in humans encode the Class II MHC 

molecules called glycoproteins. They are expressed on antigen presenting cells such as 

macrophages, dendric cells and B cells, and present the processed antigenic peptides to 

TH cells. Class II molecules have specialised function in the immune response. 

Both Class I and Class II molecules have common structural features. They have role in 

antigen processing. In addition, the Class III MHC gene is flanked by Class I and Class II 

regions and encodes molecules critical to immune function. Class III MHC molecules 

consist of complement components C4, C2, BF, inflammatory cytokines, including 

tumour necrosis factor (TNF) and heat shock proteins. 

Structure  of MHC Molecules: 

The Class I molecule is a trans-membrane glycoprotein consisting of two chains: a-chain 

or heavy chain (of 42 KD molecular weight) non-covalently associated with a light chain 

ÃÁÌÌÅÄ ɼ2-micro-globulin (molecular weight 12 KD). 

4ÈÅ ɻ-ÃÈÁÉÎ ÉÓ ÏÒÇÁÎÉÚÅÄ ÉÎÔÏ ÔÈÒÅÅ ÅØÔÒÁÃÅÌÌÕÌÁÒ ÄÏÍÁÉÎÓ ɉɻ1ȟ ɻ2ȟ ɻ3Ɋ ÁÎÄ Á ȬÔÒÁÎÓ-

ÍÅÍÂÒÁÎÅ ÓÅÇÍÅÎÔȭ ɉÈÙÄÒÏÐÈÏÂÉÃɊ ÆÏÌÌÏ×ÅÄ ÂÙ Á ÓÈÏÒÔ ÓÔÒÅÔÃÈ ÏÆ ÈÙÄÒÏÐÈÉÌÉÃ 

ȬÃÙÔÏÐÌÁÓÍÉÃ ÔÁÉÌȭ ɉ&ÉÇȢ ςςȢςπ!ɊȢ 4ÈÅÓÅ ÁÒÅ ÅÎÃÏÄÅÄ ÂÙ !ȟ " ÁÎÄ # ÒÅÇÉÏÎÓ ÏÆ (,! ÃÏÍÐÌÅØ 

and expressed on the surface of plasma membrane of almost all cells except 

erythrocytes. 

ɛ2-micro-globulin molecule is expressed by different chromosomes. Association of the 

ɻ-ÃÈÁÉÎ ×ÉÔÈ ɛ2-micro-globulin is must for expression of Class I molecules on cell 

ÍÅÍÂÒÁÎÅȢ 4ÈÅ ɻ1 ÁÎÄ ɻ2 form the antigenic-binding cleft located on top of surfaces of 

molecule. 
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Class II MHC molecules are also trans-membrane glycoprotein encoded by separate 

-(# ÇÅÎÅÓȢ 4ÈÅÙ ÃÏÎÔÁÉÎ Ô×Ï ÄÉÆÆÅÒÅÎÔ ɻ ÁÎÄ ɼ ÃÈÁÉÎÓ ÏÆ σσ ÁÎÄ ςψ +$ȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 

These two chains are associated non-covalently (Fig. 22.20B). 

Further, both the chains ÆÏÌÄ ÔÏ ÇÉÖÅ Ô×Ï ÄÏÍÁÉÎÓ ɉɼ1 and ɼ2 domains in other domain), 

one is membrane proximal domain and the second is membrane-distal domain. Like 

Class I MHC molecules, the class II molecules also contain trans-segment and a 

cytoplasmic anchor segment. Each chain of Class II molecule contains two external 

ÄÏÍÁÉÎÓ ɉɻ1 and a2 ÉÎ ÏÎÅ ÃÈÁÉÎɊ ÁÎÄ ɼ1 ÁÎÄ ɼ2 domains in other chain. 

Function  of MHC Molecules: 

MHC provides both cell mediated and humoral immune responses, while antibodies 

react only ɀ with antigens, and most of the T cells recognise antigen only when it gets 

combined with an MHC molecule. Hence, MHC molecules act as antigen-presenting 

structure. 

The MHC partly determines the response of an individual to antigens of infectious 

microorganisms. Therefore, it is implicated in susceptibility to disease and in the 

development of autoimmunity. Recently, it has been explained that the natural killer 

cells express receptors for MHC Class I antigens. The receptor-MHC interaction result in 

inhibition/activation.  
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Both Class I and Class II MHC molecules present the processed endogenous antigen to 

CD8 T cells. Class II molecules present the processed exogenous antigen to CD4 T cells. 

#ÌÁÓÓ ) ÍÏÌÅÃÕÌÅÓ ÉÄÅÎÔÉÆÉÅÓ ÍÏÓÔÌÙ ÁÌÌ ÔÈÅ ÃÅÌÌÓ ÏÆ ÔÈÅ ÂÏÄÙ ÁÓ ȬÓÈÅÌÆȢ !ÌÓÏ ÔÈÅÙ ÉÎÄÕÃÅ ÔÈÅ 

production of antibodies which introduced into host with different Class I molecules. 

This is the basis for MHC typing when a patient is to undergo for antigen 

transplantation. 

Class II molecules comprise of the D group of MHC. They stimulate the production of 

antibodies. But they are required for T cell communication with macrophage and B cells. 

Part of T cells receptor recognises Class II molecules on the adjacent cell before cytokine 

secretion by T cells. This is necessary for immune response. 

Both Class I and Class II molecules recognise the microorganisms. They are also 

involved in the susceptibility of an individual to a specific non-infectious diseases e.g. 

multiple sclerosis, acute glomerulonephritis, tuberculoid leprosy, paralytic 

poliomyelitis, etc. The Class III molecules (e.g. C2, C4a and C4b) participate in the classical 

pathway and factor B in the alternate pathway of the immune responses. 

Gene Regulation  of MHC Expression: 

Regulation of MHC genes has not been studied much. Understanding of complete 

genomic map of the MHC complex hopefully will accelerate the identification and 

coding, and regulatory sequences. Transcriptional regulation of the MHC is mediated by 

both positive and negative elements e.g. MHC II trans-activator (cll TA) and 

transcription factor (RFX) binds to promoter region of Class II MHC gene. 

Any error in these transcription factors causes a type of disease in lymphocytes. 

Expression of MHC molecules is also regulated by many kinds of cytokines. Interferons 

and tumour necrosis factor increases the expression of Class I molecules on cells. 

Interferon -gamma induces the expression of cIITA. 

Expression of MHC decreases after infection by certain viruses e.g. hepatitis B virus, and 

adenovirus 12, cytomegalovirus, etc. Adenovirus 12 causes a decrease in transcription 

of the transporter genes (TAP1 and TAP2). When these genes are blocked, class I 

ÍÏÌÅÃÕÌÅÓ ÆÏÉÌ ÔÏ ÁÓÓÅÍÂÌÅ ×ÉÔÈ ɼ2-micro-globulin. Decreased level of Class I molecules 

promotes viral infection. Expression of Class II molecules by B cells is down-regulated 
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by INF-gamma. Corticosteroids and rostaglandins decrease the expression of Class II 

molecules. The MHC has been divided into three regions on the basis of structure, 

function and alloreactivity of the gene products, which-are: 1. Class ɀ I at the telomeric 

ends 2. Class ɀ II at the centromeric ends 3. Class ɀ III, which is located between class ɀ I 

and II regions. 

The classic class I and II genes code for the human leukocyte antigen (HLA), often 

referred to as histocompatibility or transplantation antigen (described above), while the 

non-classic genes encode non-HLA products with various immunologic functions. Other 

genes with no obvious functions in the immune system have also been mapped to the 

MHC because defects in such genes include the clinical syndromes of 

haemochromatosis, congenital adrenal hyperplasia and olivopontocerebellar ataxia. 

Class ɀ I genes: 

Serologic HLA typing has permitted the recognition of three highly polymorphic class ɀ I 

genes loci that encode the heavy chains of the HLA ɀ A, B and Cw molecules. More 

recently, molecular analysis of this region has identified additional non classic Class -1 

genes which are HLA ɀ E, F and G, whose protein products have similar structures to 

HLA ɀ A, B and C, but a more restricted tissue distribution. 

Similarly the class ɀ 1 pseudogenes like HLA ɀ H, J, K and L are also identified. The HLA ɀ 

!ȟ " ÁÎÄ # ÁÎÔÉÇÅÎȭÓ ɉÇÌÙÃÏÐÒÏÔÅÉÎɊ ÐÒÏÔÏÎ ÐÁÒÔ ɉ×ÈÉÃÈ ÉÓ ÁÂÏÕÔ ρς +$ -ÏÌÅÃÕÌÁÒ 

Weight) is encoded on chromosome 15. The nomenclature of individual class ɀ I alleles -

depend on whether they are identified and defined by serology or nucleotide sequence 

analysis. 

Class ɀ II  genes: 

The MHC class ɀ II molecules are cell surface glycoproteins of which the protein part 

consists of two chain a and P, which are encoded by the class ɀ II A and B genes in the 

MHC. There are at least 7 A genes and 16 B genes which can be divided into: 

(a) Functional genes 

(b) Pseudogenes 

(c) Genes of unknown status. 
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The classic class ɀ II molecules are HLA ɀ DR, DQ and DP which are encoded by the DRA, 

DRB, DQA, DQB, DPA and DPB genes. The other expressed genes include DNA, DOB, 

DMA and DMB. The number of genes in the DR subregion varies depending on the 

haplotype. 

All haplotype carry a single a-chain gene DRA and 2-υ ɼ ÃÈÁÉÎ ÇÅÎÅÓȟ ÂÕÔ ÏÎly one or two 

of these are expressed, while the others are pseudogenes. It has also been found that 

there are high polymorphism occurs in the class ɀ II molecules and which is mainly due 

ÔÏ σ ÈÙÐÅÒÖÁÒÉÁÂÌÅ ÒÅÇÉÏÎÓ ÉÎ ÔÈÅ ɻ1 ÁÎÄ ɼ1 domains encoded by the second exons of the 

genes. 

Class ɀ III  genes: 

The MHC class ɀ III regions contains genes that encode serum proteins involved in the 

effector functions of the immune system. These include components of the complement 

system that mediate cytotoxicity, phagocytosis and inflammation following exposure to 

antigen- antibody complexes and the inflammatory mediators, tumor necrosis factor 

ɉ9.&Ɋ ɻ ÁÎÄ ɼȢ 

Other immunoregulatory molecules encoded by the class ɀ III regions of the MHC may 

include three proteins of the heat shock protein Hsp 70 family, Hsp 70-1, Hsp 70-2 and 

Hsp 70-Hom which have been predicted to serve a variety of immune functions, 

including protein folding and intracellular chapteroning and may play a part in antigen 

processing. Several novel expressed genes in the MHC, to which functions have not yet 

been attributed, may also ultimately be implicated in the immune system. 

 

MHC and Disease Susceptibility:  

Because of the important roles played by the products of the MHC genes in the immune 

system, it is not surprising that these genes, have an important influence on immune 

disorders. 

These disorders  can be divided  mechanistically  into  two  types:  

1. Autosomal recessive immune deficiency caused by genetic defects that aborgate the 

synthesis of MHC gene products. 
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2. MHC associated disease concerns genetic susceptibility to a large number of disorders 

that involve MHC alleles which are also present in the general population. 

The most  commonly  occurring  MHC ÁÓÓÏÃÉÁÔÅÄȱ diseases are: 

(a) Autoimmune disease 

(b) Insulin dependent Diabetes Mellitus 

(c) Adult Rheumatoid arthritis 

(d) Juvenile Rheumatoid arthritis 

(e) Systemic Lupus Erythematosus 

(f) Lupus Nephritis 

(g) Autoimmune Hepatitis 

 

 

 

5. Clinical Immunology: C ytokines: properties, receptor, 

antagonists, diseases, Therapeutic use of cytokines 

Experimental immunology: Vaccine dev elopment 

(Recombinant, Combined and polyvalent vaccines), Antigen 

Antibody reactions in diagnostics. Cancer Immunology, 

Transplantation immunology.

 

Objective: In this unit we will discuss about properties and functions of cytokine 

molecules. We will also discuss about vaccination process . Antigen antibody 

interactions and cancer immunology will also be discussed along with transplantation 

immunology.  

Cytokines:  

1. Cytokines are a group of low-molecular- weight regulatory proteins secreted by WBC 

and other cells in the body. 

2. Cytokine secretion is very specific and self- limited event as because they are not 

usually stored as performed molecules. Cytokine synthesis is initiated by new gene 
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transcription as a consequence of cellular activation. Once synthesized, cytokines are 

rapidly secreted, resulting in a burst of release when needed. 

3. After secretion, cytokines (almost 60 different types of cytokines) regulate immune 

and inflammatory reactions (Fig. 8.1A, B). 

 

4. Cytokines bind to specific receptors on the membrane of target cells, triggering 

signal- transduction pathways that ultimately alter gene expression in the target cells 

(Fig. 8.2). The nature of the target cell for a particular cytokine is determined by the 

presence of specific membrane receptors. Cytokines are so specific due to their high 

affinity for which Pico molar concentrations of cytokines can mediate a biological effect. 
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5. Cytokine actions may be local or systemic. 

(i) Most of the cytokines act close to where they are produced, A particular cytokine 

when binds to receptors on the membrane of the same cell from where it has been 

secreted is called autocrine action (Fig. 8.3A). 

(ii) When secreted cytokines bind to receptors on a target cell in close proximity to the 

producer cells, it is called paracrine action (Fig. 8.3B). 

(ii)  In most of the cases, cytokines act on cells that are in contact with the cytokine 

producers but when cytokines are produced in large amounts, it may enter the 

circulation and act at a distance from the site of production (Fig. 8.3C). This is 

called endocrine action. 
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6. Cytokines often influence the synthesis and actions of other cytokines and different 

immune cells. The ability of one cytokine to stimulate production of others, leads to cas-

cade in which a second or third cytokine may mediate the biological effects of the first. 

Cytokines regulate the intensity and duration of the immune response by stimulating or 

inhibiting the activation, proliferation and differentiation of various cells. 

7. The cytokines secreted by a single lymphocyte following antigen-specific activation 

can influence the activity of various cells involved in the immune response. For example, 

cytokines produced by activated TH cells (T-helper cells) can influence the activity of B-

cells, Tc cells, natural killer cells (NK cells), macrophages, granulocytes and haemato-

poietic stem cells. This means that it activates an entire network of interacting cells. 

8. Cytokines exhibit the attributes of pleiotropy, redundancy, synergy and antagonism. 

Pleiotropism refers to the ability of one cytokine to act on different cell types which 

action; fewer exhibit endocrine action allows a cytokine to mediate diverse biological 

effects (Fig. 8.4A). 
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Redundancy refers to the property of multiple cytokines i.e. two or more cytokines 

having the same functional effects. This property of cytokine makes it difficult to explain 

a particular activity to a single cytokine (Fig. 8.4B). 

Synergism exhibits to the phenomenon when the combined effect of two cytokines on 

cellular activity is greater than the additive effects of the individual cytokines (Fig. 

8.4C). 

Antagonism indicates the property that is just opposite to the synergism as in this case, 

the effects of one cytokine inhibit or offset the effects of another cytokine (Fig. 8.4D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. Cytokine activity is also being regulated by external signals, the expression of 

cytokine receptors vary and also the responsiveness of cells to cytokines. As for 
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example, stimulation of T or B-lymphocytes by antigens leads to increased expression of 

cytokine receptors. 

10. Many of the changes in gene expression induced by cytokines result in 

differentiation of T and B-lymphocytes and activation of effector cells such as 

macrophages. 

11. Besides activation, cellular responses to cyto¬kines can also include feedback 

inhibitory signals to the cytokine activity. These mechanisms include cytokine induction 

of gene encoding inhibitors of the cytokine receptors. These inhibitors may inhibit the 

function of cytokine receptors expressed on the cell sur¬face, molecules that block 

interactions of signalling kinases, phosphatases. 

 

On the basis of principal  biologic  actions;  cytokines  are grouped  under  thr ee 

basic categories:  

(i)  Mediators  and regulators  of innate  immunity:  

These are produced mainly by mononuclear phagocytes in response to infectious 

agents: Pathogen-associated molecular patterns; like bacterial lipopolysaccharides 

(LPS) and viral double stranded RNA (dsRNA), also bind to Toll like receptors (TLRs) on 

the cell surface or in endosomes of macrophages and stimulate the synthesis of some 

important cytokines of innate of Innate immunity. They act on endothelial cells and 

leukocytes. 

(ii)  Mediators  and regulators  of adaptive  immunity:  

These are produced mainly by T-lymphocytes in response to specific recognition of 

foreign antigens. Some T-cell cytokines regulate the growth and differentiation of 

various lymphocyte populations and are related with T cell-dependent immune 

responses. These cytokines also regulate and activate mononuclear phagocytes, neutro-

phils and eosinophils. 
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The comparative feature of cytokines of Innate and Adaptive immunity are placed in 

Table 8.3. 

 

(iii)  Stimulators  of haematopoiesis:  

These are produced by bone marrow stromal cells, leukocytes and other cells, and 

stimulate the growth and differentiation of immature leukocytes. Therefore, in general, 

the cytokines of innate and adaptive immunity are produced by different cell 

populations and act on different target cells. The functions of different cytokines are 

mentioned in Table 8.4. 
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Vaccines: 

The immune system is a complex system of interacting cells whose primary function is 

to identify foreign ÆÒÏÍ ÓÅÌÆ ÁÎÄ ÅÌÉÍÉÎÁÔÅ ÉÔȟ ÕÓÕÁÌÌÙ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ȰÁÎÔÉÇÅÎÓȱȢ 4ÈÅ 

defense system of the body against this antigen usually involves the elicitation of both 

innate and adaptive branch of immunity. Acquired immunity concerns the production 

of protein molecules by B lymphocytes, called antibodies (or immunoglobulins), and of 

specific cells, including T-lymphocytes (also known as cell-mediated immunity) along 




