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INTRODUCTION TO THE IMMUNE SYSTEM 

The immune system is remarkably versatile defence system that has evolved to protect animals 

from invading pathogenic microorganisms and cancer. It is able to generate an enormous variety 

of cells and molecules capable of specifically recognizing and eliminating an apparently limitless 

variety of foreign invaders. These cells and molecules act together in a dynamic network whose 

complexity rivals that of the nervous system.  

Functionally, an immune response can be divided into two related activities — recognition and 

response. Immune recognition is remarkable for its specificity. The immune system is able to 

recognize subtle chemical differences that distinguish one foreign pathogen from another. 

Furthermore, the system is able to discriminate between foreign molecules and the body’s own 

cells and proteins. Once a foreign organism has been recognized, the immune system recruits a 

variety of cells and molecules to mount an appropriate response, called an effector response, to 

eliminate or neutralize the organism. In this way the system is able to convert the initial 

recognition event into a variety of effector responses, each uniquely suited for eliminating a 

particular type of pathogen. Later exposure to the same foreign organism induces a memory 

response, characterized by a more rapid and heightened immune reaction that serves to eliminate 

the pathogen and prevent disease.  

Types of Immunity 

Innate Immunity: Innate immunity can be seen to comprise four types of defensive barriers: 

anatomic, physiologic, phagocytic, and inflammatory. 
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TYPE MECHANISM 

Anatomic barriers 

Skin Mechanical barriers retards entry of microbes. 

Acidic environment (pH 3-5) retards growth of 

microbes. 

Mucous membranes Normal flora compete with microbes for attachment 

sites and nutrients. 

Mucus entraps foreign microorganisms. 

Cilia propel microorganisms out of body. 

Physiologic barriers 

Temperature 
Normal body temperature inhibits growth of some 

pathogens. 

Fever response inhibits growth of some pathogens. 

Low pH Acidity of stomach contents kills most ingested 

microorganisms. 

Chemical mediators Lysozyme cleaves bacterial cell wall. 

Interferon induces antiviral state in uninfected cells. 

Complement lyses microorganisms or facilitates 

phagocytosis. 

Toll-like receptors recognize microbial molecules, 

signal cell to secrete immunostimulatory cytokines. 
Collectins disrupt cell wall of pathogen. 

Phagocytic/endocytic 

barriers 

Various cells internalize(endocytose) and break down 

foreign macromolecules. 

Specialized cells(blood monocytes, neutrophils, tissue 

macrophages) internalize(phagocytose), kill, and 

digest whole microorganisms.  

Inflammatory barriers Tissue damage and infection induce leakage of vascular 

fluid, containing serum proteins with antibacterial 

activity, and influx of phagocytic cells into the 

affected area. 
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Adaptive Immunity 

Adaptive immunity or acquired immunity, obtained in some manner other than heredity. It 

provides specific, nonhereditary defense and protection after exposure to a specific pathogen. 

(A) Naturally acquired adaptive immunity is obtained by having a specific disease. The 

immune system respond to antigens, activates T cells, produces antibodies to protect 

against the same disease. Colostrum is the first fluid secreted by the mammary glands 

after childbirth. It contains a lot of antibodies. Only protect for a short time then 

disappear. 

 Naturally acquire passive immunity refers to the antibodies across the placenta and in 

breast milk. 

(B) Artificially acquired adaptive immunity is obtained by the injections of vaccine that 

produces immunity. 

All animals have an innate immune system. Only vertebrates have an adaptive immune system. 

Active and Passive Immunity 

  In active immunity, an individual’s own immune system makes antibodies. 

  In passive immunity, ready-made antibodies are introduced into the body. 

 Naturally acquired passive immunity is by receiving antibodies from planceta or in 

colostrums. 

 Artificially acquired passive immunity is by receiving injection of gamma globulin 

or immune serum. 

Other Classifications 

Types of Immunity 

A. Natural (innate) immunity/natural resistance – the inherited immunity individual may 

possess due to race, species, or ethnic background (some groups naturally resistant to 

certain diseases, just as some are more susceptible to certain diseases). 

B. Acquired Immunity – the body develops specific immunity (antibodies and cells) 

against invading agents such as lethal bacteria, viruses, toxins, and even foreign tissues 

from other organisms. This is further classified in two types: 

o Active Humoral immunity: 

 Active natural immunity:  comes from having the diseases (ex. Mumps) 

acquired during bacterial and viral infections. 

 Active artificial immunity:  comes from receiving a vaccination containing a 

modified pathogen or toxin, which stimulates production of antibodies. 
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o Passive Humoral  immunity: 

 Passive natural immunity – antibodies received through maternal-fetus 

transmission (antibodies are temporary – antibodies will protect for up to 6 

months or longer if the mother continues nursing) 

 Passive artificial immunity – injection of antibodies (antitoxins, gamma 

globulin) 

 

C. Cell Mediated Immune Response 

 Lymphocytes 

 MHC (major histocompatibility complex: Cell surface proteins that mark everybody 

cell as self. 

Immune Response 

Two Types of Immune Responses 

o Cell-mediated immunity: Direct response of T cells to antigens. T cells are responsible for 

cell medicated immunity 

 Killer cells bind to surface of invading cell, disrupt the membrane, and destroy it by 

altering its internal environment 

 Helper cells stimulate B cells to mature into plasma cells, which begin to synthesize 

and secrete immunoglobulin  (proteins with known antibody activity) 

 Suppressor cells reduce the humoral immunity 

o Humoral immunity: Also called immunoglobulin-mediated immunity. Associated with 

circulating antibodies. B cells are responsible for humoral immunity 

 B lymphocytes enlarge and divide to become mature plasma cells. 

 The plasma cells secrete antibodies into blood and lymph 

Immunogenicity Versus Antigenicity 

Immunogenicity and antigenicity are related but distinct immunologic properties. 

Immunogenesity is the ability to induce immune response. For example: humeral or cell 

mediated immunity. 

Although a substance that induces a specific immune response is usually called an antigen, it is 

more appropriately called an immunogen. 

Antigenicity is the ability to combine specifically with the final products of the above responses 

(i.e., antibodies and/or cell-surface receptors). 
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All the molecules that are immunogen are antigen but all antigens cannot be immunogen. For 

example, heptanes are antigenic but not immunogenic. 

Factors That Influence Immunogenicity 

Proteins are the most potent immunogens, with polysaccharides ranking second. In contrast, 

lipids and nucleic acids of an infectious agent generally do not serve as immunogens unless they 

are complexed with proteins or polysaccharides. For cell-mediated immunity, only proteins and 

some lipids and glycolipids serve as immunogens. These molecules are not recognized directly. 

Proteins must first be processed into small peptides and then presented together with MHC 

molecules on the membrane of a cell before they can be recognized as immunogens. 

Immunogenesity of Immunogen 

Immunogenicity of an immunogen is determined by four properties 

 Foreignness 

 Molecular size 

 Chemical composition and heterogeneity 

 Ability to be processed and presented with an MHC molecule on the surface of an antigen-

presenting cell or altered self-cell. 

Foreignness 

Immunogenicity is directly proportional to foreignness of antigen. Generally the greater the 

phylogenetic distance between two species, the greater the structural (and therefore the 

antigenic) difference between them. For example: Bovine serum albumin (BSA) is not 

immunogenic for cow but strongly immunogenic for rabbits.  

Some exeptions are laso there. Some macromolecules like collagen and cytochrome-C are highly 

conserved throughout evolution that is why express little immunogenicity. Some self-

components (e.g. corneal tissue and sperm) are effectively sequestered from the immune system, 

so that if these tissues are injected even into the animal from which they originated, they will 

function as immunogens. 

Molecular Size 

There is a correlation between the size of a macromolecule and its immunogenicity. The most 

active immunogens tend to have a molecular mass of 100,000 daltons (Da). Thus, if molecular 

weight decreases, immunogenicity also decreases. 

Chemical Composition and Heterogeneity 

Chemical composition plays an important role to make a molecule immunogenic. For example, 

synthetic homopolymers (polymers composed of a single amino acid or sugar) tend to lack 

immunogenicity regardless of their size. Copolymers composed of different amino acids or 
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sugars are usually more immunogenic than homopolymers of their constituents. Immunogenicity 

is directly proportional to complexity of immunogen.  

Thus the immunogenicity in proteins (if we consider all four levels of protein organization i.e. 

primary, secondary, tertiary, and quaternary): 

Quaternary > Tertiary > Secondary > Primary 

Susceptibility to Antigen Processing and Presentation 

The development of both humoral and cell-mediated immune responses requires interaction of T 

cells with antigen that has been processed and presented together with MHC molecules. Large, 

insoluble macromolecules generally are more immunogenic than small, soluble ones because the 

larger molecules are more readily phagocytosed and processed. Macromolecules that cannot be 

degraded and presented with MHC molecules are poor immunogens. 

Ex. Polymers of D-amino acids, which are stereoisomers of the naturally occurring L-amino 

acids. Because the degradative enzymes within antigen-presenting cells can degrade only 

proteins containing L-amino acids, polymers of D-amino acids cannot be processed and thus are 

poor immunogens. 

Haptanes 

Those substances who fail to induce immune responses in their native form because of their low 

molecular weight and their less chemical complexity called haptens. Haptens are antigenic but 

not immunogenic. These molecules become immunogenic and can induce immune response 

when they are conjugated to high molecular weight, physiochemically complex carriers.  

Antigen- antibody Interactions 

Ag:Ab interaction is highly specific and occurs in similar way as enzyme substrate interaction. 

The binding between antigens and immune components (intigen:antibody binding) involves 

weak non-covalent interactions. The binding forces are relatively weak and reversible and 

consist mainly of van der walls forces, electrostatic forces, and hydrophobic interactions.  

The smallest unit of antigen that is capable of binding with antibodies is called antigenic 

determinant or epitope. The corresponding area on antibody molecule combining with the 

epitope is called paratope. The number of epitops on the surface of antigen is its valence. The 

valence determines the number of antibody molecules that can combine with the antigen at one 

time. If one epitope is present, the antigen is monovalent. Most antigen, however, have more 

than one copy of same epitope and are termed polyvalent.  

Affinity and Avidity 

The intrinsic association constant that characterizes the non-covalent interaction between single 

antigen binding sites of an antibody with an epitope is termed affinity.  

When the antigen consists of many repeating identical epitope or when antigens are multivalent, 

the association between entire antigen molecules and antibodies depend not only on affinity 
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between each epitope and its corresponding antibody but also depend on the sum of affinities of 

all the epitops involved.  

The term avidity is used to represent the overall binding between antibodies and a multivalent 

antigen. So, when complex antigen having multiple repeating epitops, are mixed with antibody 

having multiple binding sites, the interaction of such type between multivalent Ab and Ag is 

called, the avidity.  

Thus, in general, IgM antibodies with 10 antigen binding sites are of higher avidity the IgG 

antibodies, although the binding of each Fab in the IgM antibody  with ligand may be of the 

same affinity as that of the Fab from IgM.  

Adjuvants 

Adjuvants are a substance that when mixed with an immunogen and injected with it, enhances 

the immune response against the immunogen. Adjuvants are often used to boost the immune 

response in case of weak immunogen or when antigens are available in small amount.  

A adjuvant and a carrier molecule for a hapten is different. Heptanes will become immunogenic 

when conjugated covalently to a carrier; it will not immunogenic if mixed with an adjuvant.  

Thus an adjuvant enhances the immune response to immunogens but does not confer the 

immunogenicity to haptens.  

While many adjuvants have been developed in animal models and tested experimentally in 

humans, only one has been used for routine vaccination. Currently aluminium potassium sulfate 

(alum) is a common adjuvant used for human vaccines. Alum prolongs the persistence of 

antigen. When an antigen mixed with alum, the salt precipitates the antigen.  

Another commonly used adjuvants is Freund’s complete and incomplete adjuvant. Freund’s 

incomplete adjuvant contains antigen in aqueous solution, oil, and an emulsifying agent such as 

mannide monooleate. Freund’s complete adjuvant contains heat-killed mycobacteria as an 

additional ingredient.  

Cross Reactive Antigens 

Cross reactive antigen is one which is capable of binding to antibody produced in response to a 

different antigen. This is due to sharing of antigenic determinants by the two antigen. One such 

cross reactive antigen is hetrophyle antigen.  

Hetrophyle Antigen or Hetrogenetic Antigen 

These are the antigen which present on the surface of tissue cells of unrelated plants, animals and 

bacteria but are identical so that the antibody to one will cross reacts with other. Very often these 

hetrogenetic antigens are polysaccharides. For example: human blood group ‘a’ antigen is cross 

reactive with antibody of pneumococcal capsular polysaccharide ‘type XIV’. 

 Human blood group is cross reactive with certain strain of E. coli, common colon bacteria.  
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Forssman Antigen 

This antigen is truly hetrogenetic as it is found on the RBCs of many species such as horse, 

sheep, dog, cat, wheal, toad and many other organisms. Humans are generally forssman negative.  

Comparison of Antigen Recognition by T cells and B Cells 

The recognition of antigen by T cells and B cells is fundamentally different. B cell recognize 

soluble antigens whereas most T cells recognize only peptide combined with MHC molecules.  

Table: Antigen Recognition By B And T Cells 
 

CHARACTERISTICS B CELLS T CELLS 

Antigen interaction B cell receptor 

(membrane Ig) binds 

antigen 

T cell receptor binds 

antigen presented 

with MHC 

Nature of antigens Protein, polysaccharide, 

glycolipid 

Peptide 

Binding to soluble 

antigens 

Yes No  

Epitops recognized Accessible areas of 

protein structure 

containing sequential 

amino acids and 

nonsequential amino 

acids 

Antigen processed 

internally and 

presented as linear 

peptides bound to 

MHC molecules 

 MHC molecules  Required to display 

processed antigen 

T- independent and T-dependent Antigens 

T-dependent (TD) antigens are those that requires direct contact with T helper (Th) cells, not 

simply exposure to Th – derived cytokines to stimulate B-cells for the production of antibody. 

Proteins are TD antigens.  

T- independent (TI) antigens are antigens that can activate B cells in the absence of any direct 

contact with Th cells. Examples of TI antigens are lipopolycasscahride (LPS) of bacterial outer 

membrane, bacterial flagellin and cell-wall and capsular polysaccharides.  

Unlike the TD antigens, the TI antigens: 

 Do not produce isotype switching (IgM is exclusively produced) 

 Do not demonstrate affinity maturation (in which antibodies of progressively higher affinity 

are produced). 

 Do not show immunological memory and secondary immune responses.  
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Superantigens 

Superantigens are viral or bacterial proteins that bind simultaneously to the variable domain of β 

of a T cell receptor and to the α chain of class II MHC molecule. Because of their unique binding 

ability, superantigens can activate large number of T cells irrespective of their antigenic 

specificity. Superantigen can be exogenous or endogenous. 
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GATE 2007 
 

Q.1 In addition to adjuvants, generation of anti-hapten antibodies will require injection of 

 (A) the hapten to a mice 

 (B) a mixture of hapten and protein to a mice 

 (C) the hapten covalently linked to a protein to a mice 

 (D) a mixture of hapten and lipid to a mice 

GATE 2009 
 

Q.2 Which of these can be an antigen but cannot induce immune responses ? 

 (A) Hemacyanin    (B) Influenza virus 

 (C) Azobenzene arsonate   (D) Corynebacteria 
 

Answers 

 1-C. 

 2-C. 

 

 


