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Objectives:  

To understand about immune response and immunological techniques  

 

Unit I  

Elements of Immunology. Types of immunity- innate and acquired. Humoral and cell 

mediated immunity. Central and peripheral lymphoid organs- Thymus, bone marrow, 

spleen, lymph nodes and other peripheral lymphoid tissues- GALT. Cells of the immune 

system- lymphocytes, mononuclear phagocytes- dendritic cells, granulocytes, NK cells 

and mast cells, cytokines. Antigens vs immunogens – types – determinants – Haptens - 

Factors influencing immunogenicity. Immunoglobulins structure, classification and 

functions. Isotypes, allotypes and idiotypes.  

Unit II  

Complement activation and its biological consequences. Theories of Antibody 

formation. – Factors influencing antibody production – Genetic basis of antibody 

diversity. T-cell, B-cell receptors, Antigen recognition- processing and presentation to T-

cells. Interaction of T and B cells. Immunological memory. Effector mechanisms- 

macrophage activation. Cell mediated cytotoxicity, immunotolerance, 

immunosuppression.  

Unit III  

MHC genes and products. Polymorphism of MHC genes, role of MHC antigens in immune 

response, MHC antigens in transplantation. Transplantation types. Immune responses 

to infectious diseases- Viral, bacterial and protozoal. Tumor antigens-immune response 

to tumor antigens-immunotherapy. AIDS and other immunodeficiency disorders. 

Autoimmunity - Autoimmune diseases – pathogenesis - treatment. Hypersensitivity - 

types & Mechanism.  

Unit IV  

Immunization practices- active and passive immunization. Vaccines- killed, attenuated- 

toxoids. Recombinant vector vaccines- DNA vaccines, synthetic peptide vaccines- anti 

idiotype vaccines. Hybridomas - production of polyclonal and monoclonal antibodies. 

Principles, techniques and application. Genetically engineered antibodies. Fractionation 

of leucocytes by density gradient centrifugation. Identification of lymphocytes and their 

subsets in blood. Leukocyte migration inhibition technique. Delayed type 

hypersensitivity technique.  

 

 

 



 
 

Unit V  

Agglutination and precipitation: Techniques - Immuno-electrophoresis, RIA, 

immunoblotting assay, Avidin- biotin mediated immuno assay. Immunohistochemistry- 

immunofluorescence, immunoferritin technique. Cytokines assay: ELISA and ELISPOT, 

Abzymes. Experimental animal models: inbred strains, SCID mice, nude mice, knockout 

mice cell culture system: Primary lymphoid culture cloned lymphoid cell lines.  
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UNIT I 

Introduction to immune system & Immunity 

Introduction: 

    Historically, immunity is defined as resistance to disease, specifically infectious 

disease. But it has become apparent that the mechanisms that confer protection against 

diseases also operate when a body mounts a reaction against some innocuous 

substances. Such a reaction is triggered when certain foreign substance invade the body 

from outside. The mechanisms of immunity that protects against diseases caused by the 

foreign agents can themselves injure the body and cause disease at the same time. 

Therefore, immunity has been redefined as a reaction against foreign substances 

including - but not limited to – infectious microorganisms. This reaction may or may not 

be protective.  The collection of cells, tissues, and molecules that mediate resistance to 

infections is called the immune system, and the coordinated reaction of these cells and 

molecules to infectious microbes comprises an immune response. Immunology is the 

study of the immune system, including its responses to microbial pathogens and 

damaged tissues and its role in disease.  

Historical overview: 

     Immunology as a discipline came out of the observation that individuals who had 

recovered from certain infectious diseases were thereafter able to protect from the 

disease. The Latin term immunis, meaning “exempt,” is the source of the English word 

immunity which means a state of protection from infectious disease. Perhaps the 

earliest written reference to the phenomenon of immunity can be traced back to 

Thucydides, the great historian of the Peloponnesian War. In describing a plague in 

Athens, he wrote in 430 BC that only those who had recovered from the plague could 

resist the disease because they would not contract the disease a second time. Although 

early societies recognized the phenomenon of immunity, almost 2000 years passed 

before the concept was successfully converted into medically effective practice. 

Importance of immune system: 

    The most important physiologic function of the immune system is to prevent or erad-

icate infections. The importance of the immune system for health is dramatically 

illustrated by the frequent observation that individuals with defective immune 

responses are susceptible to serious, often life-threatening infections. Conversely, 

stimulating immune responses against microbes through vaccination is the most 



 
 

effective method for protecting individuals against infections. The immune system does 

more than provide protection against infections (Fig. 1). It prevents the growth of some 

tumors, and some cancers can be treated by stimulating immune responses against 

tumor cells. Immune responses also participate in the clearance of dead cells and in 

initiating tissue repair. 

In contrast to these beneficial roles, abnormal immune responses cause many 

inflammatory diseases with serious morbidity and mortality. The immune response is 

the major barrier to the success of organ transplantation, which is often used to treat 

organ failure. The products of immune cells can also be of great practical use. For 

example, antibodies, which are proteins made by certain cells of the immune system, 

are used in clinical laboratory testing and in research as highly specific reagents for 

detecting a wide variety of molecules in the circulation and in cells and tissues. Antibod-

ies designed to block or eliminate potentially harmful molecules and cells are used 

widely for the treatment of immunologic diseases, cancers, and other types of disorders. 

Role of the immune system Implications 

Defense against infections Deficient immunity results in increased 
susceptibility to infections; exemplified 
by AIDS Vaccination boosts immune 
defenses and protects against infections 

Defense against tumors Potential for immunotherapy of cancer 

The immune system can injure cells and 

induce pathologic inflammation 

Immune responses are the cause of 

allergic, autoimmune, and other 

inflammatory diseases 

The immune system recognizes and 

responds to tissue grafts and newly 

introduced proteins 

Immune responses are barriers to 

transplantation and gene therapy 

Fig 1: Importance of the immune system in health and disease. 

Innate and adaptive immunity: 

Immunity is a part of a complex system of defense reactions of the body. These defense 

reactions can be innate or acquired. Innate (or natural) immunity refers to the work of 

mechanisms that pre-exist the invasion of foreign substances. These include physical 

barriers like the skin and mucosal surfaces; chemical substances (mostly proteins) that 

neutralize microorganisms and other foreign particles; and specialized cells that engulf 

and digest foreign particles. The mechanisms of innate immunity are non-specific, i.e., 



 
 

they do not discriminate between different kinds of foreign substances. Also, the innate 

immunity is non-adaptive, i.e., the nature or quality of the reaction to a foreign 

substance does not change when the organism encounters this substance repeatedly.  

Innate immunity constitute the first line of defense and is provided by epithelial 

barriers of the skin and mucosal tissues and by cells and natural antibiotics present in 

epithelia, all of which function to block the entry of microbes. If microbes do breach 

epithelia and enter the tissues or circulation, they are attacked by phagocytes, 

specialized lymphocytes called innate lymphoid cells, which include natural killer cells, 

and several plasma proteins, including the proteins of the complement system. All these 

mechanisms of innate immunity specifically recognize and react against microbes. In 

addition to providing early defense against infections, innate immune responses 

enhance adaptive immune responses against the infectious agents.  

Acquired or adaptive immunity refers to a reaction that is caused by the invasion of a 

certain foreign substance. The elements of this reaction pre-exist the invasion of the 

foreign substance, but the reaction itself is generated strictly in response to a certain 

foreign agent (which is called an antigen) and changes its magnitude as well as quality 

with each successive encounter of the same antigen. The acquired immunity is highly 

specific, i.e., the system discriminates between various antigens, responding with a 

unique reaction to every particular antigen. The acquired (or specific) immunity is 

highly adaptive, i.e., the nature or quality of the reaction to an antigen changes after the 

encounter with this antigen, and especially when the organism encounters the same 

antigen repeatedly. The ability of the immune system to ‘‘remember’’ an encounter with 

an antigen and to develop a qualitatively better response to it is called the immune 

memory. This feature is a paramount property of specific immunity.  

 

Fig 2 : Principal mechanisms of innate and adaptive immunity. 



 
 

Adaptive immune responses are especially important for defense against infectious 

microbes that are pathogenic for humans (i.e., capable of causing disease) and may have 

evolved to resist innate immunity. Whereas the mechanisms of innate immunity 

recognize structures shared by classes of microbes, the cells of adaptive immunity 

(lymphocytes) express receptors that specifically recognize a much wider variety of 

molecules produced by microbes as well as non-infectious substances. Any substance 

that is specifically recognized by lymphocytes or antibodies is called an antigen. 

Adaptive immune responses often use the cells and molecules of the innate immune 

system to eliminate microbes, and adaptive immunity functions to greatly enhance 

these antimicrobial mechanisms of innate immunity. For example, antibodies (a 

component of adaptive immunity) bind to microbes, and these coated microbes avidly 

bind to and activate phagocytes (a component of innate immunity), which ingest and 

destroy the microbes. 

 In this manner, the innate and adaptive immunity operate in cooperative and inter-

dependent ways. The activation of innate immune responses produces signals that 

stimulate and direct subsequent adaptive immune responses. And, the innate immunity 

is phylogenetically older than the more specialized and powerful adaptive immune 

response. 

Humoral and cell-mediated immunity:  

Immunity can be active or passive. Active immunity refers to the immune reaction that 

develops in an organism after the introduction of an antigen (immunization). An 

organism that is not immunized but receives blood cells or serum from an actively 

immunized individual acquires passive immunity. From observations on animals 

acquiring passive immunity with a transfer of either serum or cells, immunologists 

learned that immunity could be humoral or cellular (or cell-mediated). The former is 

conferred by substances dissolved in serum and other body fluids. Today we know that 

these soluble substances are antibodies and that they are produced by B lymphocytes. 

Cells, more precisely, lymphocytes and accessory cells with the necessary participation 

of T lymphocytes, confer cellular immunity. T lymphocytes play a major role in the 

recognition of antigens and their elimination, but they do not produce antibodies.  

Humoral immunity is mediated by proteins called antibodies, which are produced by 

cells called B lymphocytes. Secreted antibodies enter the circulation and mucosal fluids, 

and they neutralize and eliminate microbes and microbial toxins that are present 



 
 

outside host cells, in the blood, extracellular fluid derived from plasma, and in the 

lumens of mucosal organs such as the gastrointestinal and respiratory tracts. One of the 

most important functions of antibodies is to stop microbes that are present at mucosal 

surfaces and in the blood from gaining access to and colonizing host cells and 

connective tissues. In this way, antibodies prevent infections from ever being 

established. Antibodies cannot gain access to microbes that live and divide inside 

infected cells. 

 

Fig 3 : Types of adaptive immunity 

Defense against such intracellular microbes is called cell-mediated immunity because it 

is mediated by cells, which are called T lymphocytes. Some T lymphocytes activate 

phagocytes to destroy microbes that have been ingested by the phagocytes into 

intracellular vesicles. Other T lymphocytes kill any type of host cells that are harboring 

infectious microbes in the cytoplasm. In both cases, the T cells recognize microbial 

antigens that are displayed on host cell surfaces, which indicates there is a microbe 

inside the cell.  

The specificities of B and T lymphocytes differ in important respects. Most T cells 

recognize only protein antigens, whereas B cells and antibodies are able to recognize 

many different types of molecules, including proteins, carbohydrates, nucleic acids, and 

lipids.  



 
 

Characteristic features of immune response: 

Specificity-  Each response is uniquely specific to a particular antigen. In fact, antigen 

receptors of lymphocytes are able to recognize parts of complex antigenic molecules. 

The part of an antigen that an antigen receptor uniquely recognizes is called antigenic 

determinant or epitope. 

Diversity-  All immune responses involve lymphocytes whose antigen specificity is 

already determined. The array of antigenic specificities of lymphocytes that exist at any 

given moment of time is tremendous (approximately one billion or more). It has been 

proven that this enormous diversity of specificities exists independently of exposure to 

antigens, and is being created by molecular mechanisms intrinsic to T and B 

lymphocytes. The total number of antigenic specificities created by these mechanisms is 

called the lymphocyte repertoire.  

Memory-  Immunological memory is the ability to ‘‘remember’’ a previous encounter 

with the antigen, and to develop a faster, stronger, and qualitatively better response to 

the antigen when it is encountered again. Such responses are called secondary or recall 

immune responses. These responses are faster, stronger, and qualitatively better than 

primary responses due to the fact that memory cells mediate them. 

Specialization-  Immune responses to different antigens may involve different 

molecular and cellular mechanisms for the sake of maximizing the efficiency of these 

responses. For example, antiviral responses are most efficient when T lymphocytes are 

involved; responses to extracellular bacteria work best when B cells produce antibodies 

of certain classes; responses to parasites must involve B cells, T cells, and non-lymphoid 

cells called eosinophils; etc. 

Self-limitation-  Normally, all immune responses wane with time after antigen 

stimulation. One reason for that is the successful elimination of the antigen that caused 

the response. The other reason is the existence of negative feedback mechanisms. 

The ability to discriminate between self and nonself- The immune system is said to 

‘‘tolerate’’ self-antigens. The latter are substances that are produced by the organism 

that is the host of the immune system; these same substances can behave as foreign 

antigens when exposed to an immune system of a genetically different individual. 

Because of tolerance of the self, the host normally is not harmed by its own immune 

system. 

 



 
 

Conclusion: 

Immunity is the state of protection against foreign organisms or substances. Vertebrates 

have two types of immunity, innate and adaptive. Innate immunity is not specific to any 

one pathogen while adaptive immunity displays a high degree of specificity. Typically, 

innate immune response are much more rapid than the adaptive and therefore 

constitute the first line of defence. Immune system plays an important role in helping 

the body getting rid of harmful foreign agents and prevent the body from infectious 

diseases.  

FAQs: 

Q1. What is immunology? 

Ans: Immunology is the study of the immune system, including its responses to 

microbial pathogens and damaged tissues and its role in disease. 

Q2. What is immunity? 

Ans: Immunity is the state of protection against foreign pathogens or substances 

(antigens).  

Q3. What is immune response? 

Ans: The response of the immune system to the introduction of foreign substances is 

called the immune response. 

Q4. What are the two types of immunity? 

Ans: The two types of immunity are innate and adaptive immunity. 

Q5. What is innate immunity? 

Ans: Innate immunity is the early line of defense, mediated by cells and molecules that 

are always present and ready to eliminate infectious microbes. 

Q6. What is adaptive immunity? 

Ans: Adaptive immunity refers to a reaction that is caused by the invasion of a certain 

foreign substance. 

Q7. What are the two types of adaptive immunity? 

Ans: The two types of adaptive immunity are humoral and cell-mediated immunity. 

 

 

 

 

 



 
 

Glossary: 

Antibodies: Immunoglobulin proteins consisting of two identical heavy chains and two 

identical light chains, that recognize a particular epitope on an antigen and facilitates 

clearance of that antigen. 

Antigen: Any substance (usually foreign) that binds specifically to an antibody or a T-

cell receptor; often is used as a synonym for immunogen. 

Immunologic memory: The ability of the immune system to respond much more 

swiftly and with greater efficiency during a second, or later exposure to the same 

pathogen. 

Malignancy, malignant: Refers to cancerous cells capable of uncontrolled growth. 

Pathogen: A disease-causing infectious agent. 

Self-tolerance: Unresponsiveness to self antigens. 

Specificity, antigenic: Capacity of antibody and T-cell receptor to recognize and 

interact with a single, unique antigenic determinant or epitope. 

Vaccination: Intentional administration of a harmless or less harmful form of a 

pathogen in order to induce a specific adaptive immune response that protects the 

individual against later exposure to the pathogen. 

References: 

1. Basic immunology. Abul K. Abbas, Andrew H. Lichtman, Shiv Pillai. Fifth edition. 

2. Schaum's Outline of Immunology. George Pinchuk. McGraw Hill Professional, 2001. 

3. Kuby immunology. Judith A. Owen, Jenni Punt, Sharon A. Stranford, Seventh edition.   

W.H. Freeman and Company, New York.  

Links: 

1.  http://www.mcqbiology.com/2014/12/multiple-choice-questions-on-

basic.html#.WTJzEdzYXIU 

2.  https://microbeonline.com/mcq-in-microbiology-immunology-questions-and-

answers-with-explanation/ 
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Organs of the Immune System 

Introduction:  

     The immune system of our body consists of a complex and vital network of 

morphologically and functionally diverse organs and tissues. All these organs have 

various functions in the development of immune responses and are called lymphoid 

organs because they are concerned with the growth, development and deployment of 

lymphocytes. They are classified functionally into two main groups – primary and 

secondary lymphoid organs. These two organs are connected together by blood vessels 

and lymphatic systems of the body thereby uniting them into a functional whole during 

an immune response against antigens by carrying the lymphocytes to and from the 

different areas in the body causing systemic immunity. In addition, tertiary lymphoid 

tissues can also import lymphoid cells during an inflammatory response.  

Figure 1: The structurally and functionally diverse human lymphoid system (organs 

and tissues). The primary organs (bone marrow and thymus) are in red while 

secondary organs and tissues are in blue.  

1. Primary Lymphoid Organs:  

The primary lymphoid organs are those organs that provide appropriate micro 

environments for the development and maturation of lymphocytes (e.g. white blood 

cells, leukocytes). Thymus and bone marrow are the primary (or central) lymphoid 

organs.  Immature lymphocytes generated during hematopoiesis mature and become 

committed to a particular antigenic specificity within the primary lymphoid organs. The 



 
 

matured lymphocyte that resides within a primary lymphoid organ is the 

immunocompetent cell (capable of mounting an immune response).  

1.1. Bone Marrow:  

Bone marrow is the site origin and development of B-cell in most of the mammals 

including humans and mice. But, the site of B cells maturation in birds is the “bursa of 

Fabricius”. There is no primary lymphoid organ in mammals such as primates and 

rodent, while fetal spleen is the hosting site of B cells maturation, proliferation and 

diversification in early gestation in cattle and sheep. Later in gestation, this function is 

shifted to a patch of tissue called the ileal Peyer’s patch embedded in the wall of the 

intestine, which contains a large number (1010) of B cells.  Immature B cells proliferate 

and differentiate within the bone marrow after arising from lymphoid progenitors. And, 

stromal cells interact directly with the B cells within the bone marrow and secrete 

various cytokines that are required for further development. During B cell maturation, B 

cells with self-reactive antibody receptors are eliminated by a selection process within 

the bone marrow. 

 

 

 

 

 

   

 

   Figure 2: Section of a Bone Marrow where B cells maturation takes place. 

1.2. Thymus:  

During development, the thymus is the first organ to produce lymphocytes and provides 

an environment for T cell development and maturation. It is a flat, bilobed organ 

situated above the heart. The two lobes of the thymus are divided by connective tissue 

called trabeculae into lobules. Each lobule is organized into two compartments: the 

outer compartment (cortex) which is densely packed with immature T cells called 

thymocytes (immature, pre-T cells) and the inner compartment (medulla) which is 

sparsely populated with thymocytes. Epithelial cells, dendritic cells and macrophages 

surround the thymic lymphocytes (Figure 3).  In the outer cortex, some thymic 

epithelial cells called nurse cells surround thymocytes forming large multicellular 



 
 

complexes that influence the development of thymocytes. In the medulla and at the 

junction between the cortex and medulla, dendritic cells and macrophages are there. 

The epithelial cells of the thymus produce a number of cytokines, which are required for 

the differentiation of thymic precursors into mature T cells. Thymocytes are attracted to 

the thymus from the bone marrow by the cytokines. They differentiate into mature T 

cells at the cortex and migrate to the medulla whence they are released to enter the 

peripheral lymphoid tissue.  

Approximately, three-quarters of all the lymphocytes in the thymus are located in the 

deeper cortex. Thymocytes express CD1, CD4 and CD8 (T cells in the blood express 

either CD4 or CD8) membrane molecules. Here, they undergo thymic selection of T cells 

in which the T cells that express antigen receptors for recognizing self molecules are 

removed by a process called apoptosis. Therefore, majority of the T cells produced in 

the thymus die. As the cells migrate into the medulla, they lose either CD4 or CD8 

membrane expression reflecting genetic rearrangement. These naive, mature T cells 

then enter into the peripheral blood circulation through which they are transported to 

the secondary lymphoid organs where T cells encounter and respond to foreign 

antigens. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Cross section of a portion of the thymus, showing several lobules separated by 

connective tissue strands (trabeculae); immature thymocytes (blue), thymic nurse cells 

(gray), cortical epithelial cells (light red), medullary epithelial cells (tan), interdigitating 

dendritic cells (purple), and macrophages (yellow).  



 
 

The Lymphatic System: 

Within the body, there are two circulatory systems - the blood and the lymph. A 

complex of arteries, veins and capillaries carries blood flows throughout the body. As 

blood circulates under pressure, components of the blood fluid (plasma) seep through 

the thin wall of the capillaries into the surrounding tissues that comprise the 

extracellular fluid called interstitial fluid. Much of this interstitial fluid returns to the 

blood through the capillary membranes by draining into a network of vessels called 

lymphatics. The remaining of the interstitial fluid known as lymph flows from the 

connective tissue into a network of tiny open lymphatic capillaries and then into a series 

of progressively larger collecting vessels called lymphatic vessels.  

At the junction between major lymphatic vessels, there are small, bean-shaped, discrete 

aggregates of tissue called lymph nodes (Figure 4). The lymph carries antigen from the 

tissues to the lymph nodes where immune responses are initiated.  

Lymphocytes can enter the lymphatic circulation directly from the blood to which they 

return via the thoracic duct – the largest lymphatic vessel draining into the circulation 

close to the heart. Several vessels called ‘afferent lymphatics’ bring the lymph to a 

particular node and a single ‘efferent lymphatic’ is  known to carry it away. This is how, 

the lymph back to the blood.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Lymphatic vessels. Small lymphatic capillaries opening into the tissue spaces 

pick up interstitial tissue fluid and carry it into progressively larger lymphatic vessels, 



 
 

which carry the fluid, now called lymph, into regional lymph nodes. As lymph leaves the 

nodes, it is carried through larger efferent lymphatic vessels, which eventually drain 

into the circulatory system at the thoracic duct or right lymph duct. 

2. Secondary Lymphoid Organs:  

The secondary lymphoid organs are those organs that can trap antigen from defined 

tissues or vascular spaces. They provide the sites for interaction between mature 

lymphocytes and antigens effectively. The lymph nodes and spleen are the secondary 

(or peripheral) lymphoid organs of the immune system.  

2.1. Lymph Nodes:  

The lymph nodes are encapsulated bean shaped structures containing a reticular 

network of packed lymphocytes, macrophages and dendritic cells. The major function of 

the lymph nodes is the filtration of antigens. They are present at the junction where 

major lymphatic vessels are meeting. The lymph nodes serve as the first organized 

structures where immune responses are mounted to most of the antigens present in the 

tissue spaces. The lymphatic vessels transport the lymph to the nodes where antigens 

are filtered out. As the lymph is filtered in the nodes, they are enriched with antibodies, 

cytokines and mainly T lymphocytes. 

Morphologically, a lymph node can be divided into three major concentric regions - 

cortex, paracortex and medulla, each of it provides a distinct microenvironment. Cortex 

is the outermost layer of the lymph node which contain mostly of B lymphocytes, 

macrophages and follicular dendritic cells arranged in clusters called primary follicles. 

After antigen activation, primary follicles enlarge into secondary follicles with a 

concentric ring structure called germinal center densely packed with large proliferating 

B lymphocytes and plasma cells interspersed with macrophages and dendritic cells. The 

germinal center is a site where B-cell activation and differentiation into plasma cells and 

memory cells occur intensely. Just beneath the cortex, there is paracortex which is 

populated largely with T lymphocytes and some interdigitating dendritic cells. These 

interdigitating dendritic cells express high levels of class II MHC molecules, which are 

necessary for presentation of antigens to TH cells. Medulla is the innermost layer of a 

lymph node, more sparsely populated with lymphoid-lineage cells mostly of actively 

antibody molecules secreting plasma cells with activated TH and TC
 
cells. In addition, 

there is a high concentration of immunoglobulin (Ig) in this region due to the large 

population of plasma cells. 



 
 

The lymph enters the lymph node via afferent lymphatic vessels that pierce the capsule 

of a lymph node at numerous sites and empty the lymph into the subcapsular sinus. 

Then, the lymph slowly pass through the cortex, paracortex and medulla, thereby 

allowing the phagocytic cells and dendritic cells to trap any bacteria or particulate 

material (e.g. antigen-antibody complexes) carried by the lymph. The lymph leaves a 

node through a single exit i.e. the efferent lymphatic vessel. The efferent lymphatic 

vessel is enriched with antibodies and has 50 fold higher concentrations of lymphocytes 

than the afferent lymphatic vessels.  

Figure 5: Structure of a lymph node. (a) Three layers of a lymph node. (b) Arrangement 

of reticulum and lymphocytes within various regions of a lymph node. Macrophages and 

dendritic cells present in cortex and paracortex. TH cells concentrated in paracortex; B 

cells located in the cortex, within follicles and germinal centers. Medulla populated by 

antibody-producing plasma cells.  

2.2. Spleen:  

Spleen is a large, ovoid secondary lymphoid organ situated high in the left abdominal 

cavity. The spleen filters blood and trap blood-borne antigens thereby responding to 

systemic infections. Blood borne antigens and lymphocytes are carried into the spleen 

through the splenic artery. The spleen is surrounded by a capsule that extends 

projections called trabeculae into a compartmentalized structure. The compartments 

are of two types - the red pulp and the white pulp separated by a diffused marginal zone 

(Figure 6). The splenic red pulp consists of a red blood cells (erythrocytes) intermingled 



 
 

with many macrophages, dendritic cells, few lymphocytes and plasma cells. It is the site 

where old and defective red blood cells are destroyed and removed. The splenic white 

pulp surrounds the splenic artery forming a periarteriolar lymphoid sheath (PALS) 

populated mainly by T lymphocytes. The marginal zone, located peripheral to the PALS, 

is rich in lymphocytes and macrophages which are organized into primary lymphoid 

follicles. 

The splenic artery carries blood-borne antigens and lymphocytes to the spleen and 

empties it into the marginal zone. Just after the entry of the antigens into the marginal 

zone, the interdigitating dendritic cells trap the antigens and present the fragmented 

antigens with class II MHC molecules to TH cells. Then, these activated TH cells further 

activate B cells. The activated B cells, together with some TH cells, migrate to primary 

follicles in the marginal zone and then develop into secondary follicles with germinal 

centers like those in the lymph nodes. 

 

Figure 6: Structure of the spleen. (a) 5 inches long adult spleen, largest secondary 

lymphoid organ specialized for trapping blood-borne antigens. (b) Cross section of the 

spleen showing red pulp and white pulp with periarteriolar lymphoid sheath (PALS).  

3. Tertiary Lymphoid Tissues:  

The tertiary lymphoid tissues are those tissues which normally possess fewer lymphoid 

cells than secondary lymphoid organs. These tissues play an important role during an 

immune response by undergoing a rapid and substantial increase of the lymphoid cells. 

Most prominent of these are various mucosa-associated lymphoid tissue (MALT), 



 
 

cutaneous-associated lymphoid tissues (CALT) and the intraepithelial lymphocytes 

(IEL).  

3.1. Mucosal-Associated Lymphoid Tissue (MALT): 

The mucous membranes lining the digestive, respiratory and urogenital systems are 

prone to attack by pathogens. These linings are defended by a cluster of non-

encapsulated, organized lymphoid tissues known as mucosal-associated lymphoid 

tissue (MALT). These tissues are structurally range from loose clusters or barely 

organized lymphoid cells in the lamina propria of intestinal villi to well-organized 

structures such as tonsils, appendix and Peyer’s patches of the intestinal sub-mucosal 

lining. The lamina propria contains large amount of macrophages, B cells, plasma cells 

and activated TH cells thereby imparting a better immunity than any other part of the 

body. The functional importance of MALT in the body’s defense is facilitated by its large 

population of antibody-producing plasma cells. There are several types of MALT.  Gut-

associated lymphoid tissue (GALT) and Bronchus associated lymphoid tissue (BALT) 

are the two best characterized MALT.  

3.1.1. Gut-associated lymphoid tissue (GALT): 

The GALT that lines in the gastrointestinal tract is one of the best characterized MALTs. 

GALT is made up of Peyer’s patches and isolated follicles in the tissue beneath the 

mucosa of the colon (colonic submucosa). The Peyer’s patches are aggregates of 

lymphocytes with specialized structure called primary lymphoid follicles ( 30-40 

follicles, populated with B cells centrally and are surrounded by T cells and 

macrophages) and can develop into secondary follicles with germinal centers after 

antigen activation (Figure 7). These patches have efferent lymphatics that drain lymph 

into mesenteric lymph nodes, but have no afferent lymphatics. They are covered by a 

specialized lympho-epithelium consisting of a microfold of cells known as M cells, 

localized in small regions of the organized lymphoid follicles of mucous membrane 

called inductive sites. These M cells are flattened epithelial cells lacking microvilli that 

characterize the mucous epithelium and have a deep invagination or pocket in the 

basolateral plasma membrane filled with a cluster of B cells, T cells and macrophages 

(Figure 8). The epithelial cells of mucous membranes play an important role in 

promoting the immune response by encountering antigens in the gut. Transportation of 

antigens by M cells across the mucous membrane activates B cells within the lymphoid 

follicles. These activated B cells differentiate into IgA secreting plasma cells. The 



 
 

antibodies are then transported across the epithelial cells and released as secretory IgA 

into the lumen where they can interact with the antigens present in the lumen. It is the 

site where secretory IgA are concentrated. 

 

Figure 7: Cross-sectional diagram of the mucous membrane lining the intestine 

showing a nodule of lymphoid follicles that constitutes a Peyer’s patch in the sub-

mucosa. The intestinal lamina propria contains loose clusters of lymphoid cells and 

diffuse follicles. 

 

Figure 8: Structure of M cells and production of IgA at inductive sites. (a) M cells in 

mucous membrane endocytose antigen from the lumen (of the gastrointestinal, 

respiratory and urogenital tracts) and transport it out to the basolateral pocket. (b) 

Antigen transported from endothelial layer by M cellsat inductive site activates B cells 

of lymphoid foolicles. Activated B cells differentiate into IgA secreting plasma cells 



 
 

which migrate to sub-mucosa. Outer mucosal epithelial layer contains CD8+ T cells 

expressing -TCRs. 

3.1.2. Bronchus associated lymphoid tissue (BALT): 

Another type of well characterized MALT is the BALT. BALT is structurally similar to 

GALT. It consists of large collections of lymphocytes (the majority of which are B cells) 

and are organized into aggregates and follicles with few germinal centers. These are 

found primarily along the main bronchi in the lungs. The epithelium covering BALT 

follicles lacks goblet cells and cilia. The M cells of the BALT follicles are structurally 

similar to intestinal M cells of GALT. BALT contains an elaborate network of capillaries, 

arterioles, venules and efferent lymphatics. This suggests that BALT may play a role in 

sampling antigen not only from the lungs but also from the systemic circulation.  

 

3.2. Cutaneous-Associated Lymphoid Tissue (CALT): 

The skin is an important anatomic barrier to the external environments. Its large 

surface area makes this tissue important in nonspecific (innate) defenses of the body. 

The epidermal (outer) layer of the skin is composed largely of specialized epithelial cells 

called keratinocytes. These cells secrete a number of cytokines that may function to 

induce a local inflammatory reaction. In addition, keratinocytes can be induced to 

express class II MHC molecules and may function as antigen-presenting cells (APCs). A 

type of dendritic cell called Langerhans cells scatter among the epithelial-cell matrix of 

the epidermis. These Langerhans cells internalize the antigens present in the epidermis 

by phagocytosis or endocytosis. The Langerhans cells then migrate from the epidermis 

to regional lymph nodes, where they differentiate into interdigitating dendritic cells. 

These cells express high levels of class II MHC molecules and function as potent 

activators of naive TH cells by presenting antigens to the T cells.  

3.3. Intraepithelial Lymphocytes (IELs): 

The outer mucosal epithelial layer contains intraepithelial lymphocytes (IELs). Many of 

these lymphocytes are T cells that express unusual receptors (T-cell receptors or 

TCRs), which exhibit limited diversity for antigen and is well situated to encounter 

antigens that enter through the intestinal mucous epithelium. Large numbers of 

lymphocytes are intrinsically associated with the epithelial surfaces of the body 

particularly in the reproductive tract, the lung and the skin. The underlying dermal 

layer of the skin contains CD4+ and CD8+ T cells as well as macrophages. Most of these 



 
 

dermal T cells were either previously activated cells or are memory cells. These 

collections of lymphoid cells play a key role in the development of mucosal immunity 

such as both local and systemic specific immune responses to antigens present at the 

body surface.  

Conclusion:  

    The majority of immune responses to specific antigen are mainly performed in the 

lymphoid organs or tissues. The lymphoid organs are classified mainly as – primary, 

secondary and tertiary lymphoid organs. The primary lymphoid organs provide sites for 

maturation of lymphocytes. The lymphatic system of the body collects interstitial fluid 

that accumulates in the tissue spaces and returns the fluid into the blood circulation. 

Secondary lymphoid organs facilitate the interaction between antigen-specific 

lymphocytes and antigen presenting cells (APCs). APCs capture the antigens and 

provide sites for the activation of immune cells. Lymph nodes trap antigens from the 

lymph whereas spleen traps blood-borne antigens. Tertiary lymphoid tissues interact 

with antigens that enter the body from the gastrointestinal, respiratory and urinogenital 

tracts. Thus all the organs play an important role to facilitate the removal of any 

pathogens from our system. 

Glossary: 

1. Lymph:  The interstitial fluid that circulates in the lymphatic vessels. 

2. Lymph nodes:  A small secondary lymphoid organ that serve as a site for filtration of 

foreign antigens and for activation and proliferation of lymphocytes. 

3. Germinal centers: A region within the lymph nodes and spleen where B-cell activation, 

proliferation and differentiation occur. 

4. Periarteriolar lymphoid sheath (PALS): A collar of lymphocytes encasing small 

arterioles of the spleen. 

5. Follicular dendritic cells: A cell with extensive dendritic extensions that is found in the 

follicles of the lymph nodes. 

 

FAQs : 

1. What are the primary lymphoid organs? 

 Ans: The primary lymphoid organs are the sites for maturation of lymphocytes. They 

are bone marrow, where the B- cells matures; and thymus, where the T cells mature. 

2. What is the main function of the secondary lymphoid organs? 



 
 

Ans: The main function of the secondary lymphoid organs is to provide sites for the 

interaction of lymphocytes with the antigens. They also serve as the site for 

proliferation and differentiation of lymphocytes. 

3. What is the role of M- cells in production of secretary IgA? 

Ans: Transportation of antigens by M cells across the mucous membrane activates B 

cells within the lymphoid follicles. These activated B cells differentiate into IgA 

secreting plasma cells. The antibodies are then transported across the epithelial cells 

and released as secretory IgA into the lumen where they can interact with the antigens 

present in the lumen 

4. What are MALTs? 

Ans: The mucous membranes lining the digestive, respiratory and urogenital systems 

are defended by a cluster of non-encapsulated, organized lymphoid tissues known as 

mucosal-associated lymphoid tissue (MALT). 

5. What is the function of nurse cells in the thymus? 

Ans: The nurse cells are supporting cells present in the cortical region of the thymus. 

They facilitate the development and maturation of thymocytes. 
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Cells of the Immune System 

Introduction: 

 A number of cells present in the blood are involved in immune response. The white 

blood cells (WBCs) are the major cells of the immune system. Among WBCs, 

lymphocytes are the central cells of the immune system. All cells of the blood arise from 

a multipotent hematopoietic stem cell (HSC) of the bone marrow. HSC differentiate into 

either a lymphoid or myeloid progenitor cell. Lymphoid progenitor cells give rise to 

lymphoid cells and some dendritic cells. Myeloid progenitor cells differentiate into 

neutrophils, basophils, eosinophils, monocytes, mast cells, platelets and 

megakaryocytes.                                                                                                                                                                                                

1. Lymphocytes (Lymphoid Cells):  

Lymphocytes constitute 20%–40% of the body’s WBCs and 99% of the cells in the 

lymph.  Approximately, 1011 lymphocytes are present inside the human body. They are 

continually circulating in the blood and lymph.  They are capable of migrating into the 

tissue spaces and lymphoid organs, thereby integrating the immune system to a high 

degree. Lymphocytes are subdivided into three populations - B cells, T cells and NK 

cells. Different lineages or maturational stages of lymphocytes express different 

membrane molecule called cluster of differentiation (CD) as shown in Table 1. 

Lymphocytes are small cells with a deeply basophilic nucleus and scanty cytoplasm. 

After antigen activation, lymphocytes enlarge its size. These enlarge lymphocytes called 

lymphoblasts proliferate and eventually differentiate into effector cells or memory cells. 

Effector cells function in various ways to eliminate antigen and have short life spans 

(generally from a few days to a few weeks). Memory cells look like small lymphocytes 

but can be distinguished from naive cells by the presence or absence of certain cell 

membrane molecules. Memory cells are responsible for life-long immunity of the body 

to many pathogens. 

1.1. B Lymphocytes (B cells): 

 B lymphocytes mature in the bone marrow in a number of mammalian species 

including humans and mice. Mature B cells display membrane-bound immunoglobulins 

particularly IgM and IgD as receptors for antigen. A single B cell expresses 

approximately 1.5 X 105 molecules of membrane bound immunoglobulins on its surface 

and all of these antibodies have an identical binding site for the antigen. After antigen 

activation, B cells differentiate into effector antibody secreting plasma cell and memory 



 
 

cells. Plasma cells secrete antibodies like IgG, IgA, IgM, IgD or IgE and have a very short 

life span of few days but they can secrete more than 2000 molecules of antibody per 

second. Memory B cells express the same membrane-bound antibody like naive B cells 

and remains in the circulation for a long time and thus has a longer life-span. B cells act 

as antigen-presenting cells. Mature B cells express many other molecules on their cell 

membrane. Among the other molecules expressed on the membrane of mature B cells 

are the following: 

a) B220 (a form of CD45) is frequently used as a marker for B cells and their precursors. 

However, unlike antibody, it is not expressed uniquely by B-lineage cells. 

b) Class II MHC molecules permit the B cell to function as an antigen-presenting cell (APC). 

c) CR1 (CD35) and CR2 (CD21) are receptors for certain complement products. 

d) FcRII (CD32) is a receptor for IgG, a type of antibody. 

e) B7-1 (CD80) and B7-2 (CD86) are molecules that interact with CD28 and CTLA-4, 

important regulatory molecules on the surface of different types of T cells, including TH 

cells. 

f) CD40 is a molecule that interacts with CD40 ligand on the surface of helper T cells. In 

most cases this interaction is critical for the survival of antigen stimulated B cells and 

for their development into antibody-secreting plasma cells or memory B cells. 

T Lymphocytes (T cells): 

 T lymphocytes arise in the bone marrow and mature in the thymus. Like B 

lymphocytes, T cells have membrane receptors called T-cell receptor (also called TCR). . 

The TCR does not recognize free antigen. Instead, the TCR recognizes those antigens 

only when it is processed into antigenic peptides and presented by particular classes of 

self-molecules called major histocompatibility complex (MHC). This focusing of T-cell 

antigen recognition through MHC molecules is known as MHC restriction. The antigenic 

peptide must be displayed together with MHC molecules on the surface of APCs such as 

B cells, macrophages and dendritic cells or on virus-infected cells, graft cells or cancer 

cells. Thus, T-cells are developed to eliminate such altered self-cells that pose threat to 

the normal functioning of the body. Like B cells, T cells express distinct membrane 

glycoproteins - CD4 and CD8. CD4+ expressing cells are T helper (TH) cells and those 

expressing CD8+ are T cytotoxic (TC) cells. CD4+ TH cells are class-II restricted and CD8+ 

TC cells are class-I restricted. The ratio of TH and TC cells is approximately 2:1 in normal 



 
 

human peripheral blood. All T-cells express CD3, associated with TCR. In addition, most 

mature T cells express the following membrane molecules: 

a) Thy-1, the earliest marker of the T cell lineage expressed during maturation in the 

thymus  

b) CD28, a receptor for the co-stimulatory B7 family of molecules present on B cells and 

other antigen presenting cells  

c) CD45, a signal-transduction molecule 

TH cells are activated by recognition of an antigen–class II MHC complex on an APC. 

After activation, TH cells secrete various types of growth factors called cytokines, which 

play a central role in the activation of B cells, T cells and other cells that participate in 

the immune response. The type of immune response elicited by the body against an 

antigen may be differed according to the pattern of cytokines produced by TH cells. For 

example, TH1 response is designated when T cytotoxic cells and macrophages are 

activated during inflammation and TH2 response designates the activation of B cells and 

immune responses that depend upon antibodies. TH1 and TH2 cells are the further 

classification of TH cells. TH cells maintain memory and are the principal proliferative 

cells responding to foreign antigen associated with self class II MHC molecules.  

TC cells are activated when they interact with an antigen–class I MHC complex on the 

surface of an altered self-cell (e.g., a virus-infected cell or a tumor cell) in the presence 

of appropriate cytokines. This activation, which results in proliferation, causes the TC 

cell to differentiate into an effector cell called a cytotoxic T lymphocyte (CTL). In 

contrast to TH cells, most CTLs secrete few cytokines and acquire the ability to recognize 

and eliminate altered self-cells. TC cells are generally responsible for killing virus-

infected cells, transplanted tissue and cancer cells. 

1.2. Natural killer cells (NK cells): 

 NK cells are large, granular lymphocytes that are distinct from TC cells. They constitute 

5–10% of the circulating WBCs. NK cells are neither B cells nor T cells and lack antigen-

binding receptors. Therefore, they lack immunologic specificity and memory. NK cells 

destroy the target cells by releasing its cytotoxic granules through ligands-receptors 

interaction. Unlike TC cells, NK cells kill the target cells in the absence of specific antigen 

and destroy the malignant and virus-infected cells without prior exposure to the 

antigen. NK cells can potentially recognize the target cells in two different ways. Firstly, 

an NK cell recognizes the target cells based on the abnormalities of membrane receptors 



 
 

such as reduction in the display of class I MHC molecules and the unusual profile of 

surface antigens displayed by some tumor cells and cells infected by some viruses. 

Secondly, NK cells recognize the target cells by a process known as antibody-dependent 

cell-mediated cytotoxicity (ADCC) through a membrane receptor called CD16 that can 

bind to the Fc-region, a carboxyl-terminal end of the IgG molecule. 

 

Table 1: Common CD markers used to distinguish functional lymphocyte subpopulations 
 

CD 
Designation 

Function B 
Cell 

T Cell NK Cell 

TH TC 
CD2 Adhesion molecule; Signal-

transduction 
- + + + 

CD3 Signal-transduction element of T-cell 
receptor 

- + + - 

CD4 Adhesion molecule that binds to class 
II MHC molecules; Signal-transduction  

- + 
(Usually) 

- 
(Usually) 

- 

CD5 Unknown + + 
(Subset) 

+ - 

CD8 Adhesion molecule that binds to class I 
MHC molecules; Signal-transduction 

- - 
(Usually) 

+ 
(Usually) 

+ 
(Variable) 

CD16 
(FcRIII) 

Low-affinity receptor for Fc region of 
IgG 

- - - + 

CD21 (CR2) Receptor for complement (C3d) and 
Ebstein Barr virus 

+ - - - 

CD28 Receptor for co-stimulatory B7 
molecule on antigen presenting cells 

- + + - 

CD32 
(FcRII) 

Receptor for Fc region of IgG + - - - 

CD35 (CR1) Receptor forcomplement (C3b) +- - - - 

CD40 Signal-transduction + - - - 

CD45 Signal-transduction + + + + 

CD56 Adhesion molecule - - - + 

  

2. Agranulocytes:  

Agranulocytes are non-granular mononuclear phagocytic leukocytes without lysosomal 

granules in the cytoplasm. It consists of monocytes and macrophages.  

2.1. Monocytes:  

Monocytes are a type of mononuclear phagocytic white blood cell that fights off 

bacteria, viruses and fungi. Monocytes are the biggest type of white blood cell in the 

immune system. During hematopoiesis in the bone marrow, granulocyte-monocyte 



 
 

progenitor cells differentiate into promonocytes. These promonocytes leave the bone 

marrow and enter the blood, where they further differentiate into mature monocytes. 

When certain germs enter the body, they quickly rush to the site for attack. Monocytes 

circulate the bloodstream for about 8 hours. During this circulation, they enlarge and 

then migrate into the tissues and differentiate into specific tissue macrophages or into 

dendritic cells.  

2.2. Macrophages:  

Macrophages are a special type of phagocytic WBCs that clean up the body of harmful 

and unwanted particles such as bacteria, viruses and dead cells by phagocytosis. 

Macrophages are differentiated from blood monocytes through a number of changes. 

These changes involve - enlargement of cell (five- to tenfold), increasing number and 

complexity of intracellular organelles, acquiring increased phagocytic ability and 

producing higher levels of hydrolytic enzymes along with the beginning of secreting a 

variety of soluble factors. Macrophages are dispersed throughout the body in the tissue 

spaces. Some take up residence in particular tissues becoming fixed macrophages, 

whereas others remain motile and are called free or wandering macrophages. Free 

macrophages travel by amoeboid movement throughout the tissues. Macrophage-like 

cells serve different functions in different tissues and are named according to their 

tissue location:  

a) Alveolar macrophages in the lung;  

b)  Histiocytes in connective tissues 

C)   Kupffer cells in the liver;  

d)   Mesangial cells in the kidney  

e) Microglial cells in the brain; and 

f)  Osteoclasts in bone  

Macrophages are activated by phagocytosed antigens. However, different types of 

cytokines secreted by activated TH cells such as interleukin 1 (IL-1), interleukin 6 (IL-6) 

and tumor necrosis factor alpha (TNF), and by components of bacterial cell walls, by 

mediators of the inflammatory response further enhanced the activity macrophage. One 

of the most potent activators of macrophages is interferon gamma (IFN-) secreted by 

activated TH cells. Activated macrophages also express higher levels of class II MHC 

molecules thereby allowing them to function more effectively as APCs. Macrophages 

recognize the target cells using a system of recognition receptors such as Toll-like 



 
 

receptors (TLRs) and the interleukin-1 receptor (IL-1R). These receptors can bind 

specifically to different pathogen components like lipopolysaccharide (LPS), RNA, DNA 

or extracellular proteins (for example, flagellin from bacterial flagella). 

3. Granulocytic Cells:  

Granulocytes are polymorphonuclear (PMN) leukocytes with two to five lobes. The 

granulocytes are classified as neutrophils, eosinophils and basophils based on their 

cellular morphology and cytoplasmic staining characteristics.  Mast cells are also 

included under the granulocytic cells. 

3.1. Neutrophils:  

Neutrophil has a multilobed nucleus and granulated cytoplasm that stains with both 

acid and basic dyes. Neutrophils constitute 50%–70% of the circulating WBCs. They are 

produced by hematopoiesis in the bone marrow and circulate for 7-10 hours before 

migrating from the blood into the tissues. Neutrophils are the first immune cell to arrive 

at the site of inflammation during infection and immune response. Like macrophages, 

neutrophils are active phagocytic cells and employ both oxygen-dependent and oxygen-

independent pathways to generate antimicrobial substances. Neutrophils express Fc 

receptors to help opsonization and higher levels of defensins than macrophages do. 

Neutrophils exhibit a larger respiratory burst than macrophages and consequently are 

able to generate more reactive oxygen intermediates and reactive nitrogen 

intermediates.  

3.2. Eosinophils:  

Eosinophils have bilobed nucleus with granulated cytoplasm that stains with the acid 

dye ‘eosin red’. Eosinophils are motile phagocytic cells that migrate from blood into 

tissues. Eosinophils constitute 1%–3% of the circulating WBCs. Their phagocytic role is 

important in the defense against protozoan and helminth parasites by releasing cationic 

peptides and reactive oxygen intermediates into the extracellular fluid.  

3.3. Basophils:  

Basophil has a lobed nucleus and heavily granulated cytoplasm that stains with the 

basic dye ‘methylene blue’. It constitutes less than 1% of the total WBCs. Basophils are 

non-phagocytic cells that are involved in allergic reactions. They have high affinity Fc 

receptors for IgE on their membrane.  

 

   



 
 

3.4. Mast Cells:  

Mast cells are formed in the bone marrow by hematopoiesis as mast-cell precursors 

(MCP). MCPs are released into the blood as undifferentiated cells and started 

differentiation after entering the tissues. Mast cells are found in tissues that are in close 

contact with the external environments including skin, connective tissues and mucosal 

epithelial tissue of respiratory, genitourinary and digestive tracts. Like basophils, they 

have large numbers of cytoplasmic granules that contain histamine and other 

pharmacologically active substances (proteases - tryptase and chymase, and pre-formed 

TNF-). Mast cells play an important role in allergic response by releasing histamine.  

They have Fc receptors for IgE and IgG. 

4. Dendritic Cells:  

Dendritic cells (DC) are derived from myeloid and lymphoid lineages. The main function 

of dendritic cells is the presentation of antigen to TH cells. Four types of dendritic cells 

are known: Langerhans cells, interstitial dendritic cells, myeloid and lymphoid dendritic 

cells. Despite of their differences, they all constitutively express high levels of class II 

MHC molecules and members of the co-stimulatory B7 family. Dendritic cells acquire 

antigen by phagocytosis, processed it and present it to TH cells. 

 

Conclusion:  All leukocytes (WBCs) differentiate from a common multipotent HSC 

during hematopoiesis with the help of various cytokines. Lymphocytes are the major 

cells of the immune system and have three types - B cells, T cells and NK cells. NK cells 

are less abundant than B and T cells, and lack receptors for particular antigens. All types 

of lymphocytes are best distinguished by their presence of various membrane 

molecules and function. Naive B and T cells proliferate and eventually differentiate into 

effector cells and memory cells after antigen activation. Macrophages and neutrophils 

are specialized phagocytic cells that degrade antigens. Macrophages process the 

phagocytosed antigen and display it with class II MHC molecules to TH cells. Basophils 

and mast cells are non-phagocytic cells that play important roles in allergic reactions by 

releasing a variety of pharmacologically active substances. Dendritic cells express high 

levels of class II MHC molecules. Dendritic cells engulf antigen, process and present the 

class II MHC molecules bound antigen to TH-cell.  

A 

B 



 
 

 

Glossary: 

6. Hematopoietic stem cells:  A multipotent stem cell present in the bone marrow from 

which all the blood cells are derived. 

7. Antigen presenting cells:  Cells that can process and present part of the antigen in an 

MHC molecule and display on their cell surface. 

8. Phagocytic cells: Cells that can engulf antigens by endocytosis and destroy it are called 

phagocytic cells. 

9. Cytoplasmic granules: These are vesicles containing hydrolytic enzymes and many 

pharmacologically active compounds present in granulocytic cells. 

10. MHC II molecules: They are membrane bound proteins present on antigen presenting 

cells which displays the antigenic peptides. 

 

FAQs: 

1. What are the receptors present on B- cells and T- cells that help in antigen 

recognition? 

 Ans: The receptor on B- cells and T- cells that help in antigen recognition are called 

antibodies and T- cell receptors (TCRs) respectively. 

2. What is antigen presentation? Name some antigen presenting cells. 

Ans: There is a group of cells called antigen presenting cells. They process the antigens 

and a part of the antigen is bound to an MHC molecule. This antigen bound MHC is 

displayed on the cell surface and is recognised by T- cells. Some antigen presenting cells 

are dendritic cells, macrophages and neutrophils. 

3. How NK cells do recognised antigens? 

Ans: NK cell recognizes the target cells in two ways: firstly based on the abnormalities 

of membrane receptors such as reduction in the display of class I MHC molecules and 

the unusual profile of surface antigens displayed by some tumor cells and cells infected 

by some viruses. Secondly, NK cells recognize the target cells by a process known as  

antibody-dependent cell-mediated cytotoxicity (ADCC) through a membrane receptor 

called CD16 that can bind to the Fc-region, a carboxyl-terminal end of the IgG molecule. 

 

 

 



 
 

4. How do phagocytic cells kills pathogens? 

Ans: Phygocytic cells employ two mechanisms to kill pathogens. They are oxygen-

dependent and oxygen-independent pathways. In oxygen dependent pathways, the 

produce reactive oxygen and nitrogen species to kill the pathogens. In oxygen-

independent pathways, they employ hydrolytic enzymes and other molecules like 

defensins to kill the pathogens. 

5. Which cells are involved in allergic reactions? How do they manifest allergic 

reactions? 

Ans: The major cells involved in allergic reactions are mast cells and basophils. They are 

granulated cells which contains lots of pharmaco-active molecules like histamine in 

their granules. When activated they undergo degranulation with the release of their 

granular contains which causes the allergic manifestations. 
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CYTOKINES 

1. Introduction:  

Cytokines are glycoproteins with low molecular weight. They are secreted in 

response to a number of stimuli by white blood cells and various other cells in the body. 

There are about 200 different cytokines. They play significant role in cell to cell 

communications and they also assist in regulating the development of immune effector 

cells. The two major producers of cytokines are T-helper (TH) cells and macrophages. 

Cytokines bind to specific cytokine receptors on the membrane of target cells, which 

induces a cascade of reaction that leads to change in gene expression in the target cells. 

Cytokines and their receptors have a dissociation constants of about 10–10 to 10–12 M, 

and therefore binds with high affinity. Cytokines can mediate biological functions at 

very low concentrations of upto picomolar level, because of its high affinity to its 

receptors. 

2. Properties of cytokines: 

  Cytokines is the general term for all the cytokines secreted by different cell types. 

It includes the (i) lymphokines, secreted by lymphocytes, (ii) monokines, secreted by 

monocytes and macrophages (iii) interleukins, secreted by leukocytes and (iv) 

chemokines, which are involved in chemotaxis.  There are about 25 known interleukins, 

and some of the cytokines are also known by their common names like interferons and 

tumor necrosis factors.  

Cytokines have three major modes of actions: autocrine, paracrine and 

endocrine. When a cytokine secreted by a cell bind to the receptors on the same cell to 

exert its action, it is called autocrine action. When a cytokine produce by a cell binds to 

receptors on a nearby cell it is said to exert a paracrine action.  In some cases, cytokines 

may travel to a place far from its place of secretion and exerts an endocrine action to a 

target cell. Cytokines can activate or inhibits the activation and proliferation of various 

cells of the immune system and regulates immune response. Cytokines can also regulate 

the production of antibodies, and other cytokines that can affect the immune response. 

Binding of a given cytokine to responsive target cells generally stimulates increased 

expression of cytokine receptors and secretion of other cytokines, which affect other 

target cells in turn. Thus, the cytokines secreted by even a small number of lymphocytes 

activated by antigen can influence the activity of numerous cells involved in the immune 

response. For example, TH cell produces different types of cytokines which can affect 

the activity of B cells, TC cells, natural killer cells, macrophages, hematopoietic stem 

cells, and many other cells, which leads to activation of several interacting cells. 

Cytokines exhibit the characteristics of (i) pleiotropy (ii) redundancy (iii) 

synergy (iv) antagonism, and (v) cascade induction, which permit them to regulate 

cellular activity in a coordinated and interactive way. When a cytokine has different 

biological effects on different target cells, it is said to have pleiotropic properties. Two 

or more cytokines that mediate similar functions are said to be redundant; redundancy 

makes it difficult to ascribe a particular activity to a single cytokine. When the combined 

effect of two cytokines on cellular activity is greater than the additive effects of the 

individual cytokines, they are said to work in synergy. In some cases, cytokines exhibit 



 
 

antagonism; that is, the effects of one cytokine inhibit the effects of another cytokine. 

When a cytokine acts on a target cell, it  induces that cell to produce one or more other 

cytokines, which in turn may induce other target cells to produce other cytokines, the 

cytokines are said to work in cascade. 

3. Cytokine families: 

Cytokines can be classified into four distinct structural families: 

i. Hematopoietin family 

ii. Interferon family 

iii. Chemokine family and 

iv. Tumor necrosis factor family 

Cytokines in the same family shares very similar structures. For example, the IL2 and 

IL4 of the hematopoietin family, have high degree of alpha helical structure and very 

little or almost no beta sheet structures. Though their amino acid sequence is 

considerably different, they share a similar polypeptide fold, with four α-helical regions 

in which the first and second helices and the third and fourth helices run roughly 

parallel to one another and are connected by loops. 

4. Functions: 

Cytokines are involved in a large number of biological activities including innate 

immunity, adaptive immunity, inflammation, and hematopoiesis. The major 

physiological responses that required cytokine involvements are: 

i. Development of cellular and humoral immune responses,  

ii. Induction of the inflammatory response, 

iii. Regulation of hematopoiesis,  

iv. Control of cellular proliferation and differentiation, and  

v. The healing of wounds  

 

Some of the cytokines involved in innate immunity are:  

i. Interleukin 1 (IL1), secreted by the monocytes, macrophages, endothelial cells and 

epithelial cells. It is involved in vasculature during inflammation, fever, and in induction 

of acute phase proteins in liver. 

ii. Tumor necrosis factor α (TNFα), secreted by the macrophages. It is involved in 

inflammation, induction of acute phase proteins in liver, loss of muscles and body fats, 

induction of death in many cell types, and in neutrophil activation. 

iii. Interferon α (IFNα), secreted by the macrophages. It is involved in induction of anti-

viral state in most of the nucleated cells, increases expressions of MHC class I, and 

activates natural killer (NK) cells. 

 

Some of the cytokines involved in adaptive immunity are: 

i. Interleukin 2 (IL2), secreted by the T- cells. It is involved in T-cell and B-cell 

proliferations, NK cell activations and proliferation. 

ii. Interleukin 4 (IL4) secreted by TH2 cells and mast cells. It promotes TH2 cells 

differentiation and isotype switching to IgE. 



 
 

iii. Interferon γ (IFNγ) secreted by TH1 cells, CD8+ cells and NK cells. It activates 

macrophages, increases expressions of MHC class I and class II molecules, and increases 

antigen presentations. 

 

Cytokines act in an antigen-nonspecific manner. That is, they affect whatever 

cells they encounter that bear appropriate receptors and are in a physiological state that 

allows them to respond. Cytokines can maintain specificity by carefully regulating the 

expression of cytokine receptors on various cells. Therefore, in most cases, cytokine 

receptors are expressed on a cell only after that cell has interacted with an antigen. In 

this way cytokine activation is limited to antigen-activated lymphocytes. Another means 

of maintaining specificity may be a requirement for direct interaction between the 

cytokine-producing cell and the target cell to trigger cytokine secretion, thus ensuring 

that effective concentrations of the cytokine are released only in the vicinity of the 

intended target. 

5. Cytokine receptors: 

There are five families of cytokine receptor proteins. They are 

i. Immunoglobulin superfamily receptors 

ii. Class I cytokine receptor family (or Hematopoietin receptor family) 

iii. Class II cytokine receptor family (or Interferon receptor family) 

iv. Tumor necrosis factor (TNF) receptor family and 

v. Chemokine receptor family  

 

Class I cytokine receptor family or the hematopoietin receptor family constitute 

many of the cytokine receptors that function in the immune and hematopoietic systems. 

This class of cytokine receptor family have a characteristic feature of a conserved amino 

acid sequence motifs in the extracellular domain. This structural motif consists of four 

conserved cysteine residues (CCCC) at their fixed positions, and a conserved sequence 

of WSXWS (tryptophan-serine-any amino acid-tryptophan-serine).  

The class II cytokine receptors possess the conserved CCCC motifs, but lack the 

WSXWS motif presents in class I cytokine receptors. Another feature common to most of 

the class I cytokine and the class II cytokine receptor families is having multiple 

subunits, often including one subunit that binds specific cytokine molecules and another 

that mediates signal transduction. Engagement of all of the class I and class II cytokine 

receptors has been shown to induce tyrosine phosphorylation of the receptor through 

the activity of protein tyrosine kinases closely associated with the cytosolic domain of 

the receptors 

 

6. Cytokine antagonists: 

Cytokine antagonists are the proteins that inhibit the biological activities of 

cytokines. These proteins act in one of two ways: either they bind directly to a cytokine 

receptor but fail to activate the cell, or they bind directly to a cytokine and inhibits its 

activity. The best-characterized inhibitor is the IL-1 receptor antagonist (IL-1Ra), which 

binds to the IL-1 receptor but has no activity. Binding of IL-1Ra to the IL-1 receptor 



 
 

blocks binding of both IL-1α and IL-1β. Production of IL-1Ra has been thought to play a 

role in regulating the intensity of the inflammatory response.  

Inhibitors of cytokines are found in the blood and extracellular fluid. These 

soluble antagonists arise from enzymatic cleavage of the extracellular domain of 

cytokine receptors. Some of the soluble cytokine receptors are IL-2, -4, -6, and -7, IFN-γ 

and -α, TNF-β, and LIF. Of these, the soluble IL-2 receptor (sIL-2R), which is released in 

chronic T-cell activation, is the best characterized. A segment containing the amino-

terminal 192 amino acids of the α subunit is released by proteolytic cleavage, forming a 

45-kDa soluble IL-2 receptor. The soluble receptor can bind to IL-2 and prevent its 

interaction with the membrane-bound IL-2 receptor. The presence of sIL-2R has been 

used as a clinical marker of chronic T-cell activation and is observed in a number of 

diseases, including autoimmunity, transplant rejection, and AIDS. 

 

7. Conclusion:  

Cytokines are very important molecules in the immune system. They play 

significant role roles in the induction and regulation of cells in the immune system. They 

also play important role in inflammatory response and haematopoiesis. It is involved in 

the cell to cell communication which is very crucial for the coordinated immune 

response against antigens. It plays significant role in both the innate as well as adaptive 

immune response. A cytokine once secreted binds to its specific receptors and triggers a 

cascade of reactions which leads to proliferation, activation and differentiation of 

varieties of immune cells so as to achieve a highly co-ordinate, interactive and combined 

immune response to eliminate an antigen. 

 

Glossary: 

1. Autocrine: It is the binding of a cytokine to its receptor on the same cell that secrets it. 

2. Paracine:  It is the binding of a cytokine to its receptors on a target cell in close 

proximity to the producer cell. 

3. Pleiotropy: A given cytokine having different biological effects on different target cells 

is called pleiotropy. 

4. Redundancy: Two or more cytokines that mediate similar functions are called 

redundant. 

5. Synergy: When the combined effect of two cytokines on cellular activity is greater than 

the additive effects of the individual cytokines, it is called synergy. 

6. Antagonism: When the effects of one cytokine inhibit the effects of another cytokine, it 

is called antagonism 

 

 

 

 

 

 

 



 
 

FAQs: 

1. What are the major modes of actions of cytokines? 

 Ans: The major modes of action of cytokines are autocrine, paracrine and endocrine.  

2. What are chemokines? 

Ans: Chemokines are a type of cytokines, which have the properties to attract different 

types of cells. They play major role as chemoattractants in immune responses.  

3. How can specificity be maintained in cytokine action? 

Ans: Specificity can be maintained in cytokine action by carefully regulating the 

expression of cytokine receptors on different cells, and by the requirement for direct 

interaction between cytokine producer cells and the target cells. 

4. What is the characteristic feature of Class I cytokine receptors? 

Ans: The characteristic feature of Class I cytokine receptors is the presence of 

conserved amino acid sequence motifs in the extracellular domain consisting of four 

positionally conserved cysteine residues (CCCC) and a conserved sequence of 

tryptophan-serine-( any amino acid)-tryptophan-serine (WSXWS, where X is the 

nonconserved amino acid).  

5. What is cytokine antagonist? 

Ans: Cytokine antagonists are proteins that inhibit the biological activities of cytokines. 

These proteins act in one of two ways: either they bind directly to a cytokine receptor 

but fail to activate the cell, or they bind directly to a cytokine and inhibit its activity. 
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ANTIGENS AND IMMUNOGENS 

 

1. INTRODUCTION: 

Substances that can be recognized by the immunoglobulin receptor of B cells, or by the 

T cell receptor when complexed with MHC, are called antigens. Antigenicity is the ability 

to combine specifically with the final products of the immune responses (i.e., antibodies 

and/or cell-surface receptors). Immunogenicity is the ability to induce a humoral 

and/or cell mediated immune response. Antigen can be more appropriately called an 

immunogen. Although all molecules that have the property of immunogenicity also have 

the property of antigenicity, the reverse is not true. Some small molecules, called 

haptens, are antigenic but incapable, by themselves, of inducing a specific immune 

response. 

 

2. FACTORS THAT INFLUENCE IMMUNOGENICITY: 

The immune system actually recognizes particular macromolecules of an infectious 

agent, generally either proteins or polysaccharides. Proteins are the most potent 

immunogens, with polysaccharides ranking second. Lipids and nucleic acids of an 

infectious agent generally do not serve as immunogens unless they are complexed with 

proteins or polysaccharides. Immunologists tend to use proteins or polysaccharides as 

immunogens in most experimental studies of humoral immunity. For cell-mediated 

immunity, only proteins and some lipids and glycolipids serve as immunogens. 

Immunogenicity is not an intrinsic property of an antigen but rather depends on a 

number of properties of the particular biological system that the antigen encounters. 

 

2.1 THE NATURE OF THE IMMUNOGEN CONTRIBUTES TO IMMUNOGENICITY 

Immunogenicity is determined by four properties of the immunogen: (i) its 

foreignness, (ii) molecular size (iii) chemical composition and complexity and (iv) 

ability to be processed and presented with an MHC molecule on the surface of an 

antigen- presenting cell or altered self-cell. 

 

Foreignness: 

In order to elicit an immune response, a molecule must be recognized as nonself by the 

biological system. When an antigen is introduced into an organism, the degree of its 

immunogenicity depends on the degree of its foreignness. The greater the phylogenetic 

distance between two species, the greater the structural (and therefore the antigenic) 

disparity between them. 

 

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). 

Generally, substances with a molecular mass less than 5000–10,000 Da are poor 

immunogens, although a few substances with a molecular mass less than 1000 Da have 

proven to be immunogenic.  



 
 

 

Chemical composition and heterogeneity 

Size and foreignness are not, by themselves, sufficient to make a molecule 

immunogenic; other properties are needed as well. 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 sugars are usually more immunogenic than homopolymers of their constituents. All 

four levels of protein organization-primary, secondary, tertiary, and quaternary, 

contribute to the structural complexity of a protein and hence affect its immunogenicity  

 

Susceptibility to antigen processing and presentation 

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. For example, 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.  

 

2.2 THE BIOLOGICAL SYSTEM CONTRIBUTES TO IMMUNOGENICITY  

Even if a macromolecule has the properties that contribute to immunogenicity, its 

ability to induce an immune response will depend on certain properties of the biological 

system that the antigen encounters. These properties include: (i) the genotype of the 

recipient (ii) the dose and route of antigen administration and (iii) the 

administration of substances, called adjuvants, that increase immune responses. 

 

Genotype of the recipient animal: 

The genetic constitution (genotype) of an immunized animal influences the type of 

immune response the animal manifests, as well as the degree of the response. For 

example, Hugh McDevitt showed that two different inbred strains of mice responded 

very differently to a synthetic polypeptide immunogen. After exposure to the 

immunogen, one strain produced high levels of serum antibody, whereas the other 

strain produced low levels. When the two strains were crossed, the F1 generation 

showed an intermediate response to the immunogen. By backcross analysis, the gene 

controlling immune responsiveness was mapped to a sub-region of the major MHC. 

MHC gene products, which function to present processed antigen to T cells, play a 

central role in determining the degree to which an animal responds to an immunogen. 

The response of an animal to an antigen is also influenced by the genes that encode B-

cell and T-cell receptors and by genes that encode various proteins involved in immune 

regulatory mechanisms. Genetic variability in all of these genes affects the 

immunogenicity of a given macromolecule in different animals. 

 

 

 



 
 

Immunogen dosage and route of administration: 

Each experimental immunogen exhibits a particular dose-response curve, which is 

determined by measuring the immune response to different doses and different 

administration routes.  An antibody response is measured by determining the level of 

antibody present in the serum of immunized animals. Evaluating T-cell responses is less 

simple but may be determined by evaluating the increase in the number of T cells 

bearing TCRs that recognize the immunogen.  

Some combination of optimal dosage and route of administration will induce a peak 

immune response in a given animal.. A single dose of most experimental immunogens 

will not induce a strong response; rather, repeated administration over a period of 

weeks is usually required.  Such repeated administrations, or boosters, increase the 

clonal proliferation of antigen-specific T cells or B cells and thus increase the 

lymphocyte populations specific for the immunogen.  

 

Experimental immunogens are generally administered in the following routes: (i) 

Intravenous (iv): into a vein (ii) Intradermal (id): into the skin (iii) Subcutaneous (sc): 

beneath the skin (iv) Intramuscular (im): into a muscle (v) Intraperitoneal (ip): into the 

peritoneal cavity. The administration route strongly influences which immune organs 

and cell populations will be involved in the response. Antigen administered 

intravenously is carried first to the spleen, whereas antigen administered 

subcutaneously moves first to local lymph nodes. Differences in the lymphoid cells that 

populate these organs may be reflected in the subsequent immune response.  

 

 

Adjuvants: 

Adjuvants are substances that, when mixed with an antigen and injected with it, 

enhance the    immunogenicity of that antigen. Adjuvants are often used to boost the 

immune response when an antigen has low immunogenicity or when only small 

amounts of an antigen are available. Adjuvants exert one or more of the following 

effects:  

(i) Antigen persistence is prolonged. 

(ii) Co-stimulatory signals are enhanced.  

(iii) Local inflammation is increased.  

(iv) The nonspecific proliferation of lymphocytes is stimulated. 

Some of the common adjuvants are Aluminum potassium sulfate (alum), 

Freund’s incomplete adjuvant (FIA), Freund’s complete adjuvant (FCA) 

etc. 

 

3. EPITOPES  

Immune cells do not interact with, or recognize, an entire immunogen molecule; 

instead, lymphocytes recognize discrete sites on the macromolecule called epitopes, or 

antigenic determinants. Epitopes are the immunologically active regions of an 

immunogen that bind to antigen-specific membrane receptors on lymphocytes or to 



 
 

secreted antibodies. B and T cells recognize different epitopes on the same antigenic 

molecule. For example, when mice were immunized with glucagon, a small human 

hormone of 29 amino acids, antibody was elicited to epitopes in the amino terminal 

portion, whereas the T cells responded only to epitopes in the carboxyl-terminal 

portion.  

Lymphocytes may interact with a complex antigen on several levels of antigen structure. 

An epitope on a protein antigen may involve elements of the primary, secondary, 

tertiary, and even quaternary structure of the protein. In polysaccharides, branched 

chains are commonly present, and multiple branches may contribute to the 

conformation of epitopes. The recognition of antigens by T cells and B cells is 

fundamentally different. B cells recognize soluble antigen when it binds to their 

membrane-bound antibody. Because B cells bind antigen that is free in solution, the 

epitopes they recognize tend to be highly accessible sites on the exposed surface of the 

immunogen. Most T cells recognize only peptides combined with MHC molecules on the 

surface of antigen-presenting cells and altered self-cells. T-cell epitopes cannot be 

considered apart from their associated MHC molecules. T cells tend to recognize 

internal peptides that are exposed by processing within antigen-presenting cells or 

altered self-cells. 

 

4. HAPTENS  

Haptens are small organic molecules that are antigenic but not immunogenic. Chemical 

coupling of a hapten to a large protein, called a carrier, yields an immunogenic hapten-

carrier conjugate. Animals immunized with such a conjugate produce antibodies specific 

for (1) the hapten determinant, (2) unaltered epitopes on the carrier protein, and (3) 

new epitopes formed by combined parts of both the hapten and carrier. By itself, a 

hapten cannot function as an immunogenic epitope. But when multiple molecules of a 

single hapten are coupled to a carrier protein (or nonimmunogenic homopolymer), the 

hapten becomes accessible to the immune system and can function as an immunogen. 

Many biologically important substances, including drugs, peptide hormones, and steroid 

hormones, can function as haptens. Conjugates of these haptens with large protein 

carriers can be used to produce hapten-specific antibodies. 

 

5. LIPIDS AS ANTIGENS 

Appropriately presented lipoidal antigens can induce B- and T-cell responses. For the 

stimulation of B-cell responses, lipids are used as haptens and attached to suitable 

carrier molecules such as the proteins keyhole limpet hemocyanin (KLH) or bovine 

serum albumin (BSA). Using this approach, antibodies have been raised against a wide 

variety of lipid molecules including steroids, complex fatty-acid derivatives, and fat-

soluble vitamins such as vitamin E. For example, a determination of the levels of a 

complex group of lipids known as leukotrienes can be useful in evaluating asthma 

patients. These become possible by developing antibodies against leukotrienes. Lipoidal 

compounds such as glycolipids and some phospholipids can be recognized by T-cell 

receptors when presented as complexes with molecules that are very much like MHC 



 
 

molecules. These lipid-presenting molecules are members of the CD1 family and are 

close structural relatives of class I MHC molecules. 

 

6. CONCLUSION  

Antigens are substances that can be recognized by the receptors on B cells and T cells. 

Any antigens that can elicit an immune response are called immunogens. 

Immunogenicity or the ability to induce immune response depends on the nature of the 

immunogens and also on the biological system in which the immunogens are 

introduced. Immune cells recognized discrete regions on the antigens called epitopes or 

antigenic determinants. Therefore, antigens can have many epitopes recognized by 

different B or T cells. There are other small organic molecules called haptens that are 

antigenic but not immunogenic. They can be conjugated with proteins to make them 

immunogenic. Many biologically important substances can function as haptens and 

when they are conjugated with proteins, a large number of hapten specific antibodies 

could be produce which have varied applications. 

 

SUMMARY:  

Substances that are recognized by the final products of the immune response like 

antibodies or T- cell receptors are called antigens and the property is called antigenicity. 

Immunogenicity is the ability to induce a humoral and/or cell mediated immune 

response. Although all molecules that have the property of immunogenicity also have 

the property of antigenicity, the reverse is not true. Haptens are small organic molecules 

that are antigenic but not immunogenic. Chemical coupling of a hapten to a large 

protein, called a carrier, yields an immunogenic hapten-carrier conjugate. Proteins are 

the most potent immunogens, with polysaccharides ranking second. Lipids and nucleic 

acids of an infectious agent generally do not serve as immunogens unless they are 

complexed with proteins or polysaccharides. Immune cells do not interact with, or 

recognize, an entire immunogen molecule; instead, lymphocytes recognize discrete sites 

on the macromolecule called epitopes, or antigenic determinants. Immunogenicity is 

determined by four properties of the immunogen: (i) its foreignness, (ii) molecular size 

(iii) chemical composition and complexity and (iv) ability to be processed and 

presented with an MHC molecule. Even if a macromolecule has the properties that 

contribute to immunogenicity, its ability to induce an immune response will depend on 

certain properties of the biological system that the antigen encounters. These 

properties include: (i) the genotype of the recipient (ii) the dose and route of antigen 

administration and (iii) the administration of substances, called adjuvants that increase 

immune responses.  

 

 

 

 

 

 



 
 

GLOSSARY: 

1. Immunogenicity: The ability of an antigen to induced an immune response. 

2. Haptens: Small organic molecules that is antigenic but not immunogenic. 

3. Epitopes:  Discrete regions on an antigen that is recognized or interacted by the 

lymphocytes. 

4. Adjuvant: Adjuvants are substances that, when mixed with an antigen and injected with 

it, enhance the    immunogenicity of that antigen. 

5. Booster: Repeated administration of antigens or inoculation given to stimulate 

immunologic memory. 

 

FAQs: 

1. What is the difference between antigenicity and immunogenicity? 

 Ans: Antigenicity is the ability to combine specifically with the final products of the 

immune responses (i.e., antibodies and/or cell-surface receptors). Immunogenicity is 

the ability to induce a humoral and/or cell mediated immune response. 

 

2. What is correlation between the size of a macromolecule and its immunogenicity? 

Ans: The size of a macromolecule is correlated with its immunogenicity. The most 

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

substances with a molecular mass less than 5000–10,000 Da are poor immunogens. 

  

3. Where are the different routes of immunogen administration? 

Ans: Immunogens are generally administered in the following routes: (a) Intravenous 

(iv): into a vein (b) Intradermal (id): into the skin (c)  Subcutaneous (sc): beneath the 

skin (d) Intramuscular (im): into a muscle (e)  Intraperitoneal (ip): into the peritoneal 

cavity. 

 

4. What are the effects of adding adjuvant during antigen administration? 

Ans:  Adjuvants exert one or more of the following effects: (a) Antigen persistence is 

prolonged. (b) Co-stimulatory signals are enhanced.  (c) Local inflammation is 

increased. (d) The nonspecific proliferation of lymphocytes is stimulated. 

 

5. What are epitopes or antigenic determinants? 

Ans: Immune cells do not interact with, or recognize, an entire immunogen molecule; 

instead, lymphocytes recognize discrete sites on the macromolecule called epitopes, or 

antigenic determinants. Epitopes are the immunologically active regions of an 

immunogen that bind to antigen-specific membrane receptors on lymphocytes or to 

secreted antibodies. 
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STRUCTURE OF IMMUNOGLOBINS 

Antibodies or immunoglobulins (Ig) are the antigen binding glycoproteins with Y- shape 

structure. Antibodies have a common heterodimer structure made up of four 

polypeptide chains. This heterodimer structure consists of two identical light (L) chains 

and two identical heavy (H) chains. Each light chain is bound to a heavy chain by a 

disulfide bond and other non-covalent interactions. All species have two major classes 

of light chains: κ and λ. While, the Ig of all species have five different types of heavy 

chains - γ, , ,  and  called isotypes. Heavy chains can be further classified into 

subclasses by the minor differences in the amino acid sequences of the γ and  heavy 

chains. Both light and heavy chains have a variable sequence at the N-terminal region 

called V regions (VL in light and VH in heavy chains) but have a constant sequence at 

their C-terminal end. The constant region of light chain (CL) has same number of amino 

acids to that of VL but the heavy-chain constant region (CH) has three to four times 

longer depending on the class of the antibody molecules. The variable regions of both 

light and heavy chains have hyper-variable regions that directly interact with the 

antigens called complementarity-determining regions (CDRs). The structure of the 

immunoglobulin molecule is organized into the primary, secondary, tertiary and 

quaternary structures. The amino acid sequence accounts for the primary structure. The 

secondary structure is formed by folding of the primary structure back and forth upon 

itself into an antiparallel β-pleated sheet. The chains are then folded into a tertiary 

structure of functional compact globular domains. Finally, the globular domains of 

adjacent heavy and light polypeptide chains interact in the quaternary structure, 

forming functional domains that enable the molecule to specifically bind antigen and 

perform a number of biological effector functions. 

 

Introduction: 

Antibodies (Ab) are the antigen-binding glycoproteins that are synthesized exclusively 

by the plasma cells (B-cells). Each glycoprotein has different amino acid sequence and 

different antigen-binding sites. They are collectively known as immuno-globulins (Ig) 

and are the most abundant proteins components of the blood plasma constituting 20% 

of the total protein components.  

 

Basic Structure of Antibody: 

Antibody molecules have a simplest structure of Y-shaped with two identical antigen-

binding sites, each of them are at the tip of the Y-arm. Therefore, they are described as 

bivalent. 



 
 

 
Antibodies have a common heterodimer Y-shaped structure made up of four 

polypeptide chains. This heterodimer structure consists of two identical antigen-

binding light (L) chains (each of about 220 amino acids of 25,000 MW) and two 

identical heavy (H) chains (each of about 440 amino acids residues having 50,000 

MW). Each light chain is bound to a heavy chain by a disulfide bond and other non-

covalent interactions. Thus, antibody is a heterodimer of H–L chains. Similar non-

covalent interactions and disulfide bridges again link the two identical combinations of 

heavy and light (H-L) chain to each other to form the basic four-chain (H-L)2 structure 

of antibody, which is a dimer of the hetrodimers. The exact number and precise 

positions of these interchain disulfide bonds differ among different classes and 

subclasses of antibody. 

All species have two major classes of light chains: κ and λ. Any individual of a species 

produces both types of light chains. However, the light chains are always either both κ 

or both λ, never one of each in an Ig molecule. While, the Ig of all species have five 

different types of heavy chains - γ, , ,  and  called isotypes. The heavy chains of a 

given antibody determine the class of that antibody: Ig G (γ), Ig A (), Ig M (), Ig E () 

or Ig D (). Each class can have either κ or λ light chains. Any individual of a species 

produces all heavy chains, but in any one antibody molecule, both heavy chains are 

identical. Thus, an antibody molecule of the Ig G class could have the structure either 

κ2γ2 or λ2γ2 with two identical κ or λ light chains and two identical γ heavy chains. 

Further classification of the heavy chains into subclasses was made by the minor 

differences in the amino acid sequences of the γ and  heavy chains. So, there are four 

subclasses of γ heavy chains (γ1, γ2, γ3 and γ4) and two subclasses of  heavy chains (1 

and 2) in humans. 

 



 
 

 

 

Both light and heavy chains have a variable sequence at the N-terminal region but have 

a constant sequence at their C-terminal end. These segments of highly variable 

sequence consist of about 110 amino acids and are called V regions: VL in light and VH in 

heavy chains. The constant region of light chain (CL) has same number of amino acids to 

that of VL but the heavy-chain constant region (CH) has three to four times longer (330 

or 440 amino acids) depending on the class of the antibody molecules. The diversity in 

the variable regions of both light and heavy chains can be traced by the differences fall 

within areas (about 10 amino acid residues) of the V regions called complementarity-

determining regions (CDRs).  These CDRs constitute the antigen binding site of the 

antibody molecule. The remaining parts of the variable regions known as framework 

regions are relatively constant. Proceeding from the amino terminus of either the VL or 

VH, there are CDR1, CDR2 and CDR3. Among them, CDR3 is the most variable CDRs. 

 
 

Table 1: Chain composition of the five immunoglobulin classes in Human 

Isotype Heavy chain Subclasses Light chain Molecular formula 

Ig G γ γ1, γ2, γ3, γ4 κ or λ γ2κ2, γ2λ2 

Ig A  1, 2 κ or λ (2κ2)n or (2λ2)n; n = 1, 

2, 3 or 4 

Ig M  None κ or λ (2κ2)n, (2λ2)n; n = 1 or 

5 

Ig E  None κ or λ 2κ2, 2λ2 

Ig D  None κ or λ 2κ2, 2λ2 



 
 

Chemical and Enzymatic Deduction of Antibody Structure  

Porter and Edelman elucidated the basic structure of Ig molecules. Porter found that the 

proteolytic treatment with Papain split the Ig molecules (150,000 MW) into three 

fragments. Two of which were identical fragments (each with a MW of 45,000) called 

Fab fragments (fragment, antigen binding,) because they had antigen-binding activity. 

The third fragment of 50,000 MW was found to crystallize during cold storage. So, it is 

called the Fc fragment (fragment, crystallizable) and it had no antigen binding activity.  

Edelman reduced the Ig molecules into four chains: two identical chains (having 53,000 

MW) and two others of about 22,000 MW each by treatment with mercaptoethanol. The 

large molecules were designated as heavy (H) chains and the smaller ones as light (L) 

chains. 

Further, Nisonoff used pepsin to digest the Ig molecules and generated a single 100,000 

MW fragment composed of two Fab-like fragments designated the F(ab’)2 fragment. 

F(ab’)2 can bind antigens. The Fc fragment was not recovered from pepsin digestion 

because it had been digested into multiple fragments. 

 

Immunoglobulin Fine Structure 

The structure of the immunoglobulin molecule is firmed by the primary, secondary, 

tertiary and quaternary organization of the protein. The amino acid sequence of the 

primary structure accounts for the variable and constant regions of the light and heavy 

chains. The secondary structure is formed by folding of the primary structure back and 

forth upon itself into an antiparallel β-pleated sheet. The chains are then folded into a 

tertiary structure of functional compact globular domains, which are connected to 

neighboring domains by continuations of the polypeptide chain that lie outside the β-

pleated sheets. Finally, the globular domains of adjacent heavy and light polypeptide 

chains interact in the quaternary structure, forming functional domains that enable the 

molecule to specifically bind antigen and at the same time, perform a number of 

biological effector functions. 

 

Immunoglobulin Domains  

Both light and heavy chains are made up of repeating homologous segment of about 110 

amino acid residues, each containing an intrachain disulfide bond. These repeating 

segments folds to form compact functional units of about 60 amino acids called 

immunoglobulin (Ig) domains. A light chain contains one variable (VL) domain and one 

constant (CL) domain.  Similarly, heavy chain consists of one variable (VH) domain and 

either three or four constant (CH) domains, depending on the antibody class. Most heavy 

chain have three constant (CH1, CH2 and CH3) domains, but those of Ig M and Ig E 

antibodies have four (CH1, CH2, CH3 and CH4). VL and CL domains of light chain pair with 

the VH and CH1 domain of the heavy chain to form the antigen-binding site. 

 

Hinge Region 

The γ, , and  heavy chains contain an extended peptide sequence between the CH1 and 

CH2 domains called the hinge region that has no homology with the other domains. The 



 
 

hinge region is rich in proline and cysteine residues and is flexible that can move from 

60 to 180 degrees. Only IgG, IgD and IgA have the hinge region that makes them flexible 

between two Fab arms of the Y-shaped antibody molecules. The large number of proline 

residues in the hinge region makes it susceptible to cleavage by proteolytic enzymes 

such as papain or pepsin. While, the cysteine residues form interchain disulfide bonds 

that hold the two heavy chains together. The number of this interchain disulfide bonds 

varies with the variation in length of hinge region i.e., from 10 to more than 60 amino 

acids residues in different isotopes. The  and  heavy chains of Ig M and Ig E lack a 

hinge region, although they have an additional constant-region domain (CH2/CH2) called 

tall pieces that has hinge like features. These tall pieces permit Ig M and Ig A to interact 

with like antibodies and form multimeric molecules. Multimeric IgM and Ig A also have 

a polypeptide called the joining (J) chain, which is a disulfide-linked to the tall pieces 

and stabilizes the multimeric structure. 

 

 

 

Other Constant-Region Domains 

The five classes of immuno-globulins can be expressed either as secretory 

immunoglobulins (sIg) or as membrane-bound immunoglobulins (mIg). The 

carboxyl-terminal domain of the secretory immunoglobulin differs from membrane-

bound immunoglobulin in both structure and function. Secretory immunoglobulin has a 

hydrophilic amino acid sequence at the carboxyl-terminal end. In membrane-bound 

immunoglobulin, the carboxyl-terminal domain contains three regions: an extracellular 

hydrophilic spacer sequence of about 26 amino acid residues, a hydrophobic 

transmembrane sequence and a short cytoplasmic tail of variable length. Different 

classes of mIg are expressed at different developmental stages of B cells. The immature 

pre-B cell expresses only mIgM. Later in maturation, mIgD appears and is co-expressed 

with IgM on the surface of mature naïve B cells. mIgM, mIgG, mIgA or mIgE can be 

expressed by a memory B cell. 

Conclusion  

 An antibody molecule has a common Y-shaped structure that consists of two identical 

light chains and two identical heavy chains, which are linked by disulfide bonds. Each 

heavy chain has an amino-terminal variable region (VH) followed by three or four 

constant regions [(CH)n; n = 1 – 3 or 4]. In any given molecule of antibody, the constant 

region contains one of five basic heavy-chain sequences (, γ, ,  or ) called isotypes 

and one of two basic light-chain sequences (κ or λ) called types. The heavy-chain 

Table 2: Corresponding constant region domains of the heavy chain 

isotypes 

Ig G, Ig A, Ig D Ig M, Ig E 

CH1/CH1 

Hinge Region 

CH2/CH2 

CH3/CH3 

CH1/CH1 

CH2/CH2 

CH3/CH3 

CH4/CH4 



 
 

isotype determines the class of an antibody molecule (, IgM; γ, IgG; , IgD; , IgA; and , 

IgE). The five antibody classes have different effector functions, average serum 

concentrations and half-lives. Each of the domains in the immunoglobulin molecule has 

a characteristic tertiary structure called the immunoglobulin fold. Within the amino-

terminal variable domain of each heavy and light chain, there are three 

complementarity-determining regions (CDRs). Among these CDRs, CDR3 is the most 

variable region of amino acid sequence. These CDRs contribute the antigen-binding site 

of an antibody and also determine its specificity. Immunoglobulins are expressed either 

as secretory antibody that is produced by plasma cells or membrane-bound antibody 

that associates the membrane surface of the naïve B-cells or immature B-cells.  

 

Isotypes 

Antibody isotypes are the same thing as antibody classes. There are 5 major isotypes: 

IgM, IgD, IgG, IgE, and IgA. The difference between these isotypes lies in the heavy chain 

(Mu, Delta, Gamma, Epsilon, or Alpha). You can have either kappa or lambda light chains 

with any of these isotypes. The most plentiful isotype in the body is IgA (if you’re just 

looking at the blood, the most common isotype is IgG); the least plentiful one is IgE. 

They all have different functions, which, come to think of it, is a good topic for another 

post. 

 

Allotypes 

Allotypes represent the genetically determined differences in antibodies between 

people. So you and I both have IgG, but unless we’re closely related, my IgGs are very 

slightly different than yours – maybe just by a couple amino acids in the constant region 

of the heavy or light chains. Allotypes are used for paternity testing. 

 

Idiotypes 

Idiotypes are antibodies that recognize different specific epitopes. The thing that 

determines the idiotype is way at the end of the variable region; it’s composed of a 

bunch of different idiotopes (or combining sites). 

 

Summary:  

Antibodies or immunoglobulins (Ig) are the antigen binding glycoproteins with Y- shape 

structure. Antibodies have a common heterodimer structure made up of four 

polypeptide chains: two identical light (L) chains and two identical heavy (H) chains. 

Each light chain is bound to a heavy chain by a disulfide bond and other non-covalent 

interactions. All species have two major classes of light chains: κ and λ. While, the Ig of 

all species have five different types of heavy chains - γ, , ,  and  called isotypes. Both 

light and heavy chains have a variable sequence at the N-terminal region called V 

regions but have a constant sequence at their C-terminal end. The constant region of 

light chains is shorter than the heavy-chain constant region. The variable regions of 

both light and heavy chains have hyper-variable regions that directly interact with the 

antigens called complementarity-determining regions (CDRs). The structure of the 



 
 

immunoglobulin molecule is organized into the primary, secondary, tertiary and 

quaternary structures. The amino acid sequence forms the primary structure and the 

secondary structure consists of anti-parallel β-pleated sheets. The chains are then 

folded into a tertiary structure of functional compact globular domains. Finally, the 

globular domains of adjacent heavy and light chains interact in the quaternary 

structure, forming functional domains that enable the molecule to specifically bind 

antigen and perform a number of biological effector functions. 

 

Glossary: 

1. Complementarity determining regions (CDRs): The hyper-variable region in the 

V-region of immunoglobulins that directly interacts with the antigens. 

2. F(ab')2: Two Fab units linked by disulphide bridges between fragments of the heavy 

chain. They are obtained by digestion of antibodies by pepsin. 

3. Fab fragment:  “Fragment antigen binding” A monovalent antigen binding fragment 

of an immunoglobulin molecule that consists of one light chain and part of one 

heavy chain, linked by an interchain disulfide bond. It is obtained by brief papain 

digestion. 

4. Fc Fragment: “Fragment crystallizable” A crystallizable, non-antigen binding 

fragment of an immunoglobulin molecule that consists of the carboxy-terminal 

portions of both heavy chains. 

5. Hinge region: The segment of immunoglobulin heavy chain between the Fc and Fab 

regions. It gives flexibility to the molecule. 

 

FAQs: 

1. What are Isotype? 

   Ans: An antibody class, which is determined by the constant-region sequence of the 

heavy chain. The five human immunoglobulin isotypes are designated as IgA, IgG, 

IgM, IgD and IgE, and they are structurally and functionally different. 

2. What is role of the hinge region of the immunoglobulin? 

    Ans: The hinge region gives flexibility to the immunoglobulin structure and allows the 

two antigen binding sites to function independently. 

3. Where are the CDR regions located in the antibody molecules? What are their 

functions?  

    Ans: The CDR regions are located in the loops of the immunoglobulin folds 

constituting the VH and VL regions. The residues in the CDR regions are directly 

involved in antigen binding. 

4. What are the products of papain digestion of immunoglobulin? 

    Ans: Digestion of immunoglobulin with papain gives two Fab (Fragment antigen 

binding ) fragments and one Fc ( Fragment crystallizable) fragments. 

5. What are the products of pepsin digestion of immunoglobulin? 

    Ans: Digestion of immunoglobulin with pepsin gives one F(ab')2 fragment. F(ab')2 

fragment consist of two Fab units linked by disulphide bridges between fragments of 

the heavy chain. 



 
 

 

Quiz: 

1. Antibodies are  

a. Proteins 

b. Carbohydrates 

c. Lipids 

Ans: a 

 

2. Antibodies consist of  

a. 2 light chains and a heavy chains 

b. 2 light chains and 2 heavy chain 

c. A light chain and 2 heavy chains 

Ans: b 

 

3. In antibodies, light chains and heavy chains are joined by 

a. Covalent bonds 

b. Ionic bonds 

c. Di-sulfide bonds 

Ans: c 

 

4. In antibodies, the hyper-variable region resides in the  

a. N-terminal region of light chain. 

b. N-terminal region of heavy chain 

c. N-terminal region of both light and heavy chains 

Ans: c 

 

5. Fab stands for 

a. Fragment antibody binding 

b. Fragment antigen binding  

c. Fragment antbody or antigen binding 

Ans: b 

 

6. Which of the following is true for Fc fragment? 

a. Fragment crystallizable and is the constant region 

b. Fragment constant and is the constant region 

c. Fragment crystallizable and is the variable region 

Ans: a 
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