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IMMUNOLOGY 
 Immunology is the science that is concerned with immune response to foreign bodies. 
 Immunity derived from the Latin word “immunis” meaning exempt is the ability of an organism to resist 

infections by pathogens and protection against foreign organisms. 
 The cells, tissues, and organs that carry this function constitute the IMMUNE SYSTEM. 
 Immunity is divided into two types: Innate immunity and Adaptive immunity. 

INNATE IMMUNITY: 

 Innate immunity is present since birth and acts against any foreign molecules and pathogens. 
 It provides the first line of defense against pathogens. It is not specific to one pathogen but rather acts 

against all foreign molecules and pathogens. 
 This type of immunity does not rely on previous exposure to a pathogen and response ifs functional 

since birth and has no memory. 

Elements of innate immunity: 

1. Physical barrier 
 They tend to prevent the entry of pathogens and are an organism’s first line of defense against 

infection. 
 Skin and mucous membranes act as effective barriers against microorganisms. 
 Most of the organisms cannot penetrate the intact skin (exceptions damaged skin). 
 Acidic pH of sweat, sebaceous secretions, various fatty acids and hydrolytic enzymes such as 

lysozymes inhibit the growth of most microorganisms. 
 Mucous membranes present on the respiratory, gastrointestinal tract, conjunctiva of the eye protect 

aganist foreign microorganisms. 
 Several antimicrobial chemicals and phagocytic cells provide protection against pathogens. 

2. Chemical mediator 
A variety of chemicals such as complement proteins, cytokines, pattern recognition molecules, acute-
phase proteins, cationic peptides, enzymes like lyzosomes mediate protection against microbes. 
 Complement proteins are synthesized in the liver and circulate in the blood and extracellular fluid. 

Activation of the complement proteins in response to certain microorganisms results in a controlled 
enzymatic cascade, which targets the membrane of pathogenic organisms and leads to their destruction. 

 Cytokines are low molecular weight soluble proteins. It includes monokines, lymphokines, interleukin 
and interferons. Interferons are made by cells in response to virus infection. Chemokines are small, 
positively charged proteins that guide the migrations of various types of WBC’s.  

 Other chemical mediators include soluble pattern recognition molecules like mannose-binding lectin 
(MBL), C-reactive protein (CRP) which bind to the microbial surface and promote their opsonization. 

 Acute phase proteins are a heterogeneous group of plasma proteins mainly produced in the liver as a 
result of microbial stimulus e.g. CRP, serum amyloid protein (SAA) and MBP. These proteins 
maximize the activation of the complement system and opsonization of the invading microbes. 

3. Cellular defenses 
 Specialized cell types like neutrophils, macrophages, monocytes, natural killer cells and dendritic cells 

participate in innate host defense mechanisms. Phagocytosis (ingestion of invading foreign particles 
such as bacteria) is a fundamental protective mechanism carries out by these cell types.  It is enhanced 
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by a variety of factors referred to as opsonins (consists of antibodies and various serum components of 
the complement). 

4. Inflammatory barriers 
 Inflammation is an important nonspecific defense reaction to cell injury. Inflammatory response is 

mediated by a variety of signaling molecules. 
 Tissue damage caused by a wound or by an invading pathogenic microorganism induces a complex 

sequence of events collectively known as the inflammatory response. 
 The cardinal signs of inflammation reflect the three major events of an inflammatory response: 

Vasodilation (an increase in the diameter of blood vessels), an increase in capillary permeability and 
influx of phagocytes from the capillaries into the tissues. 

 One of the principal mediators of the inflammatory response is histamine, a chemical released by a 
variety of cells in response to tissue injury. Histamine binds to receptors on nearby capillaries and 
venules, causing vasodilation and increased permeability. 

 Small peptides called kinins, are normally present in blood plasma in an inactive form. Tissue injury 
activates these peptides, which then cause vasodilation and increased permeability of capillaries. A 
particular kinin, called bradykinin, also stimulates pain receptors in the skin. 

ADAPTIVE IMMUNITY: 

 Adaptive immunity is capable of recognizing and selectively eliminating specific foreign 
microorganisms and molecules (i.e., foreign antigens). Unlike innate immune responses, adaptive 
immune responses are not the same in all members of a species but are reactions to specific antigenic 
challenges. 

 Adaptive immunity displays four characteristic attributes: 
1. Antigenic specificity: It is the ability to discriminate among different epitopes/ antigens. 
2. Diversity: The ability to respond to different epitopes even if the individual has not previously 

encountered them. 
3. Immunologic memory: It is the ability to recall previous contact with a foreign molecule and 

respond to it in a learned manner-i.e. with a more rapid and larger response. 
4. Self/non-self recognition: It is the ability to recognize and respond to molecules that are foreign and 

to avoid making a response to those molecules that are self (self tolerant). 
Difference between innate and adaptive immune response 

 
 

 

 

 

 

 

Attribute Innate immune response Adaptive immune response 
Specificity Antigen non-specific Antigen specific 
Response time Rapid response(hours) Slow response(days) 
Diversity limited Very high 
Memory Absent or low Present 

Major cell types Phagocytes, NK cells and others T and B-cells, APS(antigen 
presenting cells 

Distribution Found in invertebrates and 
vertebrates 

Found only in jawed vertebrates 
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 Adaptive immunity maybe passive or active. Active immunity is induced by natural exposure to a 
pathogen (natural) or by vaccination (artificial). In this kind of immunity a person develops his own 
immune response to a microbe. 

 Immunity resulting from the transfer of antibodies or immune cells from an immune to a non-immune 
individual is known as passive immunity. It maybe natural (involves the transfer of antibodies from one 
host to another) or artificially (when antibodies or lymphocytes that have been produced outside the host 
are introduced into the host) acquired). 

Difference between innate and adaptive immune response 
Active Immunity Passive Immunity 

Exposure to antigen No exposure to antigen 
Immunity achieved by injecting antigens Immunity achieved by injecting Ab or Ag reactive 

T-cells 
Activation immune system No immune system activation 
Immune state develops over a period of weeks Immunity develops immediately 
Immunological memory develops No immunological memory develops 
 

 There are two branches of acquired immunity one is mediated by B-cells and circulating antibodies, a 
form of immunity which is referred to as humoral immunity( humor- body fluids) 

 The other is mediated by T-cells, which do not synthesize antibodies but instead synthesize and release 
various cytokines that affect other cells. This is termed as cellular or cell-mediated immunity. 

 In humoral immunity, B-cells (B lymphocytes) synthesize and secrete antibodies with specificity against 
the foreign substance.  

 The T-cells (T- lymphocytes) which also exhibit specificity against the foreign substance do not make 
antibodies but perform various effector functions when APC’s bring antigens into the secondary 
lymphoid organs.  

CELLS OF THE IMMUNE SYSTEM 

 The immune system is a defensive system in a host which constitutes of widely distributed cells, tissues 
and organs that recognize foreign substances and microorganisms and act to destroy them. 

 The main cells that are responsible for immunity are the leukocytes/WBC’s.  
 Leukocytes arise from hematopoietic stem cell. It is a multipotent cell and gives rise to lymphoid 

progenitor cell or myeloid progenitor cell. 

 

 

 

 

 

 

 

 HEMATOPOIETIC STEM CELLS 
(present in the bone marrow) 

Myeloid progenitor 
Monocyte 
Basophill 
Eosinophil 
Neutrophil 
Mast cells 
Platelets 

RBC 
Dendritic cell 

Lymphoid progenitor 

Dendritic cell NK cell 

B-cell T- cell 
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Lymphoid progenitor 

 Lymphocytes are mononuclear leukocytes which constitute 20% - 40% of total WBC’s. They occur in 
large numbers in the blood and lymph and lymphoid organs such as the thymus, lymph nodes, spleen 
and appendix. 

 Lymphocytes are of three types: 
1. B-lymphocytes or B-cells 
2. T-lymphocytes or T-cells 
3. Natural killer cells (NK) 

B-Lymphocytes: 

 B-Lymphocyte matures in the bone marrow and expresses membrane bound antibody. After it comes in 
contact with the antigen it differentiates into the antibody-secreting plasma cells and memory cells. B-
cells also serve as antigen presenting cells (APCs). 

 Memory B cells have a longer life span than naive cells, and they express the same membrane-bound 
antibody as their parent B cell. Plasma cells produce the antibody in a form that can be secreted and 
have little or no membrane-bound antibody. 

Properties of B-cell: 

 

 

 

 

 

 

 

T-Lymphocytes: 

 T-lymphocytes arise in the bone marrow but unlike B-cells the T-cells migrate to the thymus gland to 
mature. During its maturation the T-cell expresses a unique antigen-binding molecule, called the T-cell 
receptor on the membrane. 

 Unlike membrane-bound antibodies on B cells, which can recognize antigen alone, T-cell receptors can 
recognize only antigen that is bound to cell-membrane proteins called Major Histocompatibility 
Complex (MHC) molecules. MHC molecules that function in this recognition event, which is termed 
“antigen presentation,” are polymorphic (genetically diverse) glycoproteins found on cell membranes. 

Origin Bone marrow 
Maturation Bone marrow(Bursa of Fabricius in bird) 

Expression of Ag receptor Bone marrow 
Differentiation In lymphoid tissue 

Surface immunoglobulin Present 
Immunity Humoral 

Distribution Spleen, lymph nodes, Bone marrow and 
others. 

Secretory product Antibodies and cytokines 
Complement receptors Present 
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 T-cells do not make any antibodies but perform effector functions when APC’s bring antigens into the 
secondary lymphoid organ. T-cells help in removing APC’s, cancer cells, virus infected cells etc. 

 T-cells express distinct membrane molecules. On the basis of the presence of one or the other of two 
membrane molecules, CD4+ and CD8+, there are two sub population of T-cells- T helper cells TH 

(carries CD4+ membrane glycoprotein on their surfaces) and T cytotoxic cells TC (carriers CD8+ 

membrane glycoprotein on their surfaces). 
 The ratio of CD4+ and CD8+ T-cells is approximately 2:1 in normal human peripheral blood, but it may 

be altered by immunodeficiency and autoimmune diseases. 
 Cytotoxic T-cells provide protection against intracellular pathogens such as viruses and bacteria that 

multiply in the host cell cytoplasm, where they sheltered from attack by antibodies. They provide this 
protection by killing the infected cell before the microbes can proliferate and escape from the infected 
cell to infect the neighboring cells. 

 Helper T cells are crucial for defense against both intracellular and extracellular pathogens. They help 
stimulate B-cells to make antibodies that inactivate and eliminate extracellular pathogens and their toxic 
products. 

Properties of T-cell 

 

 

 

 

 

 

 

Antigen-presenting cells 
 Activation of both the humoral and cell-mediated branches of the immune system requires cytokines 

produced by TH cells. It is essential that activation of TH cells themselves be carefully regulated, because 
an inappropriate T-cell response to self-components can have fatal autoimmune consequences. 

 To ensure carefully regulated activation of TH cells, they can recognize only antigen that is displayed 
together with class MHC II molecules on the surface of antigen-presenting cells (APCs). 

  These specialized cells, which include macrophages, B lymphocytes, and dendritic cells, are 
distinguished by two properties: (1) they express class II MHC molecules on their membranes, and (2) 
they are able to deliver a co-stimulatory signal that is necessary for TH-cell activation. 

 Antigen-presenting cells first internalize antigen, either by phagocytosis or by endocytosis, and then 
display a part of that antigen on their membrane bound to a class II MHC molecule. The TH cell 
recognizes and interacts with the antigen–class II MHC molecule complex on the membrane of the 
antigen-presenting cell. An additional co-stimulatory signal is then produced by the antigen-presenting 
cell, leading to activation of the TH cell. 

Natural Killer Cells: 

Origin Bone marrow 
Maturation Thymus  

Expression of Ag receptor Thymus  
Differentiation In lymphoid tissue 

Surface immunoglobulin Absent 
Immunity Cell mediated and Humoral 

Secretory product Cytokines 
Complement receptors TCR on membrane 
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 NK cells are a class of lymphocytes that are distinct from cytotoxic T-cells. NK cells play a role in 
destroying cells infected with intracellular pathogens. They constitute 5-10% of lymphocyte population. 

 NK cells destroy the target cell by releasing biologically potent molecules. They resemble Tc cells in 
their ability to destroy infected cells. 

 They are capable of destroying malignant and virus infected cells without previous exposure or contact 
with the foreign antigen. Chediak-Higashi syndrome an autosomal recessive disorder is associated with 
a lack of NK cells. 

Dendritic cells: 

 Dendritic cells are bone marrow derived cells that arise for both the myeloid and lymphoid lineages. The 
myeloid pathway that gives rise to monocyte/macrophage cell type also gives rise to dendritic cells. 

 Dendritic cells acquire antigen by phagocytosis; the antigen is processed, and mature dendritic cells 
present it to TH cells. 

 Dendritic cells are classifies into four types: 
1. Langerhans cells 
2. Interstitial dendritic cells 
3. Myeloid dendritic cells 
4. Lymphoid dendritic cells 

Myeloid progenitor 

 Cells that arise from a common myeloid progenitor include RBC’s as well as various types of WBC’s 
(such as granulocytes, monocytes, macrophages etc). 

Granulocytes: 

 Granulocytes have irregular shaped nuclei with 2-5 lobes and are often called polymorphonuclear 
leukocytes. Their cytoplasmic matrix has granules that contain reactive substances that kill 
microorganisms and enhance inflammation. 

 There are three types: 
1. Basophils 
2. Eosinophils 
3. Neutrophils  

 Basophils have a lobed nucleus and stain withat basic dye methylene blue. It comprises less than 1% of 
total WBC’s. They are non-phagocytic, release substances that cause an allergic response. These 
molecules include histamine, prostaglandins, serotonin and leukotrienes. Basophils (and mast cells) 
possess high affinity receptors for one type of antibody known as IgE. 

 Mast cell precursors are formed in the bone marrow and released into the blood in an undifferentiated 
state, until they reach the tissues. They have a large number of cytoplasmic granules containing 
histamine. Mast cells and basophils play role in allergic responses. 

 Neutrophils have a multilobed nucleus and a granulated cytoplasm that stain with acidic and basic dyes. 
They (constitute about 50%-70% of the circulating WBC’s) are produced by haemopoiesis in the bone 
marrow. 
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  Neutrophils are released into the peripheral blood and circulate for 7-10 hours before migrating into the 
tissues, where they have a life span of only a few days. Just like macrophages, they are active 
phagocytic cells. 

 Eosinophils have a bilobed nucleus and stain with the acidic dye eosin. They comprise 2-5% of WBC’s 
and are motile phagocytic cells that can migrate from the blood into the tissue space. Their role is 
important in the defense against protozoans and helminth parasites, mainly by releasing cationic 
peptides and reactive oxygen intermediates into the extracellular fluid. 

 

 

Monocytes: 

 Monocytes are mononuclear phagocytic leukocytes that circulate briefly in the blood stream before 
migrating into the tissues where they turn into macrophages or dendritic cells. Monocytes circulate in 
the blood stream for about 8 hours during which they enlarge, and then they migrate into the tissues and 
differentiate into specific tissue macrophages or dendritic cells. 

Macrophages: 

 Macrophages are phagocyte derived from blood monocytes. Monocytes that migrate into tissues in 
response to infection can differentiate into specific tissue macrophages. The monocyte is a small 
spherical cell with few projections, abundant cytoplasm and many granules. 

 Following migration of monocytes from blood to various tissues they undergo further differentiation 
into a variety of histologic form all of which play a role in phagocytosis, including: Kupffer cells in the 
liver, alveolar macrophages in the lung, spleen macrophages in the white pulp, peritoneal macrophages, 
osteoclasts in the bone, mesangial cells in the kidney and microglial cells in the central nervous tissue. 

Organs involved in Immune response: 

 The maturation, differentiation and proliferation of B and T- lymphocytes take place in the lymphatic 
organs. They are generally divided into two categories: Primary and Secondary lymphoid organs. 

Primary lymphoid organs are those in which the maturation of T and B lymphocytes into antigen 
recognizing lymphocytes occurs. Bone marrow and thymus are examples of primary (central) lymphoid 
organs. 

Secondary lymphoid organs are those organs in which antigen driven proliferation and differentiation take 
place. The mature B and T lymphocytes migrate from the bone marrow and the thymus through the blood 
stream to the secondary lymphoid organs.  

The major secondary lymphoid organs are the spleen, the lymph nodes and mucosa associated lymphoid 
tissue (MALT). They carry out two main functions: they are highly efficient in trapping and concentrating 
foreign substances and they are the main sites of production of antibodies and induction of antigen-specific 
T-lymphocytes. 

Humoral and Cell-mediated responses: 
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 As mentioned earlier, immune responses can be divided into humoral and cell-mediated responses. 
Humoral immunity refers to immunity that can be conferred upon a non immune individual by 
administration of serum antibodies from an immune individual. 

  In contrast, cell-mediated immunity can be transferred only by administration of T cells from an 
immune individual. 

 The humoral branch of the immune system is at work in the interaction of B cells with antigen and their 
subsequent proliferation and differentiation into antibody-secreting plasma cells.  

 Antibody functions as the effector of the humoral response by binding to antigen and neutralizing it or 
facilitating its elimination.  

 When an antigen is coated with antibody, it can be eliminated in several ways. Effector T cells generated 
in response to antigen are responsible for cell-mediated immunity activated TH cells and cytotoxic T 
lymphocytes (CTLs) serve as effector cells in cell-mediated immune reactions.  

 Cytokines secreted by TH cells can activate various phagocytic cells, enabling them to phagocytose and 
kill microorganisms more effectively. 
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Overview of humoral and cell mediated branches of immune system 

Major Histocompatability Complex (MHC) 

 MHC is a tightly linked cluster of genes present in every vertebrate species. MHC is located on 
chromosome 6 in humans and referred to HLA (human leukocyte antigen) complex. 

 There are two major types of MHC molecules: Class I MHC molecules, which are expressed by nearly 
all nucleated cells of vertebrate species, consist of a heavy chain linked to a small invariant protein 
called β2-microglobulin.  

 Class II MHC molecules, which consist of an alpha and a beta glycoprotein chain, are expressed only by 
antigen-presenting cells. When a naive T cell encounters antigen combined with a MHC molecule on a 
cell, the T cell proliferates and differentiates into memory T cells and various effector T cells. 

 TH cells generally recognize antigen combined with class II molecules, whereas TC cells generally 
recognize antigen combined with class I molecules. 

 Each MHC molecule can bind to a spectrum of antigenic peptides derived from the intracellular 
degradation of antigen molecules. 

 Class I MHC genes codes for a transmembrane glycoprotein of approximate molecular weight of 43kDa 
referred to as α or heavy chain. The highest levels of class I molecules are expressed by lymphocytes. 

 Class II MHC genes code for α and β chains of approximate molecular weight 35,000 and 28,000 Da. 
They are glycoprotein molecules with cytoplasmic tails and extracellular Ig like domains. APC’s like 
fibroblasts, thymic epithelial cells, glial cells can be induced to express class II MHC molecules. 

ANTIGENS 

 Adaptive immune responses arise as a result of exposure to foreign compounds. The compound that 
evokes the response is referred to as antigen against which an antibody is generated. 

 An antigen is any agent capable of binding specifically to T-cell receptor or an antibody molecule. The 
ability to bind with an Ab or T-cell receptor is referred to as antigenicity. 

 An immunogen is any agent capable of inducing an immune response and therefore is termed as 
immunogenic. 

 The distinction between the two terms is that there are many compounds that are incapable of inducing 
an immune response, yet they are capable of binding with components of the immune system that have 
been induced against them. Thus all immunogens are antigens, but not all antigens are immunogens. 

Requirements for immunogenicity: 

1. Foreignness: An effective immunogen must be foreign with respect to the host. The adaptive immune 
system recognizes and eliminates only foreign (nonself) antigens. 

2. Size: The immunogen must have a certain minimal molecular weight. Small compounds with the 
molecular weight <1000Da (e.g. penicillin, asprin) are not immunogenic, those with the molecular 
weight between 1000 and 6000 Da (e.g. insulin, adrenocorticotropic hormone) may or may not be 
immunogenic, and those of molecular weight >6000 Da (e.g. albumin, tetnus toxin) are generally 
immunogenic. 
The most active immunogens tend to have a molecular mass of 100,000 Da or more. Therefore small 
substances have decreased immunogenicity and large substances have increased immunogenicity. 

3. Chemical complexity: The immunogen needs to be chemical complex. Irrespective of the molecular 
mass of the compounds they must possess a certain level of complexity.  
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All proteins are immunogenic. The greater the degree of complexity of the protein the more vigorous 
will be the immune response to that protein. Carbohydrates are immunogenic only if they have a 
complex polysaccharide structure. Nucleic acids and lipids are poor immunogens but they become 
immunogenic when they are conjugated to protein carriers. 

4. Dosage and route of administration:  Insufficient dose of the immunogen may not stimulate an 
immune response because the amount administered would fail to activate enough lymphocytes or the 
cells may be unresponsive to the dose. Besides the need to administer a certain amount of immunogen to 
induce an immune response, the number of doses administered also affects the outcome of the immune 
response. 
The route of administration also plays an important role. Immunogens can be administered through a 
number of common routes: intravenous (into a vein), intradermal (into the skin), subcutaneous (beneath 
the skin), intramuscular (into the muscle). Antigens administered via the most common route namely, 
subcutaneous generally elicit the strongest immune responses. 

Haptens 

Substances called haptens (means to grasp) fail to induce immune responses in their native form because 
of their low molecular weight and their chemical simplicity. Haptens are antigenic but not immunogenic. These 
compounds become immunogenic when they conjugated to high molecular weight, physiochemically complex 
carriers. Thus a hapten by itself is incapable of inducing an immune response; however when it is conjugated to 
a carrier an immune response is induced. 

Antigen-Antibody interactions 

 Ag-Ab interaction is highly specific and occurs in a similar way like the enzyme substrate complex. The 
binding between Ag-Ab involves weak non-covalent interactions, Van-der Waals forces, electrostatic forces, 
hydrophobic forces. 

The smallest unit of the antigen that is capable of binding with the antibodies is called as the antigenic 
determinant (epitope). The corresponding are on the antibody molecule combining with the epitope is called 
paratope. The number of epitopes on the surface of the antigen is its valence. Valence determines the number 
of antibody molecules that can combine with the antigen at one time. If one epitope is present the antigen is 
monovalent. More than one copy of the same epitope is called polyvalent, seen in most antigens. 

Affinity and Avidity 

The intrinsic association constant that characterizes the non covalent interaction between antigen 
binding sites of an antibody (paratope) with an epitope is termed as affinity. Low affinity antibodies bind 
antigen weakly and tend to dissociate readily, where else high affinity antibodies bind antigen more tightly and 
remain bound longer. 

The term avidity is used to denote the overall binding between antibodies and a multivalent antigen. So 
when complex Ag having multiple repeating epitopes is mixed with Ab having multiple binding sites the 
interaction of such type between multivalent Ag-Ab is called avidity. 

Cross reactivity 
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Although Ag-Ab reaction is very specific sometimes antibody elicited by one antigen can cross react 
with an unrelated antigen. An immunologic reaction in which a particular antibody or T-cell receptor react with 
two or more antigens that possess a common epitope is called a cross reaction. 

Factors affecting Ag-Ab reaction 

The study of Ag-Ab reaction in-vitro is called serology. Serological reactions are the basics for all the 
diagnostic immunology tests. They depend on a number of factors: 

1. Affinity 2. Avidity 3. Antigen: Antibody ratio 4. Physical form of the antigen 

 

 

Adjuvant 

An adjuvant (means to help) is a substance that when mixed with an immunogen and injected with it enhances 
the immune response against the immunogen. Adjuvants are often used to boost the immune response in case of 
weak immunogens or when antigens are available in small amounts. Aluminium potassium sulphate (Alum) is a 
common adjuvant used for human vaccines. 

Antigen processing and presentation 

In order for a foreign protein antigen to be recognized by a T cell, it must be degraded into small antigenic 
peptides that form complexes with class I or class II MHC molecules. This conversion of proteins into MHC-
associated peptide fragments is called antigen processing and presentation. 
Whether a particular antigen will be processed and presented together with class I MHC or class II MHC 
molecules appears to be determined by the route that the antigen takes to enter a cell.  
ENDOCYTIC PATHWAY: 
Exogenous antigen is produced outside of the host cell and enters the cell by endocytosis or phagocytosis. 
Antigen presenting cells (macrophages, dendritic cells, and B cells) degrade ingested exogenous antigen into 
peptide fragments within the endocytic processing pathway.  
Class II MHC molecules are expressed within the endocytic processing pathway and those peptides produced 
by degradation of antigen in this pathway bind to the cleft within the class II MHC molecules. The MHC 
molecules bearing the peptide are then exported to the cell surface. Since expression of class II MHC molecules 
is limited to antigen- presenting cells, presentation of exogenous peptide– class II MHC complexes is limited to 
these cells. T cells displaying CD4+ recognize antigen combined with class II MHC molecules and thus are said 
to be class II MHC restricted. These cells generally function as T helper cells. 
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The processing of an exogenous protein antigen for presentation to a helper T-cell. 
 

CYTOSOLIC PATHWAY: 
Endogenous antigen is produced within the host cell itself. Two common examples are viral proteins 
synthesized within virus-infected host cells and unique proteins synthesized by cancerous cells. Endogenous 
antigens are degraded into peptide fragments that bind to class I MHC molecules within the endoplasmic 
reticulum. The peptide–class I MHC complex is then transported to the cell membrane. Since all nucleated cells 
express class I MHC molecules, all cells producing endogenous antigen use this route to process the antigen. 
T cells displaying CD8+ recognize antigen associated with class I MHC molecules and thus are said to be class I 
MHC restricted. These cytotoxic T cells attack and kill cells displaying the antigen–MHC class I complexes for 
which their receptors are specific.  

 

 

 

 

 

 

 

 

 

 

 

 

The processing of an endogenous protein antigen for presentation to a cytotoxic T-cell. 

ANTIBODIES AND IMMUNOGLOBULINS 
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Antibodies 

 Antibodies are present on the B-cell membrane and secreted by plasma cells. Membrane-bound 
antibody confers antigenic specificity on B cells; antigen-specific proliferation of B-cell clones is 
elicted by the interaction of membrane antibody with antigen.  

 Secreted antibodies circulate in the blood, where they serve as the effectors of humoral immunity by 
searching out and neutralizing antigens or marking them for elimination. 

 Most antigens are complex and contain many different antigenic determinants, and the immune system 
usually responds by producing antibodies to several epitopes on the antigen. 

Basic structure of antibody 

 Blood when separated in a centrifuge gives out fluid and a cellular fraction. The fluid fraction is the 
plasma and the cellular fraction contains red blood cells, leukocytes, and platelets. Plasma contains all 
of the soluble small molecules and macromolecules of blood, including fibrin and other proteins 
required for the formation of blood clots. If the blood or plasma is allowed to clot, the fluid phase that 
remains is called serum.  

 It has been known that antibodies reside in the serum. The first evidence that antibodies were contained 
in particular serum protein fractions came from a classic experiment by A.Tiselius and E. A.Kabat, in 
1939. 

 Antibody molecules have a common structure of four peptide chains. This structure consists of two 
identical light (L) chains, polypeptides of about 25,000 molecular weight, and two identical heavy (H) 
chains, larger polypeptides of molecular weight 50,000 or more.  

 Like the antibody molecules they constitute, H and L chains are also called immunoglobulins. Each light 
chain is bound to a heavy chain by a disulfide bond, and by such non covalent interactions as salt 
linkages, hydrogen bonds, and hydrophobic bonds, to form a heterodimer (H-L).  

 The first 110 or so amino acids of the amino-terminal region of a light or heavy chain vary greatly 
among antibodies of different specificity. These segments of highly variable sequence are called V 
regions: VL in light chains and VH in heavy. 

 Antibodies are glycoproteins; with few exceptions, the sites of attachment for carbohydrates are 
restricted to the constant region. 
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Antibody basic structure 

Deduction of antibody structure 

 When the gamma globulin fraction of serum was separated into high and low molecular weight 
fractions, antibodies of around 150,000-MW, designated as immunoglobulin G (IgG) were found in the 
low molecular weight fraction. 

 Brief digestion of IgG with the enzyme papain produced three fragments, two of which were identical 
fragments and a third that was quite different. 

 The two identical fragments (each with a MW of 45,000), had antigen-binding activity and were called 
Fab fragments (“fragment, antigen binding”). The other fragment (MW of 50,000) had no antigen 
binding activity at all. Because it was found to crystallize during cold storage, it was called the Fc 
fragment (“fragment, crystallizable”). 

 Digestion with pepsin, a different proteolytic enzyme, also demonstrated that the antigen-binding 
properties of an antibody can be separated from the rest of the molecule. 

  Pepsin digestion generated a single 100,000 MW fragment composed of two Fab-like fragments 
designated the F (ab’)2 fragment, which binds antigen. The Fc fragment was not recovered from pepsin 
digestion because it had been digested into multiple fragments. 
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IMMUNOGLOBULINS 

 For heavy-chain sequencing studies, myeloma proteins were reduced with mercaptoethanol and 
alkylated, and the heavy chains were separated by gel filtration in a denaturing solvent. 

 The amino-terminal part of the chain, consisting of 100–110 amino acids, showed great sequence 
variation among myeloma heavy chains and was therefore called the variable (V) region.  

 The remaining part of the protein revealed five basic sequence patterns, corresponding to five different 
heavy-chain constant (C) regions α, µ, γ, ε, δ. Each of these five different heavy chains is called an 
isotype. 

 The heavy chains of a given antibody molecule determine the class of that antibody: IgM(µ), IgG(γ), 
IgA(α), IgD(δ), or IgE(ε). Each class can have either κ or λ light chains. A single antibody molecule has 
two identical heavy chains and two identical light chains, H2L2, or a multiple (H2L2) n of this basic four-
chain structure. 

 

 

 

 

 

 

 

 

 

 

 The γ, δ and α heavy chain contain an extended peptide sequence between the CH1 and a CH2 domain 
that has no homology with the other domains. This region, called the hinge region, is rich in proline 
residues and is flexible, giving IgG, IgD, and IgA segmental flexibility. As a result, the two Fab arms 
can assume various angles to each other when antigen is bound. 

Immunoglobulin G (IgG) 
 IgG, the most abundant class in serum, constitutes about 80% of the total serum immunoglobulin. The 

IgG molecule consists of two γ heavy chains and two κ or two λ light chains. 
 There are four human IgG subclasses, distinguished by differences in γ chain sequence and numbered 

according to their decreasing average serum concentrations: IgG1, IgG2, IgG3, and IgG4 
 Amino acid differences between subclasses of IgG affect the biological activity of the molecule: IgG1, 

IgG3, and IgG4 readily cross the placenta and play an important role in protecting the developing fetus. 
 IgG3 is the most effective complement activator, followed by IgG1; IgG2 is less efficient, and IgG4 is 

not able to activate complement at all. 
 IgG1 and IgG3 bind with high affinity to Fc receptors on phagocytic cells and thus mediate 

opsonization. IgG4 has an intermediate affinity for Fc receptors, and IgG2 has an extremely low affinity. 
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Immunoglobulin M (IgM) 
 IgM accounts for 5%–10% of the total serum immunoglobulin, with an average serum concentration of 

1.5 mg/ml. Monomeric IgM, with a molecular weight of 180,000, is expressed as membrane-bound 
antibody on B cells. IgM is secreted by plasma cells as a pentamer in which five monomer units are held 
together by disulfide bonds. 

 The five monomer subunits are arranged with their Fc regions in the center of the pentamer and the ten 
antigen-binding sites on the periphery of the molecule. Each pentamer contains an additional Fc-linked 
polypeptide called the J (joining) chain, which is disulfide-bonded to the carboxyl-terminal cysteine 
residue of two of the ten µ chains.  

 The J chain appears to be required for polymerization of the monomers to form pentameric IgM; it is 
added just before secretion of the pentamer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 IgM is the first immunoglobulin class produced in a primary response to an antigen, and it is also the 

first immunoglobulin to be synthesized by the neonate. Because of its pentameric structure with 10 
antigen-binding sites, serum IgM has a higher valency than the other isotypes.  

 An IgM molecule can bind 10 small hapten molecules; however, because of steric hindrance, only 5 or 
fewer molecules of larger antigens can be bound simultaneously. 
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 Because of its high valency, pentameric IgM is more efficient than other isotypes in binding antigens 
with many repeating epitopes such as viral particles and red blood cells (RBCs). 

 Because of its large size, IgM does not diffuse well and therefore is found in very low concentrations in 
the intercellular tissue fluids. The presence of the J chain allows IgM to bind to receptors on secretory 
cells, which transport it across epithelial linings to enter the external secretions that bathe mucosal 
surfaces.  

 Although IgA is the major isotype found in these secretions, IgM plays an important accessory role as a 
secretory immunoglobulin.  

Immunoglobulin A (IgA) 
 Although IgA constitutes only 10%–15% of the total immunoglobulin in serum, it is the predominant 

immunoglobulin class in external secretions such as breast milk, saliva, tears, and mucus of the 
bronchial, genitourinary, and digestive tracts.  

 In serum, IgA exists primarily as a monomer, but polymeric forms (dimers, trimers, and some tetramers) 
are sometimes seen, all containing a J-chain polypeptide. The IgA of external secretions, called 
secretory IgA, consists of a dimer or tetramer, a J-chain polypeptide, and a polypeptide chain called 
secretory component.  

 The secretory component is derived from the receptor that is responsible for transporting polymeric IgA 
across cell membranes. The J-chain polypeptide in IgA is identical to that found in pentameric IgM and 
serves a similar function in facilitating the polymerization of both serum IgA and secretory IgA. 

 The secretory component is a 70,000-MW polypeptide produced by epithelial cells of mucous 
membranes. It consists of five immunoglobulin-like domains that bind to the Fc region domains of the 
IgA dimer.  

 This interaction is stabilized by a disulfide bond between the fifth domain of the secretory component 
and one of the chains of the dimeric IgA. The daily production of secretory IgA is greater than that of 
any other immunoglobulin class.  

 IgA-secreting plasma cells are concentrated along mucous membrane surfaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Immunoglobulin E (IgE) 
 The potent biological activity of IgE allowed it to be identified in serum despite its extremely low 

average serum concentration (0.3µg/ml).  
 IgE antibodies mediate the immediate hypersensitivity reactions that are responsible for the symptoms 

of hay fever, asthma, hives, and anaphylactic shock.  
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 The presence of a serum component responsible for allergic reactions was first demonstrated in 1921 by 
K. Prausnitz and H. Kustner, who injected serum from an allergic person intra-dermally into a non 
allergic individual. When the appropriate antigen was later injected at the same site, a wheal and flare 
reaction (analogous to hives) developed there. This reaction, called the P-K reaction (named for its 
originators, Prausnitz and Kustner), was the basis for the first biological assay for IgE activity.  

 IgE binds to Fc receptors on the membranes of blood basophils and tissue mast cells. Cross-linkage of 
receptor bound IgE molecules by antigen (allergen) induces basophils and mast cells to translocate their 
granules to the plasma membrane and release their contents to the extracellular environment, a process 
known as degranulation.  

 As a result, a variety of pharmacologically active mediators are released and give rise to allergic 
manifestations 
 
 
 

 
 
 
 
 
 
 
 
 
 
Immunoglobulin D (IgD) 
 IgD was first discovered when a patient developed a multiple myeloma whose myeloma protein failed to 

react with antiisotype antisera against the then-known isotypes: IgA, IgM, and IgG. 
 When rabbits were immunized with this myeloma protein; the resulting antisera were used to identify 

the same class of antibody at low levels in normal human serum.  
 The new class, called IgD, has a serum concentration of 30µg/ml and constitutes about 0.2% of the total 

immunoglobulin in serum. IgD, together with IgM, is the major membrane bound immunoglobulin 
expressed by mature B cells, and its role in the physiology of B cells is under investigation. No 
biological effector function has been identified for IgD. 
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ANTIGENIC DETERTMINANTS 

 The antigenic determinants, or epitopes, on immunoglobulin molecules fall into three major categories: 
isotypic, allotypic, and idiotypic determinants, which are located in characteristic portions of the 
molecule. 

ISOTYPE 
 Isotypic determinants are constant-region determinants that collectively define each heavy-chain class 

and subclass and each light-chain type and subtype within a species.  
 Each isotype is encoded by a separate constant region gene, and all members of a species carry the same 

constant-region genes (which may include multiple alleles).  
Therefore, when an antibody from one species is injected into another species, the isotypic determinants 
will be recognized as foreign, inducing an antibody response to the isotypic determinants on the foreign 
antibody. 

ALLOTYPE 
 Although all members of a species inherit the same set of isotype genes, multiple alleles exist for some 

of the genes. These alleles encode subtle amino acid differences, called allotypic determinants that occur 
in some, but not all, members of a species. The sum of the individual allotypic determinants displayed 
by an antibody determines its allotype. 

 Antibody to allotypic determinants can be produced by injecting antibodies from one member of a 
species into another member of the same species who carries different allotypic determinants. Antibody 
to allotypic determinants sometimes is produced by a mother during pregnancy in response to paternal 
allotypic determinants on the fetal immunoglobulins. Antibodies to allotypic determinants can also arise 
from a blood transfusion. 

IDIOTYPE 
 The idiotypic determinants arise from the sequence of the heavy- and light-chain variable regions. Each 

individual antigenic determinant of the variable region is referred to as an idiotope 
 In some cases an idiotope may be the actual antigen-binding site, and in some cases an idiotope may 

comprise variable-region sequences outside of the antigen binding site. Each antibody will present 
multiple idiotopes;the sum of the individual idiotopes is called the idiotype of the antibody. 

 Often a homogeneous antibody such as myeloma protein or monoclonal antibody is used. Injection of 
such an antibody into a recipient who is genetically identical to the donor will result in the formation of 
anti-idiotype antibody to the idiotypic determinants. 
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HYPERSENSITIVITY 

 An immune response mobilizes a battery of effector molecules that act to remove antigen by various 
mechanisms. Generally these effector molecules induce a localized inflammatory response that 
eliminates antigen without extensively damaging the host’s tissue. 

 Under certain circumstances, however, this inflammatory response can have deleterious effects, 
resulting in significant tissue damage or even death. This inappropriate immune response is termed 
hypersensitivity or allergy. 

 Anaphylactic reactions within the humoral branch initiated by antibody or antigen-antibody complexes 
is called immediate hypersensitivity, because the symptoms are manifest within minutes or hours after 
a sensitized recipient encounters antigen.  

 Delayed-type hypersensitivity (DTH) is so named in recognition of the delay of symptoms until days 
after exposure. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The four types of hypersensitive responses. 

SEROLOGY 
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 Serology is the scientific study of serum and other bodily fluids. In practice the term usually refers to the 
diagnostic identification of antibodies in the serum. Such antibodies are typically formed in response to 
an infection (against a given microorganism), against other foreign proteins (mismatched blood 
transfusion) or to one’s own proteins (autoimmune diseases). 

 Serological tests may be performed for diagnostic purpose when an infection is suspected, and in many 
other situations such as checking individual’s blood type. Serological blood tests help to diagnose 
patients with certain immune deficiencies associated with the lack of antibodies. 

 There are several serological techniques that can be used depending on the antibodies being studied. 
These include; ELISA, agglutination, precipitation, complement fixation and fluorescent antibodies.  
Some serological tests are not limited to blood serum, but can also be performed on other body fluids 
such as semen and saliva, which have (roughly) similar properties to serum. Serological tests may also 
be used in forensic serology, specifically for a piece of evidence. 


