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Introduction 

Immunology :- is a broad branch of biomedical science that covers the study of all aspects of the 

immune system in all organisms. It deals with, among other things, the physiological functioning of the 

immune system in states of both health and disease; malfunctions of the immune system in 

immunological disorders (autoimmune diseases, hypersensitivities, immune deficiency, transplant 

rejection). 

Immunity:- is a biological term that describes a state of having sufficient biological defenses to avoid 

infection, disease, or other unwanted biological invasion. 

Immune system :- is a system of biological structures and processes within an organism that protects 

against disease by identifying and killing pathogens and tumor cells.  

Immunity and the Immune Response 

Immune responses can be innate (non-adaptive) or adaptive (acquired). 

Innate Immunity  

Innate immunity is resistance that is pre-existing and is not acquired through contact with a non-self 

(foreign) entity known as an antigen. It is nonspecific and includes barriers to infectious agents—eg, 

skin and mucous membranes, phagocytic cells, inflammatory mediators, and complement components. 

It may vary with age and with hormonal or metabolic activity. 

The major functions of the vertebrate innate immune system include: 

 Recruiting immune cells to sites of infection, through the production of chemical factors, 

including specialized chemical mediators, called cytokines 

 Activation of the complement cascade to identify bacteria, activate cells and to promote 

clearance of antibody complexes or dead cells 

 The identification and removal of foreign substances present in organs, tissues, the blood and 

lymph, by specialized white blood cells 

 Activation of the adaptive immune system through a process known as antigen presentation 

 Acting as a physical and chemical barrier to infectious agents. 
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Adaptive Immunity 

Adaptive immunity, which occurs after exposure to an antigen (eg, an infectious agent) is specific and is 

mediated by either antibody or lymphoid cells. It can be passive or active. 

The major functions of the adaptive  immune system include: 

 The recognition of specific "non-self" antigens in the presence of "self", during the process of 

antigen presentation. 

 The generation of responses that are tailored to maximally eliminate specific pathogens or 

pathogen-infected cells. 

 The development of immunological memory, in which each pathogen is "remembered" by a 

signature antibodies or T cell receptors, this is also known as the "anamnestic response". These 

memory cells can be called upon to quickly eliminate a pathogen should subsequent infections 

occur.  

Active Immunity 

Active immunity is induced after contact with foreign antigens (eg, microorganisms or their products). 

This contact may consist of clinical or subclinical infection, immunization with live or killed infectious 

agents or their antigens, exposure to microbial products (eg, toxins, toxoids), or transplantation of 

foreign cells. In all these instances the host actively produces antibodies, and lymphoid cells acquire the 

ability to respond to the antigens. Advantages of active immunity include long-term resistance (based on 

memory of prior contact with antigen and the capacity to respond faster and to a greater extent on 

subsequent contact with the same antigen); disadvantages include the slow onset of resistance and the 

need for prolonged or repeated contact with the antigen. 

Passive Immunity 

Passive immunity is transmitted by antibodies or lymphocytes preformed in another host. The passive 

administration of antibody (in antisera) against certain viruses (eg, hepatitis B) can be useful during the 

incubation period to limit viral multiplication, eg, after a needle stick injury to someone who has not 

been vaccinated. The main advantage of passive immunization with preformed antibodies is the prompt 

availability of large amounts of antibody; disadvantages are the short life span of these antibodies and 
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possible hypersensitivity reactions if antibodies (immunoglobulins) from another species are 

administered. 

Mechanisms of Innate Immunity 

A-Physical barriers to entry of microbes 
 

Before a microbe or parasite can invade the host and cause infection, it must first attach to and penetrate 

the surface epithelial layers of the body. Organisms gain entrance into the body by active or passive 

means. For example, they might burrow through the skin, or be ingested in food, inhaled into the 

respiratory tract or penetrate through an open wound. In practice, most microbes take advantage of the 

fact that we have to breathe and eat, and therefore enter the body through the respiratory and 

gastrointestinal tracts. Whatever their point of entry, they have to pass across physical barriers such as 

the dead layers of the skin or living epithelial cell layers which line the cavities in contact with the 

exterior such as the respiratory, genitourinary or gastrointestinal tracts. In fact, the main entry of 

microbes into the body is via these tracts. Many of the cells at the interface with the outside world are 

mucosal epithelial cells which secrete mucus. In addition to providing a physical barrier, these 

cells have other properties useful in minimizing infection. For example, epithelial cells of the nasal 

passages and bronchi of the respiratory system have cilia (small hair-like structures) that beat in an 

upward direction to help remove microorganisms that enter during breathing. 

B-Secretions 

A variety of secretions at epithelial surfaces are important in defense as they help to create a hostile 

environment for microbial habitation. Some substances are known to directly kill microbes, e.g. 

lysozyme digests proteoglycans in bacterial cell walls; others compete for nutrients (e.g. transferrin, Fe), 

and others interfere with ion transport (e.g. NaCl). Mucus (containing mucin) secreted by the mucosal 

epithelial cells coats their surfaces and makes it difficult for microbes to contact and bind to these cells – 

a prerequisite for entry into the body. The washing action of tears, saliva and urine also helps to prevent 

attachment of microbes to the epithelial surfaces. In addition, IgA antibodies in tears and saliva prevent 

the attachment of microbes. These antibodies are also secreted across epithelial cells in the respiratory, 

gastrointestinal and genitourinary tracts.Gastrointestinal, respiratory epithelia and phagocytes 

throughout the body are also known to produce a number of small peptides which have potent 

antibacterial properties (peptide antibiotics). These peptides have molecular weights of 3–5 kDa and 

include cecropins, magainins and defensins. They are part of the body’s innate defense mechanisms and 

are highly conserved throughout species, probably representing one of the most primitive defense 

mechanisms against microbes. Although their mechanisms of action are different, these peptides are 
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effective against both Gram-positive and Gram-negative bacteria. Whereas cecropins and magainins 

cause lysis, others interfere with ion transport. Secretion of these peptides is up regulated as a result of 

bacterial infection. 

Table 1: Secretions at epithelial surfaces 

Site Source Specific substances secreted 

 

Eyes Lacrimal glands (tears ) Lysozyme, IgA and IgG 

Ears Sebaceous glands Oily, waxy secretion, fatty acids 

 

Mouth Salivary glands (saliva) Digestive enzymes, lysozyme, 

IgA, IgG, lactoferrin 

Skin Sweat glands (sweat) 

Sebaceous glands 

Lysozyme, high NaCl, short 

chain fatty acids 

Oily secretion and fatty acids 

(sebum) 

 

 

Stomach Gastric juices Digestive enzymes (pepsin, 

rennin), acid (low pH, 

1–2) 

 

 

C-Microbial products and competition 
 

Normal commensals (nonpathogenic bacteria) are also important in protection from infection. These 

nonpathogenic microorganisms are found on the skin, in the mouth and in the reproductive and 

gastrointestinal tract. The gastrointestinal tract contains many billions of bacteria that have a symbiotic 

relationship with the host. These bacteria help to prevent pathogens from colonizing the site,by 

preventing attachment, by competing for essential nutrients and by releasing antibacterial substances 

such as colicins (antibacterial proteins) and short-chain fatty acids. Gut flora also perform such house-

keeping duties as further degrading waste matter and helping gut motility. Normal microbial flora 

occupying the site of entry (e.g. throat and nasal passages) of other microbes probably function in a 

similar manner. Some bacteria such as lactobacilli, which inhabit the vagina, cause their environment to 

become acidic (pH 4.0–4.5) which probably discourages the growth of many microbes. 
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Table 2:    Characteristics of innate and adaptive immunity 

Characteristics  Cells  Molecules 

Innate immunity 

Responds rapidly 

Has some specificity 

No memory 

Phagocytes (PMNs and 

macrophages) Natural killer 

cells  

Mast cells 

 Dendritic cells 

Cytokines 

Complement 

Acute phase proteins 

 

Adaptive immunity 

Slow to start 

Highly specific  

Memory 

T and B cells Antibodies 

Cytokines 

 

Cells of the innate immune response 

All white blood cells (WBC) are known as leukocytes. Leukocytes are able to move freely and interact 

with and capture cellular debris, foreign particles, or invading microorganisms. The innate leukocytes 

include: Natural killer cells, mast cells, eosinophils, basophils; and the phagocytic cells including 

macrophages, neutrophils, and dendritic cells, and function within the immune system by identifying 

and eliminating pathogens that might cause infection.  

Mast cells :  Mast cells are a type of innate immune cell that reside in connective tissue and in the 

mucous membranes. They are intimately associated with wound healing and defense against pathogens, 

but are also often associated with allergy and anaphylaxis. When activated, mast cells rapidly release 

characteristic granules, rich in histamine and heparin, along with various hormonal mediators, and 

chemokines, or chemotactic cytokines into the environment. Histamine dilates blood vessels, causing the 

characteristic signs of inflammation, and recruits neutrophils and macrophages.  

Phagocytes :  The word 'phagocyte' literally means 'eating cell'. These are immune cells that engulf, i.e. 

phagocytose, pathogens or particles. To engulf a particle or pathogen, a phagocyte extends portions of 

its plasma membrane, wrapping the membrane around the particle until it is enveloped (i.e., the particle 

is now inside the cell). Once inside the cell, the invading pathogen is contained inside an endosome, 
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which merges with a lysosome. The lysosome contains enzymes and acids that kill and digest the 

particle or organism. In general, phagocytes patrol the body searching for pathogens, but are also able to 

react to a group of highly specialized molecular signals produced by other cells, called cytokines. The 

phagocytic cells of the immune system include macrophages, neutrophils, and dendritic cells. By 

helping to remove dead cells preceding growth and development of new healthy cells, phagocytosis is an 

important part of the healing process following tissue injury. 

Macrophages :  Macrophages, from the Greek, meaning "large eaters," are large phagocytic leukocytes, 

which are able to move outside of the vascular system by moving across the walls of capillary vessels 

and entering the areas between cells in pursuit of invading pathogens. In tissues, organ-specific 

macrophages are differentiated from phagocytic cells present in the blood called monocytes. 

Macrophages are the most efficient phagocytes, and can phagocytose substantial numbers of bacteria or 

other cells or microbes. The binding of bacterial molecules to receptors on the surface of a macrophage 

triggers it to engulf and destroy the bacteria through the generation of a “respiratory burst”, causing the 

release of reactive oxygen species. Pathogens also stimulate the macrophage to produce chemokines, 

which summons other cells to the site of infection. 

Neutrophils : Neutrophils, along with two other cell types; eosinophils and basophils , are known as 

granulocytes due to the presence of granules in their cytoplasm, or as polymorphonuclear cells (PMNs) 

due to their distinctive lobed nuclei. Neutrophil granules contain a variety of toxic substances that kill or 

inhibit growth of bacteria and fungi. Similar to macrophages, neutrophils attack pathogens by activating 

a respiratory burst. The main products of the neutrophil respiratory burst are strong oxidizing agents 

including hydrogen peroxide, free oxygen radicals and hypochlorite. Neutrophils are the most abundant 

type of phagocyte, normally representing 50 to 60% of the total circulating leukocytes, and are usually 

the first cells to arrive at the site of an infection. The bone marrow of a normal healthy adult produces 

more than 100 billion neutrophils per day, and more than 10 times that many per day during acute 

inflammation.  

Dendritic cells : Dendritic cells (DC) are phagocytic cells present in tissues that are in contact with the 

external environment, mainly the skin (where they are often called Langerhans cells), and the inner 

mucosal lining of the nose, lungs, stomach, and intestines. They are named for their resemblance to 

neuronal dendrites, but dendritic cells are not connected to the nervous system. Dendritic cells are very 

important in the process of antigen presentation, and serve as a link between the innate and adaptive 

immune systems. 
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Basophils and eosinophils : Basophils and eosinophils are cells related to the neutrophil . When 

activated by a pathogen encounter, basophils releasing histamine are important in defense against 

parasites, and play a role in allergic reactions (such as asthma). Upon activation, eosinophils secrete a 

range of highly toxic proteins and free radicals that are highly effective in killing bacteria and parasites, 

but are also responsible for tissue damage occurring during allergic reactions. Activation and toxin 

release by eosinophils is, therefore, tightly regulated to prevent any inappropriate tissue destruction.  

Natural killer cells : Natural killer cells, or NK cells, are a component of the innate immune system that 

does not directly attack invading microbes. Rather, NK cells destroy compromised host cells, such as 

tumor cells or virus-infected cells, recognizing such cells by a condition known as "missing self." This 

term describes cells with low levels of a cell-surface marker called MHC I (major histocompatibility 

complex) - a situation that can arise in viral infections of host cells. They were named "natural killer" 

because of the initial notion that they do not require activation in order to kill cells that are "missing 

self." For many years, it was unclear how NK cell recognize tumor cells and infected cells.  

Phagocytosis 

In the immune system, phagocytosis is a major mechanism used to remove pathogens and cell debris. 

For example, when a macrophage ingests a pathogenic microorganism, the pathogen becomes trapped in 

a phagosome which then fuses with a lysosome to form a phagolysosome. Within the phagolysosome, 

enzymes and toxic peroxides digest the pathogen. Bacteria, dead tissue cells, and small mineral particles 

are all examples of objects that may be phagocytized. 

Several types of cells in the immune system engulf microorganisms via Phagocytosis. 

 Neutrophils : Neutrophils are abundant in the blood, quickly enter tissues, and phagocytize 

pathogens in acute inflammation.  

 Macrophages:  Macrophages are closely related to monocytes in the blood. These longer-lived 

cells predominate in chronic inflammation. They also release some important inflammatory 

mediators.   

 Dendritic Cells : Phagocytosis in these cells is important for the elaboration of a specific 

immune response rather than for directly destroying the pathogens.  

 B Lymphocytes : A small amount of phagocytosis in these cells is often necessary in order for 

them to develop into cells that release antibodies.  
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Mechanism of  phagocytosis : process by which phagocytes (macrophages and polymorphonuclear 

leukocytes, aka PMNs) engulf and destroy microbes. These include: 

1- Adhesion (attachment) - phagocyte and pathogen bind to each other.  

2-  Ingestion (engulfment) - pseudopodia surround the pathogen, then fuse to form a vacuole called 

a phagosome.  

3-  killing and digestion - inside phagolysosomes, which are formed by fusion of lysosomes with 

phagosomes:  a-Hydrogen peroxide and related compounds kill microbes. b-Enzymes (proteases, 

polysaccharidases, lipases, nucleases) digest microbes. 

4-  Egesting - release of non-digestible material by a process that is essentially the reverse of 

ingestion. 
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Microbial Evasion of Phagocytosis  : 1.  Some microbes are not killed by phagocytes and can even 

reproduce in phagocytes.   2.    Evasion mechanisms include M protein, capsules, leukocidins, 

membrane attack complexes, and prevention of phagolysosome formation. 

 

Inflammation :  "early-warning" system  

1.     Inflammation is a bodily response to cell damage; it is characterized by redness, pain, heat, 

swelling and sometimes the loss of function.   2.   Functions:  a.   To destroy and remove pathogens and 

debris. b.   To confine pathogens; prevent spread of infection. c. To repair or replace damaged tissue 

(sets stage for wound repair). 

Inflammation is one of the first responses of the immune system to infection or irritation. Inflammation 

is stimulated by chemical factors released by injured cells and serves to establish a physical barrier 

against the spread of infection, and to promote healing of any damaged tissue following the clearance of 

pathogens.  The process of acute inflammation is initiated by cells already present in all tissues, mainly 

resident macrophages, dendritic cells, histiocytes, Kupffer cells, and mastocytes (mast cell). These cells 

present receptors, contained on the surface or within the cell, named pattern recognition receptors 

(PRRs), which recognize molecules that are broadly shared by pathogens but distinguishable from host 

molecules, collectively referred to as pathogen-associated molecular patterns (PAMPs). At the onset of 

an infection, burn, or other injuries, these cells undergo activation (one of their PRR recognize a PAMP) 

and release inflammatory mediators responsible for the clinical signs of inflammation. Chemical factors 

produced during inflammation (histamine, bradykinin, serotonin, leukotrienes, and prostaglandins) 

sensitize pain receptors, cause vasodilation of the blood vessels at the scene, and attract phagocytes, 

especially neutrophils. Neutrophils then trigger other parts of the immune system by releasing factors 

that summon other leukocytes and lymphocytes. Cytokines produced by macrophages and other cells of 

the innate immune system mediate the inflammatory response. These cytokines include TNF, IL-6 and 

IL-1 . 

 Table 3 : Comparison between acute and chronic inflammation 

 
Acute Chronic 

Causative agent Bacterial pathogens, injured tissues 
Persistent acute inflammation due 

to non-degradable pathogens, viral 
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infection, persistent foreign bodies, 

or autoimmune reactions 

Major cells involved 

neutrophils (primarily), basophils 

(inflammatory response), and eosinophils 

(response to helminthes worms and 

parasites), mononuclear cells (monocytes, 

macrophages) 

Mononuclear cells (monocytes, 

macrophages, lymphocytes, plasma 

cells), fibroblasts 

Primary mediators Vasoactive amines, eicosanoids 

IFN-γ and other cytokines, growth 

factors, reactive oxygen species, 

hydrolytic enzymes 

Onset Immediate Delayed 

Duration Few days Up to many months, or years 

Outcomes 
Resolution, abscess formation, chronic 

inflammation 

Tissue destruction, fibrosis, 

necrosis 

The inflammatory response is characterized by the following symptoms: Redness , heat , swelling 

,pain , possible dysfunction of the organs or tissues involved. 
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Lymphoid organs  

Organs: The immune system includes several organs in addition to cells dispersed throughout the body. 

These organs are classified as primary or secondary lymphoid organs. 

The primary lymphoid organs are the sites where white blood cells are produced:  

 The bone marrow produces all the different types of white blood cells, including neutrophils, 

eosinophils, basophils, monocytes, B cells, and the cells that develop into (precursors) T cells. 

   In the thymus, T cells are produced and trained to recognize foreign antigens and to ignore 

the body's own antigens. (T cells are critical for specific immunity.) 

The secondary lymphoid organs include :- the spleen, lymph nodes, tonsils, appendix, and Peyer's 

patches in the small intestine. These organs trap microorganisms and other foreign substances and 
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provide a place for mature cells of the immune system to collect, interact with each other and with the 

foreign substances, and generate a specific immune response. The lymph nodes are strategically 

placed in the body and are connected by an extensive network of lymphatic vessels, which act as the 

immune system's circulatory system. The lymphatic system transports microorganisms, other foreign 

substances, cancer cells, and dead or damaged cells from the tissues to the lymph nodes (which filter 

out and destroy these substances and cells), and then to the bloodstream. 

Table 4 :  Organs and tissues of the immune response 

 Primary lymphoid 

organs 

Secondary lymphoid organs 

Component Bone marrow, fetal 

liver, thymus 

Spleen, lymph nodes, and mucosa-associated 

lymphoid tissue (MALT) including tonsils, adenoids, 

respiratory, genitourinary, and gastrointestinal tracts 

Proliferation 

and 

differentiation 

Antigen-independent Antigen-dependent 

Product Immunocompetent 

cells (B cells and T 

cells) 

Effector cells (antibody-secreting plasma cells for 

humoral immune response and T helper and T cytotoxic 

cells for cell-mediated immune response) 

Event Development and 

maturation of B and T 

cells 

Induction of immune response: encounter of antigens 

and antigen-presenting cells (APC) with mature B and T 

cells, generation of effector cells, and memory cells 

Table 5    Cells of adaptive immunity 

 B cells T cells 

Origin Bone marrow Bone marrow 

Site of maturation Bone marrow 

 

Thymus 

Antigen receptor B cell receptor (BCR) 

 

T cell receptor (TCR) 
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Target of binding Soluble antigens Biomolecular complex displayed at the surface of 

APC 

Branch of 

immune 

response 

Antibody-mediated 

immune response 

Cell-mediated and antibody-mediated immune 

response 

 

Complement system 

The complement system is a biochemical cascade of the immune system that helps, or “complements”, 

the ability of antibodies to clear pathogens or mark them for destruction by other cells. The cascade is 

composed of many plasma proteins, synthesized in the liver, primarily by hepatocytes. The proteins 

work together to: 

 trigger the recruitment of inflammatory cells 

 "tag" pathogens for destruction by other cells by opsonizing, or coating, the surface of the 

pathogen 

 form holes in the plasma membrane of the pathogen, resulting in cytolysis of the pathogen cell, 

causing the death of the pathogen 

 Rid the body of neutralized antigen-antibody complexes. 

The complement system consists of a number of small proteins found in the blood, in general 

synthesized by the liver, and normally circulating as inactive precursors (pro-proteins). When stimulated 

by one of several triggers, proteases in the system cleave specific proteins to release cytokines and 

initiate an amplifying cascade of further cleavages. The end-result of this activation cascade is massive 

amplification of the response and activation of the cell-killing membrane attack complex. Over 30 

proteins and protein fragments make up the complement system, including serum proteins, serosal 

proteinsبروتينات موجودة في مصول سوائل اخرى , and cell membrane receptors. They account for about 5% of 

the globulin fraction of blood serum and can serve as opsonins. Three biochemical pathways activate the 

complement system: the classical complement pathway, the alternative complement pathway, and the 

lectin pathway. 

http://en.wikipedia.org/wiki/Complement_system
http://en.wikipedia.org/wiki/Biochemical_cascade
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Hepatocytes
http://en.wikipedia.org/wiki/Opsonin
http://en.wikipedia.org/wiki/Cytolysis


 ةايحلا مولع مسق – ةثلاثال ةلحرملا | ةعانلما

 م. د. محمد عبد الدايم / كلية العلوم / جامعة ديالىأ. 

 

 14 

 

 

 

Table  6 :-  Three pathways of complement system activation 

 Classical pathway Alternative 

pathway 

Lectin pathway 

Activated by Binding of antibody molecules 

(specifically IgM and IgG1, 

IgG2, IgG3) to a foreign particle 

Invading 

microorganisms 

Binding of MBP to the 

mannose groups of 

carbohydrates on 

microorganisms 
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Activation 

mechanism 

Antibody-dependent Antibody-

independent 

Antibody-independent 

Limb of immunity Adaptive immune 

response 

Innate immune 

response 

Innate immune response 

Components C1 (C1q, C1r, C1s) to C9 

 

Factors B, D, P, 

H, I 

C1 (C1r, C1s) to C9 

Components that 

initiate enzyme 

cascade 

C1 (q, r, s), C4, C2 C3, B, D Lectin, MASP1, MASP2, C4, 

C2 

C3 convertase C4bC2a, C2b C3bBb C2b, C4bC2a 

C5 convertase C4bC2aC3b C3bBbC3b C4bC2aC3b 

Terminal 

components 

C5-C9, MAC  C5-C9, MAC  C5-C9, MAC ( 

 

Fever remains the most poorly understood of the acute inflammatory responses. Agents producing 

fever, or pyrogens (is a fever inducing substance), are released from leukocytes in response to specific 

stimuli, including bacterial endotoxin. Pyrogens exert their actions through the temperature-regulating 

mechanism of the hypothalamus. A number of soluble proinflammatory mediators have been implicated 

in this process, including interleukin (IL)-1, tumor necrosis factor a (TNF-a), and prostaglandins. The 

beneficial role of fever with regard to the acute inflammatory response remains a mystery.   Fever is an 
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abnormally high body temperature produced in response to a bacterial or viral infection. Bacterial 

endotoxins and interleukin-1 can induce fever. A chill indicates a rising body temperature; crisis 

(sweating) indicates that the body’s temperature is falling. 

  

Antibody 

An antibody (Ab), also known as an immunoglobulin (Ig), is a large Y-shape protein produced by 

plasma cells that is used by the immune system to identify and neutralize foreign objects such as 

bacteria and viruses. The antibody recognizes a unique part of the foreign target, called an antigen. Each 

tip of the "Y" of an antibody contains a paratope (is the part of an antibody which recognizes an 

antigen, the antigen-binding site of an antibody) that is specific for one particular epitope (also known as 

antigenic determinant, is the part of an antigen that is recognized by the immune system, specifically 

by antibodies, B cells, or T cells.) on an antigen, allowing these two structures to bind together with 

precision. Using this binding mechanism, an antibody can tag a microbe or an infected cell for attack by 

other parts of the immune system, or can neutralize its target directly (for example, by blocking a part of 

http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Plasma_cell
http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/Bacterium
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Antigen
http://en.wikipedia.org/wiki/Paratope
http://en.wikipedia.org/wiki/Antibody
http://en.wikipedia.org/wiki/Antigen
http://en.wikipedia.org/wiki/Epitope
http://en.wikipedia.org/wiki/Antigen
http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/Antibody
http://en.wikipedia.org/wiki/B_cell
http://en.wikipedia.org/wiki/T_cell
http://en.wikipedia.org/wiki/Microbe
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a microbe that is essential for its invasion and survival). The production of antibodies is the main 

function of the humoral immune system. 

 

 

Functional diversity :  Different microbes have different biological properties and can enter the body 

through different routes (the skin, the gastrointestinal tract, the respiratory tract or the genitourinary 

tract). It is likely that the five different antibody classes (IgM, IgD, IgG, IgE and IgA) and their 

subclasses have evolved at least  partly to facilitate protection against microbes entering at the different 

sites and with different properties. There is some overlap in their function and in where they are 

produced, but generally there is a division of labor among the different antibody classes, e.g. IgA is the 

most common antibody in mucosal secretions while IgM is mainly found in the plasma, and both are 

most effective at those locations. 

 

http://en.wikipedia.org/wiki/Humoral_immune_system
javascript:showrefcontent(%22refimage_zoomlayer%22);
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ANTIBODY FUNCTIONS 
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Affinity and Avidity 

 Affinity - Antibody affinity is the strength of the reaction between a single antigenic determinant and a 

single combining site on the antibody. It is the sum of the attractive and repulsive forces operating 

between the antigenic determinant and the combining site of the antibody. 

Avidity - Avidity is a measure of the overall strength of binding of an antigen with many antigenic 

determinants and multivalent antibodies. Affinity refers to the strength of binding between a single 

antigenic determinant and an individual antibody combining site whereas avidity refers to the overall 

strength of binding between multivalent Ag's and Ab's. Avidity is influenced by both the valence of the 

antibody and the valence of the antigen. 

Specificity - Specificity refers to the ability of an individual antibody combining site to react with only 

one antigenic determinant or the ability of a population of antibody molecules to react with only one 

antigen 
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Antigen:  

A. Immunogen :  A substance that induces a 

specific immune response. 

B. Antigen (Ag) : A substance that reacts with the 

products of a specific immune response. 

 

C. Hapten :  Haptens are small molecules which 

could never induce an immune response when 

administered by themselves but which can when 

coupled to a carrier molecule.  

D. Epitope or Antigenic Determinant : That 

portion of an antigen that combines with the 

products of a specific immune response. 

 Factors influencing immunogenicity A- ( Contribution of the Immunogen) :   

1. Foreignness :  The immune system normally discriminates between self and non-self such that only 

foreign molecules are immunogenic. 

2. Size : The most potent immunogens are usually large proteins. Generally, molecules with a molecular 

weight less than 10,000 are weakly immunogenic. 

3. Chemical Composition : In general, the more complex the substance is chemically the more 

immunogenic it will be.  

4. Physical form : In general particulate antigens are more immunogenic than soluble ones and 

denatured antigens more immunogenic than the native form. 

5. Degradability : Antigens that are easily phagocytosed are generally more immunogenic.  

B. Contribution of the Biological System 

1. Genetic Factors :  Some  substances are immunogenic in one individual but not in others. The 

individuals may lack or have altered genes that code for the receptors for antigen on B cells and T cells. 

2. Age : Age can also influence immunogenicity. Usually the very young and the very old have a 

diminished ability to mount and immune response in response to an immunogen. 

C. Method of Administration  
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1. Dose :  The dose of administration of an immunogen can influence its immunogenicity. There is a 

dose of antigen above or below which the immune response will not be optimal. 

2. Route : Generally the subcutaneous route is better than the intravenous or intragastric routes. The 

route of antigen administration can also alter the nature of the response. 

3. Adjuvants :  Substances that can enhance the immune response to an immunogen are called 

adjuvants. The use of adjuvants, however, is often hampered by undesirable side effects such as fever 

and inflammation. 

Chemical nature of immunogens : 

A. Proteins : The vast majority of immunogens are proteins. These may be pure proteins or they may be 

glycoproteins or lipoproteins. In general, proteins are usually very good immunogens. 

B. Polysaccharides : Pure polysaccharides and lipopolysaccharides are good immunogens. 

C. Nucleic Acids : Nucleic acids are usually poorly immunogenic. However, they may become 

immunogenic when single stranded or when complexed with proteins. 

D. Lipids : In general lipids are non-immunogenic, although they may be haptens. 

Types of antigens :  

Properties  T cell-dependent antigens T cell-independent antigens 

Activation of B cells Can only activate B cells in the 

presence of Th cells 

Can activate B cells in the absence of 

Th cells 

Structural properties Complex Simple 

Presence in most 

pathogenic microbes 

Yes No 

Antibody class-induced IgG, IgM, IgA, IgD, IgE IgM 

Immunological 

memory response 

Yes No 
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Examples Microbial proteins, non-self or 

alter-self proteins 

Pneumococcal 

polysaccharide, 

lipopolysaccharide, 

flagella 

Antigenic determinants  

Antigenic determinants 

Recognized by T cells 

Antigenic determinants 

Recognized by B cells and Ab 

 

Proteins 

 

Proteins, polysaccharides, 

nucleic acid 

Composition 

Linear determinants 

Linear/conformational 

determinants 

 

Configuration/ determinants 

8–15 residues 

4–8 residues 

 

Size 

 

Limited to those that can bind 

to MHC 

Limited, located on the external 

surface of the antigen 

Number 

 

Super antigens :  

When the immune system encounters a conventional T-dependent antigen, only a small fraction of the T 

cell population is able to recognize the antigen and become activated (monoclonal/oligoclonal response). 

However, there are some antigens which polyclonally activate a large fraction of the T cells (up to 25%). 

These antigens are called superantigens. Examples of superantigens include: Staphylococcal 

enterotoxins (food poisoning), Staphylococcal toxic shock toxin (toxic shock syndrome) and 

Streptococcal pyrogenic exotoxins (shock). 
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Origin of antigens 

Exogenous antigens : Exogenous antigens are antigens that have entered the body from the outside, for 

example by inhalation, ingestion, or injection. The immune system's response to exogenous antigens is 

often subclinical. By endocytosis or phagocytosis, exogenous antigens are taken into the antigen-

presenting cells (APCs) and processed into fragments. APCs then present the fragments to T helper cells 

(CD4+) by the use of class II histocompatibility molecules on their surface.  

Endogenous antigens : Endogenous antigens are antigens that have been generated within previously 

normal cells as a result of normal cell metabolism, or because of viral or intracellular bacterial infection. 

The fragments are then presented on the cell surface in the complex with MHC class I molecules. If 

activated cytotoxic CD8+ T cells recognize them, the T cells begin to secrete various toxins that cause 

the lysis or apoptosis of the infected cell.  

Autoantigens : An autoantigen is usually a normal protein or complex of proteins (and sometimes DNA 

or RNA) that is recognized by the immune system of patients suffering from a specific autoimmune 

disease. These antigens should, under normal conditions, not be the target of the immune system, but, 

due to mainly genetic and environmental factors, the normal immunological tolerance for such an 

antigen has been lost in these patients. 

Tumor antigens: Tumor antigens or neo-antigens are those antigens that are presented by MHC I or 

MHC II molecules on the surface of tumor cells. These antigens can sometimes be presented by tumor 

cells and never by the normal ones. In this case, they are called tumor-specific antigens (TSAs) and, in 

general, result from a tumor-specific mutation. More common are antigens that are presented by tumor 

cells and normal cells, and they are called tumor-associated antigens (TAAs).  

B Cells and T Cells 

Lymphocytes are one of the five kinds of white blood cells or leukocytes, circulating in the blood. The 

most abundant lymphocytes are:  

 B lymphocytes (often simply called B cells) and  

 T lymphocytes (likewise called T cells). 

B cells are produced in the bone marrow. The precursors of T cells are also produced in the bone 

marrow but leave the bone marrow and mature in the thymus (which accounts for their designation).  

http://en.wikipedia.org/wiki/Inhalation
http://en.wikipedia.org/wiki/Ingestion
http://en.wikipedia.org/wiki/Injection_(medicine)
http://en.wikipedia.org/wiki/Endocytosis
http://en.wikipedia.org/wiki/Phagocytosis
http://en.wikipedia.org/wiki/Antigen-presenting_cell
http://en.wikipedia.org/wiki/Antigen-presenting_cell
http://en.wikipedia.org/wiki/T_helper_cells
http://en.wikipedia.org/wiki/CD4
http://en.wikipedia.org/wiki/MHC_class_II
http://en.wikipedia.org/wiki/Metabolism
http://en.wikipedia.org/wiki/Infection
http://en.wikipedia.org/wiki/MHC_class_I
http://en.wikipedia.org/wiki/Cytotoxic_T_cell
http://en.wikipedia.org/wiki/Toxin
http://en.wikipedia.org/wiki/Lysis
http://en.wikipedia.org/wiki/Apoptosis
http://en.wikipedia.org/wiki/Autoantigen
http://en.wikipedia.org/wiki/Autoimmune_disease
http://en.wikipedia.org/wiki/Autoimmune_disease
http://en.wikipedia.org/wiki/Immunological_tolerance
http://en.wikipedia.org/wiki/Tumor_antigen
http://en.wikipedia.org/wiki/MHC_I
http://en.wikipedia.org/wiki/MHC_II
http://en.wikipedia.org/wiki/Tumor_cell
http://en.wikipedia.org/wiki/Tumor-specific_antigen
http://en.wikipedia.org/wiki/Tumor-associated_antigen
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Each B cell and T cell is specific for a particular antigen. What this means is that each is able to bind to 

a particular molecular structure.  

The specificity of binding resides in a receptor for antigen:  

 the B cell receptor (BCR) for antigen and  

 the T cell receptor (TCR) respectively. 

Both BCRs and TCRs share these properties:  

 They are integral membrane proteins.  

 They are present in thousands of identical copies exposed at the cell surface.  

 They are made before the cell ever encounters an antigen.  

 They are encoded by genes assembled by the recombination of segments of DNA.  

 They have a unique binding site.  

 This site binds to a portion of the antigen called an antigenic determinant or epitope.  

 The binding, like that between an enzyme and its substrate depends on complementarity of the 

surface of the receptor and the surface of the epitope.  

 The binding occurs by non-covalent forces (again, like an enzyme binding to its substrate).  

 Successful binding of the antigen receptor to the epitope, if accompanied by additional signals, 

results in:  

o stimulation of the cell to leave G0 and enter the cell cycle.  

o Repeated mitosis leads to the development of a clone of cells bearing the same antigen 

receptor; that is, a clone of cells of the identical specificity. 

BCRs and TCRs differ in:  

 their structure;  

 the genes that encode them;  

 the type of epitope to which they bind.  

B Cells 

 BCRs bind soluble antigens (like diphtheria toxoid, the protein introduced into your body in the 

DTP vaccine).  

 The bound antigen molecules are engulfed into the B cell by receptor-mediated endocytosis.  

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/S/S.html#specific
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/AntigenPresentation.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/Proteins.html#integral
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/A.html#antigenic_determinant
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/E/Enzymes.html#enzyme_substrate
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/S/S.html#substrate
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/N/Noncovalent.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Tolerance.html#1._Lack_of_Co-stimulation
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/CellCycle.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/M/Mitosis.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/C.html#clone
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/V/Vaccines.html#3._Toxoids
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Th_B.gif
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 The antigen is digested into fragments  

 which are then displayed at the cell surface nestled inside a class II histocompatibility molecule.  

 Helper T cells specific for this structure (i.e., with complementary TCRs) bind the B cell and  

 secrete lymphokines that:  

o stimulate the B cell to enter the cell cycle and develop, by repeated mitosis, into a clone 

of cells with identical BCRs;  

o switch from synthesizing their BCRs as integral membrane proteins to a soluble version;  

o differentiate into plasma cells that secrete these soluble BCRs, which we now call 

antibodies. 

T Cells 

The surface of each T cell also displays thousands of identical T cell receptors (TCRs).  

There are two types of T cells that differ in their TCR:  

 alpha/beta (αβ) T cells. Their TCR is a heterodimer of an alpha chain with a beta chain. Each 

chain has a variable (V) region and a constant (C) region. The V regions each contain 3 

hypervariable regions that make up the antigen-binding site  

 gamma/delta (γδ) T cells. Their TCR is also a heterodimer of a gamma chain paired with a delta 

chain.  

The TCR (of alpha/beta T cells) binds a bimolecular complex displayed at the surface of some other 

cell called an antigen-presenting cell (APC).  

Most of the T cells in the body belong to one of two subsets. These are distinguished by the presence on 

their surface of one or the other of two glycoproteins designated:  

 CD4  

 CD8  

Which of these molecules is present determines what types of cells the T cell can bind to.  

 CD8+ T cells bind epitopes that are part of class I histocompatibility molecules. Almost all the 

cells of the body express class I molecules.  

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/HLA.html#class_II
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Th1_Th2.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/L/L.html#lymphokine
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/AntigenPresentation.html#Exogenous_antigens
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/G/G.html#glycoprotein
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/HLA.html#Class_I_Histocompatibility_Molecules
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 CD4+ T cells bind epitopes that are part of class II histocompatibility molecules. Only 

specialized antigen-presenting cells express class II molecules. These include:  

o dendritic cells  

o phagocytic cells like macrophages and  

o B cells 

T cells +CD8 

The best understood CD8+ T cells are cytotoxic T lymphocytes (CTLs). They secrete molecules that 

destroy the cell to which they have bound. This is a very useful function if the target cell is infected with 

a virus because the cell is usually destroyed before it can release a fresh crop of viruses able to infect 

other cells. In general, the role of the CD8+ T cells is to monitor all the cells of the body, ready to 

destroy any that express foreign antigen fragments in their class I molecules. 

T cells +CD4 

CD4+ T cells bind an epitope consisting of an antigen fragment lying in the groove of a class II 

histocompatibility molecule. CD4+ T cells are essential for both the cell-mediated and antibody-

mediated branches of the immune system:  

 cell-mediated immunity :   

These CD4+ cells bind to antigen presented by antigen-presenting cells (APCs) like phagocytic 

macrophages and dendritic cells. The T cells then release lymphokines that attract other cells to the 

area. The result is inflammation: the accumulation of cells and molecules that attempt to wall off 

and destroy the antigenic material (an abscess is one example, the rash following exposure to poison 

ivy is another). 

 antibody-mediated immunity :   

These CD4+ cells, called helper T cells, bind to antigen presented by B cells (as shown above). The 

result is the development of clones of plasma cells secreting antibodies against the antigenic 

material. 

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/HLA.html#class_II
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/D/DCs.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/B/Blood.html#monocytes
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/HLA.html#class_II
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/HLA.html#class_II
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/CMI.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/ClassIIpath.gif
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/D/DCs.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/L/L.html#lymphokine
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/I/Inflammation.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/B/B_and_Tcells.html#PlasmaCells
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Gamma/Delta (γδ) T Cells 

Gamma/delta T cells differ from their alpha/beta cousins in several ways:  

 Their TCR is encoded by different gene segments.  

 Their TCR binds to antigens that can be  

o intact proteins (just as antibodies do) as well as a variety of other types of organic 

molecules (often containing phosphorus atoms).  

o not "presented" within class I or class II histocompatibility molecules;  

o not presented by "professional" antigen-presenting cells (APCs) like dendritic cells.  

 Most of these T cells have neither CD8 nor CD4 on their surface. This makes sense because they 

have no need to recognize class I and class II histocompatibility molecules.  

 Gamma/Delta T cells, like alpha/beta T cells, develop in the thymus. However, they migrate 

from there into body tissues, especially epithelia (e.g., intestine, skin, lining of the vagina), and 

don't recirculate between blood and lymph nodes (they represent no more than 5% of the T cells 

in the blood and are even rarer in lymph nodes). They encounter antigens on the surface of the 

epithelial cells that surround them rather than relying on the APCs found in lymph nodes.  

 

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Tolerance.html#Definitions
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/D/DCs.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/AnimalTissues.html#epithelial
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What is the Function of γδ T cells?   

That is still something of a mystery. Situated as they are at the interfaces between the external and 

internal worlds, they may represent a first line of defense against invading pathogens. Their response 

does seem to be quicker than that of αβ T cells. Knockout mice that cannot make γδ T cells are slower to 

heal injuries to their skin. They are also much more susceptible to skin cancers than normal mice. 

Perhaps, immune surveillance is one of the functions of γδ T cells. 

 

Cytokines 

Cytokines are small molecules, secreted by cells in response to a stimulus. They may have an effect on 

the cell that produces them and are critical to signaling between cells, with each cytokine often inducing 

several different biological effects. Many different cells release cytokines, but each cell type releases 

only certain of these molecules. Cytokines may induce growth, differentiation, chemotaxis, activation, 

and/or enhanced cytotoxicity. Moreover, it is not uncommon for different cytokines to have similar 

activities and for many cytokines, some with opposing activities, to be released by a particular stimulus. 

Thus, the resulting biological effect is a factor of the sum of all of these activities. To some extent 

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/TransgenicAnimals.html#knockout
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/I/I.html#immune_surveillance
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cytokines can be grouped by the cell populations that secrete them. Monokines are cytokines secreted 

by cells of the myeloid series (monocytes, macrophages) and lymphokines are cytokines secreted 

primarily by  lymphocytes, although some cytokines are produced by both lymphocytes and myeloid 

cells. The term interleukin (IL) is often used to describe cytokines produced by leukocytes, although 

some interleukins are also produced by other cell populations. A group of small heparin-binding 

cytokines, chemokines, direct cell migration, and may also activate cells in response to infectious agents 

or tissue damage. Interferons are produced by a variety of cells in response to viral infection. It is 

important to note that the same cytokine can be made by several different cell populations. For example, 

IFNα is made by most if not all nucleated  cells in response to viral infection. IFNγ is produced both by 

Th1 cells and by NK cells. IL-1 is produced by macrophages, B cells and non-immune keratinocytes is 

the predominant cell type in the epidermis, the outermost layer of the skin. Many different cell types 

make IL-6, several make IL-4, etc. Moreover, the same cytokine can induce different functions in 

different cell types. For example, TNFα can promote the proliferation of B cells but activate killing 

mechanisms in other cell populations. IFNγ activates macrophages to kill intracellular microbes, induces 

B cells to switch their antibody class to IgG and induces endothelial cells to increase expression of MHC 

class II molecules. 

Representative lymphokines and monokines  

Cytokine  Produced by Activity 

IL-1   M  ᴓ , epithelial cells Activates vascular 

endothelium; tissue 

destruction; increased effector 

cell 

access; fever; lymphocyte 

activation; mobilization of 

PMNs; induction of 

acute phase proteins (CRP, 

MBP) 

IL-2  T cells Proliferation of T and NK 

cells 

IL-3  T cells, thymic cells Proliferation and 

differentiation of 

hematopoietic cells 

IL-4  Th2 cells, mast cells B cell activation and 

proliferation; induces Th2 IgE 

responses and inhibits 

Th1 responses 

IL-5  Th2 cells, mast cells Eosinophil growth, 

differentiation; B cell 

activation, induces IgA 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Epidermis_(skin)
http://en.wikipedia.org/wiki/Skin
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responses 

IL-6 T cells, Mᴓ Lymphocyte activation; fever; 

induction of acute phase 

proteins 

IL-8 Mo, Mᴓ, Fb, Kr Increases tissue access for, 

and chemotaxis of PMNs 

IL-10 Th2 cells, Mᴓ B cell activation; suppression 

of Mᴓ activity; induces Th2 

and inhibits Th1 

Responses 

IL-12 B cells, Mᴓ Induces Th1 and inhibits Th2 

responses; activates NK cells 

 

Monocytes (Mo), macrophages (Mᴓ), endothelial cells (En), fibroblasts (Fb), keratinocytes (Kr), 

neutrophils (PMNs), chondrocytes (Co). 

Central role of T-helper cells in immune responses  :  

After  T-helper (Th) cells recognize specific antigen presented by an antigen-presenting cell (APC), they 

can initiate several key immune processes.  These include: 1) selection of appropriate effector 

mechanisms ( e.g., B cell activation or Tc generation); 2) induction of proliferation of appropriate 

effector cells and 3) enhancement of the functional activities of other cells (e.g., granulocytes, 

macrophages, NK cells). On other hand , Cytokines produced by Th1 cells activate macrophages and 

participate in the generation of cytoxic lymphocytes (CTL), resulting in a cell-mediated immune 

response.  In contrast cytokines produced by Th2 cells help to activate B cells, resulting in antibody 

production. Thus, the immune response is directed to the type of response that is required to deal with 

the pathogen encountered – cell-mediated responses for intracellular pathogens or antibody responses 

for extracellular pathogens. Effects :  Each cytokine has a matching cell-surface receptor. Subsequent 

cascades of intracellular signalling then alter cell functions. This may include the upregulation and/or 

downregulation of several genes and their transcription factors, resulting in the production of other 

cytokines, an increase in the number of surface receptors for other molecules, or the suppression of their 

own effect by feedback inhibition. 

The effect of a particular cytokine on a given cell depends on the cytokine, its extracellular abundance, 

the presence and abundance of the complementary receptor on the cell surface, and downstream signals 

activated by receptor bindingCytokines are characterized by considerable "redundancy", in that many 

cytokines appear to share similar functions.It seems to be a paradox that cytokines binding to antibodies 

http://pathmicro.med.sc.edu/mayer/antigens2000.htm
http://www.mondofacto.com/facts/dictionary?query=antigen+presenting+cell&action=look+it+up
http://en.wikipedia.org/wiki/Receptor_(biochemistry)
http://en.wikipedia.org/wiki/Biochemical_cascade
http://en.wikipedia.org/wiki/Genes
http://en.wikipedia.org/wiki/Transcription_factors
http://en.wikipedia.org/wiki/Enzyme_inhibitor
http://en.wikipedia.org/wiki/Antibody
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have a stronger immune effect than the cytokine alone. This may lead to lower therapeutic doses. Over 

secretion of cytokines can trigger a dangerous syndrome known as a cytokine storm. 

 

Major Histocompatibility Complex 

Major histocompatibility complex (MHC) was first detected as the genetic locus encoding the 

glycoprotein molecules (transplantation antigens) responsible for the rapid rejection of tissue grafts 

transplanted between genetically nonidentical individuals. It is now known that MHC molecules bind 

http://en.wikipedia.org/wiki/Cytokine_storm
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peptide antigens and present them to T cells. In humans, the MHC is a cluster of extensively studied 

genes located on chromosome 6. Among the many important genes in the human MHC, also known as 

HLA (human leukocyte antigens), are those that encode the class I, class II, and class III MHC proteins. 

Class I proteins are encoded by the HLA-A, -B, and -C genes. These proteins are made up of two chains: 

(1) a transmembrane glycoprotein of MW 45,000, noncovalently associated with (2) a non-MHC-

encoded polypeptide of MW 12,000 that is known as β2-microglobulin. Class I molecules are to be 

found on virtually all nucleated cells in the body. 

Class II proteins are encoded by the HLA-D region. There are three main sets: the DP-, DQ-, and DR-

encoded molecules. This locus retains control of immune responsiveness, and different allelic forms of 

these genes confer striking differences in the ability to mount an immune response against a given 

antigen. The HLA-D locus-encoded proteins are made up of two non-covalently associated 

transmembrane glycoproteins of about MW 33,000 and MW 29,000. Unlike class I proteins, they have a 

restricted tissue distribution and are chiefly found on macrophages, B cells, and other antigen-presenting 

cells. Their expression on other cells—eg, endothelial cells—can be induced by interferon-gamma.The 

class II MHC locus also includes genes encoding proteins involved in antigen processing, eg, TAP 

(peptide transporter). The class III MHC locus encodes complement proteins and several cytokines.The 

genes of the MHC exhibit a remarkable genetic variability. The MHC is polygenic in that there are 

several genes for each class of molecule. The MHC is also polymorphic. Thus, a large number of alleles 

exist in the population for each of the genes. Each individual inherits a restricted set of alleles from its 

parents. Sets of MHC genes tend to be inherited as a block or haplotype.Allele is one of a number of 

alternative forms of the same gene or same genetic locus (generally a group of genes). It is the 

alternative form of a gene for a character producing different effects. 

 

Immunologic role of the histocompatibility antigens 

 Antigens are recognized by the appropriate  T cell receptor (TCR) only in the context of the 

histocompatibility antigens. 

 Exogenous antigens (e.g., bacteria), which would undergo processing by an  antigen presenting  

cell (APC), would be expressed on the surface of the APC in the context of a class II MHC 

molecule and be recognized by CD4+ TH cells. 

 Endogenous antigens (e.g., virally transformed cell proteins) would be expressed on the surface 

of any cell in the context of a class I MHC molecule and be recognized by a CD8+ TC cell. 

http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Locus_(genetics)
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Human leukocyte antigen : The human leukocyte antigen system (HLA) is the name of the major 

histocompatibility complex (MHC) in humans. The super locus contains a large number of genes related 

to immune system function in humans. This group of genes resides on chromosome 6, and encode cell-

surface antigen-presenting proteins and many other genes. The HLA genes are the human versions of the 

Major histocompatibility complex (MHC) genes that are found in most vertebrates, and are the most 

studied of the MHC genes. The proteins encoded by certain genes are also known as antigens, as a result 

of their historic discovery as factors in organ transplantations. The major HLA antigens are essential 

elements in immune function. Different classes have different functions. 

Important Features of Some Human MHC Gene Products. 

 
 

  Class I Class II 

Genetic loci  HLA-A, -B, and -C HLA-DP, -DQ, and -DR 

Polypeptide 

composition 

MW 45,000 + β2M 

(MW 12,000) 

  

α-chain (MW 33,000), β-chain (MW 29,000), Ii 

chain (MW 30,000) 

Cell distribution All nucleated somatic Antigen-presenting cells (macrophages, B cells, etc), 

http://en.wikipedia.org/wiki/Major_histocompatibility_complex
http://en.wikipedia.org/wiki/Major_histocompatibility_complex
http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/Chromosome_6
http://en.wikipedia.org/wiki/Antigen
http://en.wikipedia.org/wiki/Major_histocompatibility_complex
http://en.wikipedia.org/wiki/History_and_naming_of_human_leukocyte_antigens
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cells activated human T ce ls 

 resent peptide 

antigens to 

CD8 T cells CD4 T cells 

Size of peptide 

bound 

8–11 residues 10–30 or more residues 

 

 

  

Human MHC class III and IV genes  

The major histocompatibility complex (MHC) was initially defined as the genetic locus encoding the 

Class I and Class II highly polymorphic cell surface antigens that are now known to present antigen to 

matched sets of T cell receptors. Genes for several diverse complement components, specifically Bf, C2, 

and C4 were found between the Class I and II genes, in a region later dubbed Class III. More recently, 

several genes have been described that are encoded in the telomeric end of the Class III region and that 

appear to be involved in both global and specific inflammatory responses. Due to this commonality of 

function this gene-rich region was dubbed Class IV, and includes the TNF family, AIF1, and HSP70. 

The genes of the Class III and Class IV regions are sufficiently divergent in sequence and structure so 

that clustering is not explicable.  
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Hypersensitivity reaction  : Hypersensitivity refers to excessive, undesirable (damaging, 

discomfort-producing and sometimes fatal) reactions produced by the normal immune system. 

Hypersensitivity reactions require a pre-sensitized (immune) state of the host. Hypersensitivity reactions 

can be divided into four types: type I, type II, type III and type IV, based on the mechanisms involved 

and time taken for the reaction. Type I hypersensitivity is also known as immediate or anaphylactic 

hypersensitivity. The reaction may involve skin (urticaria and eczema), eyes (conjunctivitis), 

nasopharynx (rhinorrhea, rhinitis), bronchopulmonary tissues (asthma) and gastrointestinal tract 

(gastroenteritis). The reaction may cause a range of symptoms from minor inconvenience to death. The 

reaction usually takes 15 - 30 minutes from the time of exposure to the antigen, although sometimes it 

may have a delayed onset (10 - 12 hours). Immediate hypersensitivity is mediated by IgE. The primary 

cellular component in this hypersensitivity is the mast cell or basophil. The reaction is amplified and/or 

modified by platelets, neutrophils and eosinophils. The mechanism of reaction involves preferential 

production of IgE, in response to certain antigens (often called allergens). The precise mechanism as to 

why some individuals are more prone to type-I hypersensitivity is not clear. 

http://www.mondofacto.com/facts/dictionary?query=anaphylaxis&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=urticaria
http://www.mondofacto.com/facts/dictionary?query=rhinorrhea&action=look+it+up
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Diagnostic tests for immediate hypersensitivity include skin (prick and intradermal) tests (fig. 1A), 

measurement of total IgE and specific IgE antibodies against the suspected allergens. Total IgE and 

specific IgE antibodies are measured by a modification of enzyme immunoassay (ELISA). Increased IgE 

levels are indicative of an  atopic condition, although IgE may be elevated in some non-atopic diseases 

(e.g., myelomas, helminthic infection, etc.).There appears to be a genetic predisposition for atopic 

diseases and there is evidence for HLA (A2) association. 

Type II hypersensitivity  is also known as cytotoxic hypersensitivity and may affect a variety of organs 

and tissues. The antigens are normally endogenous, although exogenous chemicals (haptens) which can 

attach to cell membranes can also lead to type II hypersensitivity. Drug-induced hemolytic anemia, 

granulocytopenia and thrombocytopenia are such examples. The reaction time is minutes to hours. Type 

II hypersensitivity is primarily mediated by antibodies of the IgM or IgG classes and complement . 

Phagocytes and K cells may also play a role. The lesion contains antibody, complement and neutrophils. 

Diagnostic tests include detection of circulating antibody against the tissues involved and the presence 

of antibody and complement in the lesion (biopsy) by immunofluorescence. The staining pattern is 

normally smooth and linear, such as that seen in Goodpasture's nephritis (renal and lung basement 

membrane) and pemphigus (skin intercellular protein, desmosome) Treatment involves anti-

inflammatory and immunosuppressive agents. 

http://www.mondofacto.com/facts/dictionary?query=atopic&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=myeloma
http://www.mondofacto.com/facts/dictionary?query=helminth
http://www.mondofacto.com/facts/dictionary?query=atopic&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=atopic&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=hapten
http://www.mondofacto.com/facts/dictionary?query=granulocytopenia
http://www.mondofacto.com/facts/dictionary?query=thrombocytopenia&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=Goodpasture
http://www.mondofacto.com/facts/dictionary?query=pemphigus
http://www.mondofacto.com/facts/dictionary?query=desmosome&action=Search+OMD
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Type III hypersensitivity is also known as immune complex hypersensitivity. The reaction may be 

general (e.g., serum sickness) or may involve individual organs including skin (e.g., systemic lupus 

erythematosus, Arthus reaction), kidneys (e.g., lupus nephritis), lungs (e.g., aspergillosis), blood vessels 

(e.g., polyarteritis), joints (e.g., rheumatoid arthritis) or other organs. This reaction may be the 

pathogenic mechanism of diseases caused by many microorganisms. The reaction may take 3 - 10 hours 

after exposure to the antigen (as in Arthus reaction). It is mediated by soluble immune complexes. They 

are mostly of the IgG class, although IgM may also be involved. The antigen may be exogenous 

(chronic bacterial, viral or parasitic infections), or endogenous (non-organ specific autoimmunity: e.g., 

systemic lupus erythematosus, SLE). The antigen is soluble and not attached to the organ involved. 

Primary components are soluble immune complexes and complement (C3a, 4a and 5a). The damage is 

caused by platelets and neutrophils . The lesion contains primarily neutrophils and deposits of immune 

complexes and complement. Macrophages infiltrating in later stages may be involved in the healing 

process. The affinity of antibody and size of immune complexes are important in production of disease 

and determining the tissue involved. Diagnosis involves examination of tissue biopsies for deposits of 

immunoglobulin and complement by immunofluorescence microscopy. The presence of immune 

complexes in serum and depletion in the level of complement are also diagnostic. Polyethylene glycol-

mediated turbidity (nephelometry) binding of C1q and Raji cell test are utilized to detect immune 

complexes. Treatment includes anti-inflammatory agents. 

http://www.mondofacto.com/facts/dictionary?query=aspergillosis&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=polyarteritis&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=arthus
http://www.mondofacto.com/facts/dictionary?query=nephelometry
http://www.mondofacto.com/facts/dictionary?query=Raji&action=Search+OMD
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Type IV hypersensitivity is also known as cell mediated or delayed type hypersensitivity. The classical 

example of this hypersensitivity is tuberculin (Montoux) reaction which peaks 48 hours after the 

injection of antigen (PPD or old tuberculin). The lesion is characterized by induration and erythema. 

Type IV hypersensitivity is involved in the pathogenesis of many autoimmune and infectious diseases 

http://www.mondofacto.com/facts/dictionary?query=tuberculin&action=Search+OMD
http://www.mondofacto.com/facts/dictionary?query=induration
http://www.mondofacto.com/facts/dictionary?query=erythema
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(tuberculosis, leprosy, blastomycosis, histoplasmosis, toxoplasmosis, leishmaniasis, etc.) and 

granulomas due to infections and foreign antigens. Another form of delayed hypersensitivity is contact 

dermatitis, poison ivy , chemicals, heavy metals, etc.) in which the lesions are more papular. 

Mechanisms of damage in delayed hypersensitivity include T lymphocytes and monocytes and/or 

macrophages. Cytotoxic T cells (Tc) cause direct damage whereas helper T (TH1) cells secrete 

cytokines which activate cytotoxic T cells and recruit and activate monocytes and macrophages, which 

cause the bulk of the damage . The delayed hypersensitivity lesions mainly contain monocytes and a few 

T cells.Major lymphokines involved in delayed hypersensitivity reaction include monocyte chemotactic 

factor, interleukin-2, interferon-gamma, TNF alpha/beta, etc. Diagnostic tests in vivo include delayed 

cutaneous reaction (e.g. Montoux test (figure 5)) and patch test (for contact dermatitis). In vitro tests for 

delayed hypersensitivity include mitogenic response, lympho-cytotoxicity and IL-2 

production.Corticosteroids and other immunosuppressive agents are used in treatment. 

 

 

 

http://www.mondofacto.com/facts/dictionary?query=granuloma
http://www.mondofacto.com/facts/dictionary?query=papules
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 Table 4  -  Comparison of Different Types of hypersensitivity 

characteristics 
type-I 

(anaphylactic) 

type-II 

(cytotoxic) 

type-III 

(immune 

complex) 

type-IV 

(delayed type) 

antibody IgE IgG, IgM IgG, IgM None 

antigen exogenous cell surface soluble tissues & organs 

response time 15-30 minutes minutes-hours 3-8 hours 48-72 hours 

appearance 
weal & flare 

تهيجهمحمرة وم  

lysis and 

necrosis 

erythema 

and edema, 

necrosis 

erythema and 

induration 

histology 
basophils and 

eosinophil 

antibody and 

complement 

complement 

and 

neutrophils 

monocytes and 

lymphocytes 

transferred with antibody antibody antibody T-cells 

examples 
allergic asthma, 

hay fever 

erythroblastosis 

fetalis, 

Goodpasture's 

nephritis 

SLE, 

farmer's lung 

disease 

  

tuberculin test, 

poison ivy, 

granuloma 

Tolerance and autoimmunity  

reactivity to an antigen resulting from a -immunological non specificTolerance refers to the  Tolerance

previous exposure to the same antigen. While the most important form of tolerance is non-reactivity to 

self-antigens, it is possible to induce tolerance to non-self-antigens. When an antigen induces tolerance, 

it is termed tolerogen. 

antigens-selfTolerance to  

We normally do not mount a strong immune response against our own (self) antigens, a phenomenon 

called self-tolerance. When the immune system recognizes a self-antigen and mounts a strong response 

against it, autoimmune disease develops. Nonetheless, the immune system has to recognize self-MHC to 
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mount a response against a foreign antigen. Thus, the immune system is constantly challenged to 

discriminate self vs non-self and mediate the right response.  

self-Induction of tolerance to non  

Tolerance can also be induced to non-self (foreign) antigens by modifying the antigen, by injecting the 

antigen through specific routes such as oral, administering the antigen when the immune system is 

developing, etc. Certain bacteria and viruses have devised clever ways to induce tolerance so that the 

host does not kill these microbes. Ex: Patients with lepromatous type of leprosy do not mount an 

immune response against Mycobacterium leprae. 

 Tolerance to tissues and cells 

Tolerance to tissue and cell antigens can be induced by injection of hemopoietic (stem) cells in neonatal 

or severely immunocompromised (by lethal irradiation or drug treatment) animals. Also, grafting of 

allogeneic bone marrow or thymus in early life results in tolerance to the donor type cells and tissues. 

Tolerance to soluble antigens A state of tolerance to a variety of T-dependent and T-independent 

antigens has been achieved in various experimental models.  

Mechanism of tolerance induction  The exact mechanism of induction and maintenance of tolerance is 

not fully understood. Experimental data, however, point to several possibilities. 

Clonal deletion (central tolerance) 
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Peripheral tolerance: The clonal deletion is not a fool proof system and often T and B cells fail to 

undergo deletion and therefore such cells can potentially cause autoimmune disease once they reach the 

peripheral lymphoid organs. Thus, the immune system has devised several additional check points so 

that tolerance can be maintained.  

Clonal anergy  Auto-reactive T cells when exposed to antigenic peptides on antigen presenting cells 

(APC) that do not possess the co-stimulatory molecules CD80 (B7-1) or CD86 (B7-2) become anergic 

(nonresponsive) to the antigen. Also, while activation of T cells through CD28 triggers IL-2 production, 

activation of CTLA4 leads to inhibition of IL-2 production and anergy. Also, B cells when exposed to 

large amounts of soluble antigen down-regulate their surface IgM and become anergic. These cells also 

up-regulate the Fas molecules on their surface. An interaction of these B cells with Fas-ligand bearing T 
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cells results in their death via apoptosis.  

 

 

Clonal ignorance .  
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Anti-idiotype antibody 

These are antibodies that are produced against the specific idiotypes of other antibodies. Anti-idiotypic 

antibodies are produced during the process of tolerization and have been demonstrated in tolerant 

animals. These antibodies may prevent the B cell receptor from interacting with the antigen.  

Regulatory T cells (Formerly called suppressor cells) 

Recently, a distinct population of T cells has been discovered called regulatory T cells. Regulatory T 

cells come in many flavors, but the most well characterized include those that express CD4+ and 

CD25+. Because activated normal CD4 T cells also express CD25, it was difficult to distinguish 

regulatory T cells and activated T cells. The latest research suggests that regulatory T cells are defined 

by expression of the forkhead family transcription factor Foxp3. Expression of Foxp3 is required for 

regulatory T cell development and function. The precise mechanism/s through which regulatory T cells 

suppress other T cell function is not clear. One of the mechanisms include the production of 

immunosuppressive cytokines such as TGF-β and IL-10. Genetic mutations in Foxp3 in humans leads to 

development of a severe and rapidly fatal autoimmune disorder known as Immune dysregulation, 

Polyendocrinopathy, Enteropathy, X-linked (IPEX) syndrome. This disease provides the most striking 

evidence that regulatory T cells play a critical role in preventing autoimmune disease.  

Termination of tolerance 

Experimentally induced tolerance can be terminated by prolonged absence of exposure to the tolerogen, 

by treatments which severely damage the immune system (x-irradiation) or by immunization with cross 

reactive antigens. These observations are of significance in the conceptualization of autoimmune 

diseases. 

AUTOIMMUNITY  

Autoimmunity can be defined as breakdown of mechanisms responsible for self tolerance and induction 

of an immune response against components of the self. Such an immune response may not always be 

harmful (e.g., anti-idiotype antibodies). However, in numerous autoimmune diseases it is well 

recognized that products of the immune system cause damage to the self. 

Effector mechanisms in autoimmune diseases 

Both antibodies and effector T cells can be involved in the damage in autoimmune diseases. 
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General classification :  Autoimmune diseases are generally classified on the basis of the organ or 

tissue involved. These diseases may fall in an organ-specific category in which the immune response is 

directed against antigen(s) associated with the target organ being damaged or a non-organ-specific 

category in which the antibody is directed against an antigen not associated with the target organ. The 

antigen involved in most autoimmune diseases is evident from the name of the disease. 

Genetic predisposition for autoimmunity :   Studies in mice and observations in humans suggest a 

genetic predisposition for autoimmune diseases. Association between certain HLA types and 

autoimmune diseases has been noted (HLA: B8, B27, DR2, DR3, DR4, DR5 etc.). 

Etiology of autoimmunity disease :  The exact etiology of autoimmune diseases is not known. 

However, various theories have been offered. These include sequestered antigen, escape of auto-reactive 

clones, loss of suppressor cells, cross reactive antigens including exogenous antigens (pathogens) and 

altered self-antigens (chemical and viral infections). 

Sequestered antigen :  Lymphoid cells may not be exposed to some self-antigens during their 

differentiation, because they may be late-developing antigens or may be confined to specialized organs 

(e.g., testes, brain, eye, etc.). A release of antigens from these organs resulting from accidental traumatic 

injury or surgery can result in the stimulation of an immune response and initiation of an autoimmune 

disease. 

Escape of auto-reactive clones :  The negative selection in the thymus may not be fully functional to 

eliminate self-reactive cells. Not all self-antigens may be represented in the thymus or certain antigens 

may not be properly processed and presented. 

Lack of regulatory T cells :  there are fewer regulatory T-cells in many autoimmune diseases. 

Diagnosis: Diagnosis of autoimmune diseases is based on symptoms and detection of antibodies (and/or 

very early T cells) reactive against antigens of tissues and cells involved. Antibodies against cell/tissue 

associated antigens are detected by immunofluorescence. Antibodies against soluble antigens are 

normally detected ELISA or radioimmunoassay (see table above). In some cases, a biological 

/biochemical assay may be used (e.g., Graves diseases, pernicious anemia). 

Treatment : The goals of treatment of autoimmune disorders are to reduce symptoms and control the 

autoimmune response while maintaining the body's ability to fight infections. Treatments vary widely 

and depend on the specific disease and symptoms: Anti-inflammatory (corticosteroid) and 
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immunosuppressive drug therapy (such as cyclophosphamide, azathioprine, cyclosporine ) is the present 

method of treating autoimmune diseases. Extensive research is being carried out to develop innovative 

treatments which include: anti-TNF alpha therapy against arthritis, feeding antigen orally to trigger 

tolerance, anti-idiotype antibodies, antigen peptides, anti-IL2 receptor antibodies, anti-CD4 antibodies, 

anti-TCR antibodies, etc.  

 Genetics and autoimmunity: certain individuals are genetically susceptible to developing autoimmune 

diseases. This susceptibility is associated with multiple genes plus other risk factors. Genetically 

predisposed individuals do not always develop autoimmune diseases. Three main sets of genes are 

suspected in many autoimmune diseases. These genes are related to: 1- Immunoglobulins 2- T-cell 

receptors 3-The major histocompatibility complexes (MHC). T-cell receptors and MHC, which are 

involved in the recognition of antigens, are inherently variable and susceptible to recombination. These 

variations enable the immune system to respond to a very wide variety of invaders, but may also give 

rise to lymphocytes capable of self-reactivity.Scientists have also provided strong evidence to suggest 

that certain MHC class II allotypes are strongly correlated with:  1- HLA DR2 is strongly positively 

correlated with Systemic Lupus Erythematosus, 2. HLA DR3 is correlated strongly with Sjögren's 

syndrome 3. HLA DR4 is correlated with the genesis of rheumatoid arthritis, Type 1 diabetes mellitus, 

and pemphigus vulgaris. On other hand fewer correlations exist with MHC class I molecules. The most 

notable and consistent is the association between HLA B27 and ankylosing spondylitis.  

Sex and autoimmunity: A person's sex also seems to have some role in the development of 

autoimmunity; that is, most autoimmune diseases are sex-related. The reasons for the sex role in 

autoimmunity are unclear. Women appear to generally mount larger inflammatory responses than men 

when their immune systems are triggered, increasing the risk of autoimmunity. Involvement of sex 

steroids is indicated by that many autoimmune diseases tend to fluctuate in accordance with hormonal 

changes, for example, during pregnancy, in the menstrual cycle, or when using oral contraception. 

Another theory suggests the female high tendency to get autoimmunity is due to an imbalanced X 

chromosome inactivation .  

Immunodeficiency and autoimmunity: There are a large number of immunodeficiency syndromes that 

present clinical and laboratory characteristics of autoimmunity. The decreased ability of the immune 

system to clear infections in these patients may be responsible for causing autoimmunity through 

perpetual immune system activation. One example is common variable immunodeficiency (CVID) 

where multiple autoimmune diseases are seen, e.g. inflammatory bowel disease, autoimmune 

thrombocytopenia and autoimmune thyroid disease.  
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Environmental factors and autoimmunity: some observations have been found the strong association 

of certain microbial organisms with autoimmune diseases. For example, Klebsiella pneumoniae and 

coxsackievirus B have been strongly correlated with ankylosing spondylitis and diabetes mellitus type 1, 

respectively. This has been explained by the tendency of the infecting organism to produce super-

antigens that are capable of polyclonal activation of B-lymphocytes, and production of large amounts of 

antibodies of varying specificities, some of which may be self-reactive .Certain chemical agents and 

drugs can also be associated with the genesis of autoimmune conditions, or conditions that simulate 

autoimmune diseases. The most striking of these is the drug-induced lupus erythematosus. Usually, 

withdrawal of the offending drug cures the symptoms in a patient. Cigarette smoking is now established 

as a major risk factor for both incidence and severity of rheumatoid arthritis.  

Tumor immunology 

Malignant Transformation 

The proliferation of normal cells is carefully regulated. However, such cells when exposed to chemical 

carcinogens, irradiation and certain viruses may undergo mutations leading to their transformation into 

cells that are capable of uncontrolled growth, producing a tumor or neoplasm.  

A tumor may be: 

 Benign, if it is not capable of indefinite growth and the host survives. 

 Malignant, if the tumor continues to grow indefinitely and spreads (metastasizes), eventually 

killing the host. This uncontrolled growth may be due to up regulation of oncogenes (cancer-

inducing genes) and/or down regulation of tumor suppressor genes (that normally inhibit tumor 

growth often by inducing cell death). 

EVIDENCE FOR IMMUNE REACTIVITY TO TUMORS 

There is a lot of evidence that tumors can elicit an immune response. Such evidence includes: 

 Tumors that have severe mononuclear cell infiltration have a better prognosis than those that lack 

it. 

 Certain tumors regress spontaneously (e.g., melanomas, neuroblastomas), suggesting an 

immunological response. 
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  Some tumor metastases regress after removal of primary tumor which reduces the tumor load, 

thereby inducing the immune system to kill the residual tumor. 

 Although chemotherapy leads to rejection of a large number of tumor cells, the few tumor cells 

that evade the action of the drugs can outgrow and kill the host. However, the immune system 

may be able to mount an attack against the few tumor cells that are spared by the 

chemotherapeutic agent. 

 There is an increased incidence of malignancies in immuno-deficient patients such as AIDS 

patients who are susceptible to Kaposi sarcoma and transplant patients who are susceptible to 

Epstein Barr virus (EBV)-induced lymphoma. 

 Tumor-specific antibodies and T lymphocytes (detected in cytotoxicity and proliferative 

response assays) have been observed in patients with tumors. 

 The young and the old population have an increased incidence of tumors. These members of the 

population often have an immune system that is compromised. 

 Hosts can be specifically immunized against various types of tumors demonstrating tumor 

antogens can elicit an immune response 

 Tumor associated antigens 

There are 2 main types of tumor antigens: 

 Tumor-specific transplantation antigens (TSTA) which are unique to tumor cells and not 

expressed on normal cells. They are responsible for rejection of the tumor. 

 Tumor associated transplantation antigens (TATA) that are expressed by tumor cells and normal 

cells.  

Viruses that cause human tumors include: 

 DNA viruses 

 Papova (papilloma, polyoma) viruses: Papilloma virus causes cervical cancer. 

 Hepatitis virus: Hepatitis B virus causes hepatocellular cancer. 

 Adenoviruses may also be tumorigenic 

RNA viruses 

 Retroviruses: Human T-lymphotropic viruses (HTLV-I and HTLV-II) causes T cell leukemias.  
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Immunity against tumors 

Although there is ample evidence for anti-tumor immune reactivity in humans, evidence for immunity 

against malignancy comes mostly from experimental studies with animals. In these, mice were 

immunized by administering irradiated tumor cells or following removal of a primary tumor challenged 

with the same live tumor. These animals were found to be resistant to re-challenge with the same live 

tumor. While antibodies may develop against few cancers, cell-mediated immunity plays a critical role 

in tumor rejection. Thus, immunity can be transferred, in most cases, from an animal, in which a tumor 

has regressed, to a naive syngeneic recipient by administration of T lymphocytes. The T helper (Th) 

cells recognize the tumor antigens that may be shed from tumors and internalized, processed and 

presented in association with class II MHC on antigen presenting cells. These Th cells, when activated, 

will produce cytokines. Thus, the Th cells provide help to B cells in antibody production. Cytokines 

such as IFN-gamma may also activate macrophages to be tumoricidal. Furthermore, the Th cells also 

provide help to tumor-specific cytotoxic T cells (CTLs) by inducing their proliferation and 

differentiation. The CTLs recognize tumor antigens in the context of class I MHC and mediate tumor 

cell lysis. In tumors that exhibit decreased MHC antigens, natural killer (NK) cells are important in 

mediating tumor rejection. 

 Escape from immuno-surveillance 

According to the Immune Surveillance Theory, cancer cells that arise in the body are eliminated by the 

immune system. However, due to impaired immune reactivity, cancer cells may escape destruction. 

Tumors evade immune recognition by several mechanisms. 1-Tumors may not express neo-antigens that 

are immunogenic or they may fail to express co-stimulatory molecules required for the activation of T 

cells. 2-In addition, certain tumors are known to lack or be poor expressers of MHC antigen. 3-Another 

reason for failure of immune surveillance may be the fact that in the early development of a tumor, 4-the 

amount of antigen may be too small to stimulate the immune system (low dose tolerance) or, due to the 

rapid proliferation of malignant cells (high dose tolerance), the immune system is quickly overwhelmed. 

5-In addition, some tumors may evade the immune system by secreting immunosuppressive molecules 

and others may induce regulatory cells particularly the CD4+CD25+ FoxP3+ T regulatory cells. Also, 6-

some tumors may shed their antigens which in turn may interact and block antibodies and T cells from 

reacting with the tumor cells. 
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IMMUNODEFICIENCY  

Immunodeficiency is the failure of the immune system to protect against disease or malignancy. Primary 

Immunodeficiency is caused by genetic or developmental defects in the immune system. These defects 

are present at birth but may show up later on in life. Secondary or acquired immunodeficiency is the loss 

of immune function as a result of exposure to disease agents, environmental factors, immunosuppression, 

or aging.  

Immunodeficiencies-associated-with-aging 

 These include a progressive decrease in thymic cortex, hypo-cellularity of and reduction in the size of 

thymus, a decrease in suppressor cell function and hence an increase in auto-reactivity, a decrease in 

CD4 cells functions. By contrast B cells functions may be somewhat elevated. 

 Immunodeficiencies- associated- with- malignancies- and- other- diseases. 

B cell deficiencies have been noted in multiple myeloma, Waldenstrom's macroglobulinemia, chronic 

lymphocytic leukemia and well differentiated lymphomas. Hodgkin's disease and advanced solid tumors 

are associated with impaired T-cell functions. Most chemotherapeutic agents used for treatment of 

malignancies are also immunosuppressive. Other conditions in which secondary immunodeficiencies 

occur are sickle cell anemia, diabetes mellitus, protein calorie malnutrition, burns, alcoholic cirrhosis, 

rheumatoid arthritis, renal malfunction, etc. Waldenström's macroglobulinemia (WM, also known as 

lymphoplasmacytic lymphoma) is cancer affecting B cells, a type of white blood cell. The main 

attributing antibody is immunoglobulin M (IgM) 

Trauma After significant trauma including that associated with burns or major surgery, the immune 

system seems less able to deal with pathogens. Although the basis for this apparent immunodeficiency is 

not understood, it is possible that these traumatic events induce release of other immunomodulatory 

factors (e.g. glucocorticoids), which dampen immune responses. 

Kinetics of antibody responses to T-dependent Antigen  

1. Primary Antibody response:- 

a) Inductive, latent or lag phase - In this phase the antigen is recognized as foreign and the cells begin to 

proliferate and differentiate in response to the antigen. The duration of this phase will vary depending on 

the antigen but it is usually 5-7 days. 
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b) Log or Exponential Phase - In this phase the antibody concentration increases exponentially as the B 

cells that were stimulated by the antigen differentiate into plasma cells which secrete antibody. 

c) Plateau or steady-state phase - In this phase antibody  synthesis is balanced by antibody  decay so that 

there in no net increase in antibody  concentration. 

d) Decline or decay phase - In this phase the rate of antibody degradation exceeds that of 

antibody synthesis and the level of antibody falls. Eventually the level of antibody may reach base line 

levels. 

2. Secondary, memory or anamnestic response :- 

a) Lag phase - In a secondary response there is a lag phase by it is normally shorter than that observed in 

a primary response.  b) Log phase - The log phase in a secondary response is more rapid and higher 

antibody  levels are achieved.  c) Steady state phase  d) Decline phase - The decline phase is not as rapid 

and antibody  may persist for months, years or even a lifetime. 

  


