
By

Dr.Neetu Mittal
Assistant Professor

Department of Zoology
Shri JNMPG College, Lucknow

E content for B.Sc. III regular course

Topic: Immune system



Definitions
•Immune system - Cells, tissues, and molecules that

mediate resistance to infections.

•Immunology - Study of structure and function of the

immune system.

•Immunity - Resistance of a host to pathogens and their

toxic effects.

•Immune response - Collective and coordinated response

to the introduction of foreign substances in an individual

mediated by the cells and molecules of the immune

system.



Role of the Immune System

•Defence against microbes

•Defence against the growth of tumor cells

kills the growth of tumor cells

•Homeostasis

destruction of abnormal or dead cells

(e.g. dead red or white blood cells, antigen-antibody

complex)



Immune System

1. Organs

2. Cells

3. Molecules



Immune System: Organs
• Tonsils and adenoids : Adenoids are the patches that

is high up in the throat , just behind the nose. They, along

with the tonsils, are part of lymphatic system. The

adenoids and tonsils work by trapping germs coming in

through the mouth and nose.

• Thymus : This gland stimulate the development of

disease fighting T-cells.



• Lymph nodes : Part of lymphatic system, located

throughout the body but the largest grouping are found in

the neck, armpits. Lymph carry WBC which are responsible

for protecting the body against viruses and bacteria.

• Spleen : It acts as a filter for blood as a part of the

immune system. Old RBCs are recycled here and platelets

and WBCs are stored here.

• Payerôspatches : Small masses of lymphatic tissues,

present throughout ileum region of small intestine. They

monitor intestinal bacteria population and preventing the

growth of pathogenic bacteria in the intestine.



• Appendix : It aids in immune function. It is a safe house

for beneficial bacteria.

• Lymphatic vessels : Thin walled vessels carry lymph,

part of lymphatic system.

• Bone marrow: Generate or produce blood cells. It can

generate hundreds of billions of blood cells every day.



LYMPH

•Colourless fluid, circulated like blood in vessels, make

lymphatic system.

•B and T lymphocyte both originate in bone marrow, but T

cell migrate out and mature in special organs like thymus.

•B cells mature with in the bone marrow.

•After maturity both T and B cells migrate to the secondary

lymphoid organs like lymph nodes, tonsils and spleen.

•These cells activated here to produce antibodies.





Immune system: Cells
} Lymphocytes

Ɓ T-lymphocytes 

Ɓ B-Lymphocytes (plasma cells) 

Ɓ natural killer lymphocytes

} Monocytes (Macrophage) 

} Granulocytes

Ɓ neutrophils

Ɓ eosinophils

Ɓ basophils

Agranulocytes



Immune system : Molecules 

•Antibodies 

•Complement

•Cytokines

• Interleukines

• Interferons



Two types of immunity 

1. Innate (non-adaptive)

Ɓ first line of immune response

Ɓ relies on mechanisms that exist before infection

2. Acquired (adaptive)

Ɓ Second line of response (if innate fails)

Ɓ relies on mechanisms that adapt after infection 

Ɓ handled by T- and B- lymphocytes

Ɓ one cell determines one antigenic determinant 



•Based on genetic make-up 

•Relies on already formed components

•Rapid response: within minutes of infection

•Not specific

same molecules /cells respond to a range of pathogens

•Has no memory 

same response after repeated exposure

•Does not lead to clonal expansion

Innate immunity



Innate immunity : Mechanisms 
} Mechanical barriers / surface secretion

Ɓskin, acidic pH in stomach, cilia

} Humoral mechanisms 

Ɓlysozymes, basic proteins, complement, interferons

} Cellular defense mechanisms 

Ɓnatural killer cells neutrophils, macrophages,, mast cells, basophils, 

eosinophils

Neutrophil
NK Cell

Monocyte 
Macrophage

Basophils & 
Mast cells

Eosinophils



Adaptive immunity: Second line of response 

•Based upon resistance acquired during life

•Relies on genetic events and cellular growth

•Responds more slowly, over few days

• Is specific

Ɓeach cell responds to a single antigen

•Has anamnestic memory

Ɓrepeated exposure leads to faster, stronger response

•Leads to clonal expansion



ACQUIRED IMMUNE SYSTEM

The immune system of our body is monitored with the help

WBC called lymphocytes, which circulate between blood and

lymph system. The lymphocytes are of two types :

1. B Cells

2. T Cells

Acquired immune system is of two types:

1. Humoral Immunity

2. Cell-mediated immunity



Difference between B cells and C cells

B Cells T Cells

B cells secrete antibodies, which can
act at distance far away; when
antibodies are present on the surface
of B cells, they are B cell receptors.

T cells act at short range, killing 
target cells; they do not secrete 
antibodies (but secrete interleukins); 
they instead have on their surface T 
cells receptors having homology with 
antibodies.

Can recognize free antigens in the 
circulatory system of the body (not 
necessarily on the cell surface), 
including blood/lymphatic system.

T cells recognize antigens only on 
the cell surface and that too in the 
presence of Major histocompatibility
complex (MHC); they also recognize
micro-organisms and foreign 
extracellular antigens ingested by 
the cell.

B cells recognize intact antigens and 
not their fragments.

T cells recognize peptide fragments 
of antigens that are partially 
degraded inside the cell and carried 
to the cell surface.



HUMORAL IMMUNITY

This system involves the antibodies that get dissolved in

extracellular fluid such as blood plasma, lymph and mucus

secretions. These were formally known as humors.

•In this system, B cells synthesize antibodies causing

agglutination of unwanted antigens.

•These B cells develop from stem cells of bone marrow in

adults and the liver in embryos.

•This system responds mostly against bacteria (and their

toxins) and viruses.

•B cells are able to make a specific antibody for specific

antigen.



•The cell may not be making the antibody continuously but

transformed into an antibody synthesizing cell plasma cell or

Plasmocyte when the antigen comes in contact of B cells.

•These cells while not engaged in active synthesis of antibody,

carry specific antibodies on their surfaces.

•Due to these surface bound antibodies, a specific antigen may

get bound with specific B cells and may thus trigger the

proliferation and modification of that particular B cells.

•The cell responds with repeated cell divisions until a clone of

antibodies synthesizing cells called plasma cell is formed.



•This is an antibody producing cell.

This cell have RER.

•The synthesized immunoglobulins

are localized in the spaces of ER,

forming aggregates termed Russell

bodies.

•Each plasma cell produces one class

of immunoglobulin, which can be of

over 100 million kinds.





•When an animal first encounters an antigen, it produces a

low primary responses, since only few B cells can respond

to antigens.

•The next encounter with the same antigen leads to a far more

rapid and intense response called secondary response,

because many cells are now available for response.

•Due to the first exposure to antigen, not only mature antibody

producing cells are produced, but immature B cells are also

produced, which can respond on a second exposure to the

antigen.

•About 10,000 different antibodies are known to exist in a

human body at a given time.



ANTIGENS

•Also known as immunogens.

•Large organic molecules capable of stimulating the

production of specific antibody.

•The ability of antigen to induce antibody production is known

as antigenecity.

•These are mainly Proteins, Nucleoproteins, Lipoproteins,

Glycoproteins and large polysaccharides

•Antigens are also the components of invading micro-

organisms

•Have molecular weight of 10,000 or more.



•Low molecular weight antigens are known as haptens. An

antigen contains some specific regions which can be identified

by the antibodies known as antigen determinants.

•Many antigens have different types of determinants on their

surface.

•These different determinants are identified by different

antibodies.

•So, it is the immune system that may produce several

antibodies for a single antigen.



HAPTEN

•Low molecular weight antigen is hapten.

•Too small to produce antibody production.

•To induce antibody production it has to attach with a

carrier molecule, usually serum protein.

•hapten and carrier protein both together function as aan

antigen and provoke the immune response.

•Once an antibody formed against the hapten, the later

reacts with antigen independently even in the absence of

a carrier.



ANTIBODY
•Also known as immunoglobulin (Ig).

•These are proteins and Y shaped.

•Single antibody posses atleast two sites known as antigen

binding sites.

•A typical antibody is made up of 4 polypeptide chains, in which

two light chains (220 amino acids) and two heavy chains (440

amino acids).

•Light chains are kappa or lambda.

•Heavy chains are of 5 types viz. Mu (µ), delta, gamma (λ),

epsilon(Ɛ)and alpha(ɑ).

•The light and heavy chains are linked to each other by di-

sulphide bond.



VARIABLE REGION :

•The terminal ends of both the

heavy and light chains are

variable in nature because of

change in amino acid

sequence at ends.

•Two variable regions formed

antigen binding sites.

•So, an antibody has only one

type of binding sites because

in a single antibody has a

single type of light and single

type of heavy chain.

CONSTANT REGION 

•The lower part of Y shaped monomer antibody is called constant

(c) region.

•The stem is called crystallisable fragment (fc) region.

•An antibody attach to its host cell by fc region.





•Belong to the gamma-globulin fraction of 

serum proteins

•Y-shaped or T-shaped polypeptides 

•2 identical heavy chains

•2 identical light chains

•All immunoglobulinsare not antibodies

•Five kinds of antibodies

•IgG, IgM, IgA, IgD, IgE



• 70-75% of total immunoglobulin.

• Secreted in high quantities in secondary

exposures.

• Cross the placenta.

•Major functions / applications.

ƁCan bind to bacteria and viruses and

also neutralize toxins secreted by them.

ƁAfter binding with antigens, enhances

the effectiveness of phagocytic cells to

engulf and digest them.

Ɓactivate the complement

Ɓprotect the newborn

Å4-fold rise or fall 

indicates active 

infection

•A single positive 

sample indicates 

past exposure



•Pentamer structure, 5 –10%,

•Secreted initially during primary 

infection 

•Cannot cross the placenta

•Major functions / applications

Ɓappears first during primary                                      

exposure 

Ɓused as a marker of recent                                   

infection 

•Presence in newborn

means infection

•Single positive sample in

serum indicates recent or

active infection

•Used to detect early

phase of infection

http://en.wikipedia.org/wiki/Image:IgM.png
http://en.wikipedia.org/wiki/Image:IgM.png


•15 % of the total antibody count.

•Present in body secretions like saliva, sweat and in the

lumen of the gastro-intestinal tract and in the respiratory

tract

•Also present in Colostrum

•Major function / application

Ɓneutralizes microbes and toxins

ƁIt checks the attachment of pathogens to mucosal

surfaces and protects the gastrointestinal tract of

infants from infections.



•0.2–1 %

•Major functions / applications

•present on the surface of B lymphocytes

•functions as membrane receptor

•role unclear

•has a role in antigen stimulated lymphocyte

differentiation



Serodiagnosis of 

infectious and non 

infectious allergies

(e.g., allergic 

bronchopulmonary

aspergillosis, 

parasitic diseases)

• 0.002% of total antibody count.

• Little larger than IgG.

• Mediates type I hypersensitivity

• Major functions / applications

Ɓplays a role in immunity to

helminth parasites

ƁIt binds very tightly to receptor cells (mast cell

and basophill cells) with the help of fc region.

ƁMast and basophills are specialized cells that

take part in allergy reactions.

ƁIn highly allergic person, abnormally a high

conc. of IgE is found



IgM

Ɓproduced as a first response to many antigens

Ɓlevels remain high transiently

IgG

Ɓproduced after IgM

Ɓhigher levels persist in small amounts throughout life

Ɓproduced in large amounts during secondary

response

Ɓpersistence of antigen sensitive ‘memorycells’

after primary response



First stimulus
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Primary response

Ɓ production of specific clones of effector T cells and

memory clones

Ɓ develops in several days

Ɓ does not limit the infection

Secondary response

Ɓ more pronounced, faster

Ɓ more effective at limiting the infection

Example - cytotoxic reactions against intracellular parasites,

delayed hypersensitivity (e.g., Tuberculin test) and allograft

rejection



Cell-mediated immune response

1. T-cell

Ɓ recognizes peptide antigen on

macrophage in association

with major histo-compatibility

complex (MHC) class

Ɓ identifies molecules on cell

surfaces

Ɓ helps body distinguish self

from non-self

2. T-cell goes into effectors cells

stage that is able to kill infected

cells



CELL MEDIATED IMMUNITY

•It involves the activation of macrophages, natural killer cell

and antigen specific cytotoxic T - lymphocyte.

•Various kinds of cytokines are released in response to an

antigen.

•It also includes the protective function of immunisation

associated with cells.

•The human immune system has about two trillion

lymphocytes, among which about one trillion are T-cells.

•The T-lymphocytes develop from precursor stem cells in

foetal liver and bone marrow.



•After formation, it differentiated into mature cell types during

residence in thymus.

•Mature T-cells are present in thymus, spleen, lymph nodes,

throughout the skin, other lymphatic organs and in

bloodstream.

•Mature T- lymphocytes are antigen responding, response

control and response mediating cells.



In thymus, T cells undergo with two selection processes

Positive Selection Process : Those T cells which

are with correct set of receptors that can recognize MHC

molecules responsible of self recognition are weed out.

Negative selection Process : T cell that can

recognize MHC molecules complexes with foreign peptides

are allowed to pass out of the thymus.



MAJOR HISTOCOMPATIBILITY COMPLEX 

(MHC)

•Histocompatibility is the property of having the same or

mostly the same alleles of a set of genes called the “major

histocompatibilitycomplexò.

•These genes are expressed in most tissues as antigens to

which the immune system makes antibodies.

•The MHC is large cluster of genes found on the short arm of

chromosome 6 in humans.

•The complex consists of 4 billion bp of DNA and posses 128

genes.



•All the genes of this complex play important roles in immune

system.

•MCH is divided into the class I, II and III regions, each

contains group of genes of related functions.

•Due to the co-dominance of MHC alleles and the extreme

polymorphism of the MHC genes, a great number of variant

molecules is seen on the cells of one individual and

throughout the whole population.



S.

N.

CLASS I MHC CLASS II MHC

1. Found in all nucleated 

cells. 

Found on specialized 

cells (B cell, thymus 

cell).

2. Involved in binding 

peptide fragments 

from intracellular 

antigen(virus).

Involved in binding 

extracellular or 

endocytosed peptide 

fragments.

3. presenting the cells to 

cytotoxic T cell.

presenting them to 

helper T cell.



TYPES OF T CELLS 

Mainly three types of T cells are present :

1. Cytotoxic T lymphocytes :

It is also known as CTLs and killer T cells.

These cells kill the cell that is infected with a virus or

any other type of antigen.

These cells produce cytolysins like guns and missiles.

These are trained to recognize one specific enemy.

The chemical secreted by the Cytotoxic T cell

punctures the cell membrane of infected cells and

destroys it before invaded virus can multiply.



2. Helper T cell :

• It is the T cell that first detect antigen.

• Also named as T4 cells.

• Carry no weapons but send chemical signals.

• These chemical signals stimulate the response of

other cells like macrophages, B cells and CTLs.

3.  Suppressor T8 cell :

Inhibits secretion of injurious substances by CTLs

and inhibits antibody production by plasma cell.



• Immune response helps individuals defend against 

Ɓmicrobes 

Ɓsome cancers

• Immune response can fail

Ɓhypersensitivity reactions

Ɓimmunodeficiency  



•Cause cell damage through excessive immune response 

to antigens

•Hypersensitivity 

•overreaction to infectious agents

•Allergy

•overreaction to environmental substances

•Autoimmunity

•overreaction to self



}Loss or inadequate function of various components of the

immune system

}Can occur in any part or state of the immune system

Ɓphysical barrier, phagocytes, B lymphocytes, T

lymphocytes, complement, natural killer cells

}The immuno-compromised host

Ɓhas an impaired function of immune system

Ɓis at high risk of infection



}Congenital (primary) immunodeficiency

Ɓgenetic abnormality

¶defect in lymphocyte maturation

}Acquired (secondary) immunodeficiency

Ɓresults from infections, nutritional deficiencies or 

treatments

¶AIDS, chronic leukemia



Disorder Compromised function

Altered anatomic 

barrier

Mucus 

membrane

Reduction in IgA Microbe binding

Gastro-intestinal 

tract

Elevated pH Bacteria killing

Change in flora Colonization resistance

Immune system Innate immunity Reduction of complement Activates phagocytosis

Opsonization of bacteria

Membrane attack complex

Neutropenia

Monocytopenia

Phagocytosis

Bacteria killing

Adaptive 

immunity

Reduction of T cells Activation of macrophages

Activation of B 

lymphocytes

Hypo-

gammaglobulinemia

Neutralizes pathogens and 

toxins, opsonization, 

complement activation  



} Innate immunity 

Ɓrelies on mechanisms already existing before microbe infects host 

Ɓis the first line of defense 

Ɓhas no memory for subsequent exposure

Ɓrelies on non specific mechanisms

} Adaptive immunity 

Ɓdevelops following entry of microbe into the host

Ɓcomes into action after innate immunity fails to get rid of microbe

Ɓhas memory to deal with subsequent exposure

Ɓhappens through specific cells

¶T cells (cell mediated) 

¶B cells (antibody mediated)



} Primary immune response 

Ɓshort lasting

Ɓsmaller in magnitude

} Secondary immune response 

Ɓlonger in duration 

Ɓlarger in magnitude 

¶develop  ‘memory cells’ following primary response

} Failure of immune response can result in:

Ɓhypersensitivity 

Ɓimmunodeficiency


