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Subject Incharge : Dr.R.Mangalanayaki

Unit I: Immune System

History of Immunology- Types of Immunity - Innate and Acquired. Humoral and Cell
mediated immunity. Central and peripheral lymphoid organs - Thymus, bone marrow, spleen,
lymph nodes and other peripheral lymphoid tissues, GALT. Haematopoiesis, cell of the immune
system,  Lymphocytes,  mononuclear  phagocytes  -  dendritic  cells,  granulocytes,  NK cells  and
mast cells, cytokines.

Introduction about Immunology

Immunology is the study of the immune system and is a very important branch of the
medical and biological sciences. The immune system protects us from infection through various
lines of defence. It is resistance of living organisms to infection of microorganisms.

It deals with the study of processes by which the body defends itself from the ivasion and
attack of foreign organisms.

History of Immunology

Through this branch is quite young, history shows its origin even about 2,500 years back.

1. Thucididas (430 B.C)

Thucididas in Athens pointed out that the people who wee once attacked by the plague
could  not  get  the  fear  of  the  second  attack  of  the  disease.  This  understaing  later  laid  the
foundation for the phenomenon of immunity.

2.Edward Jenner (1749-1823)

Edward  Jenner,  an  englishphysician  who  had  suffered  the  pain  of  variolation  at  his
younger age, developed a scientific and far safer method to smallpox immunisation. His work is
based  on  his  observation  on  milk  maids  mainly,  those  who  often  contracted  compox  were
remarkable resistant to smallpox.



In 1786, Jenner inoculated a boy with materal got from the lesions of a milk maid, who
was attacked by cowpos. After some weeks, the boy was agin inoculated with infectious pus
taken from a patient suffering from small pox, but the boy did not det the disease. This made him
conclude that this porcess of inoculation leads to immunity against small pox.

Later it was Louid Psteur who coined the term vaccine for such process of prophylaxis in
honour of Edward Jenner who prepared the firse vaccine from Cowpox.

The  process  of  vaccination  was  introduced  by  Jenner  and  according  to  the  WHO
Jennerian vaccination has eliminated small pox totally from the human population.

Louis Pasteur (1822-1895)

1. Louis Pasteur is a fater of French chemist

2. He is the father of Immunology

3. He worked on the common diseases such as pebrine anthrax,  chicken cholera and
rabies

4.The most interesting of Psteur's work was the produciton of vaccine for rabies.  He
injected the spinal cord extracts from rabid dogs in the normal healthy rabbits. From rabbits hese
extracts  were  prepared  from  the  infected  spinal  cords  and  dried  for  several  days  at  room
temperature. From these extracts, which contained the attenuated viurses, the rabies vaccine was
prepared

Metchnikoff (1845-1916)

Metchnikoff is the Russian Zoologist

1. He discovered the improtance of cell in immunity and phagocytosis

2. While observing the transparent starfish larvae. He could see some motile cells which
he thought might be protective in a digestive way and he called these cells the phagocytes. 

3. He also suggested that inflammaton might be a protective rather than a destructive
process

4.  In  1908  Metchnikoff  shared  a  Nobel  prize  with  Ehrlich  for  his  contributions  to
immunity. His work on phagocytic cells forms the basis of cellular immunity

George Nuttal (1888)

George Nattal an American bacteriologist found out in 1888, that defibrinated blood was
bactericidal in itself. Showing the presence of a serum substance in blood which killed bacteria.



Pfeiffer (1894)

Pfeiffer in 1894 reported that when cholera bacilli were injected into the peritoneal cavity
of immune guinea pigs. The bacilli were destroyed by the peritoneal fluids and immune serum,
showing the action of antibodies.

Emil Von Behring (1854-1917)

The greatest  support for humoral  theory came from the studies of Behring a  german
bacteriologist.  In  1890,  he  showed  that  it  was  possible  to  provide  an  animal  with  passive
immunity  against  tetnus  or  lackjaw  by  injecting  into  it  the  blood  serum of  another  animal
infected with tetanus.

Almroth Wright (1891-1947)

He was a British bacteriologist

In 1903, he discovered that neither the cellular theory.

He  also  introduced  Antityphoid  inoculation  and  has  also  done  much  work  on  the
preparation of vaccines.

Emile Roux (1853-1933)

He was a French bacteriologist.

He developed the Diphtheria immunisation and antiserum theraphy

Charles Richet (1850-1935)

He was a French Physiologist  and he awared a Nobel prize in 1913 for his work on
anaphylaxis.

He work on hypersensitivity reaction also.

Joules Bordet (1870-1961)

He showed that the human blood normally contains a group of heat labile substances
which are strongly bactericidial when antibody is present

He also studied the formation of anaphylactic poisons and coagulin.

Paul Ehrlich (1854-1915)

He discovered the occurrence of the time lag after antigen injections befor antibody was
formed

He formulated a theory of antibody formation in 900 known as the side chain hypothesis



He also discover the special type of cells known as Mast cells .

Rober Koch (1843-1910)

Koch a german physician and pathologist who awarded the nobel prize in 1905 for his
research on tuberculosis

He identified the causative agent of tuberculosis namely Mycobacterium tuberculosis

He also identified the causative agent of Cholera is called Vibrio cholerae in 1883

He  also  studied  the  life  cycle  of  antrax  bacillus  and  also  introduced  the  staining
techniques

Alexander Fleming (1881-1995)

Fleming discovered the antibiotic lysozyme

He also discovered antibacterial substrance namely Pencillin

Issacs and Lindenmann (1957)

He discovered the Interferons in 1957. The antigenic nonspecificity of interferons is an
important difference between interferons and antibodies.

Karl Landsteiner (1868-1943)

Discovered the four primaly blood groups in man namely A, B, O and AB. For which he
was awarded the nobel prize in 1901.

He  coined  the  term Hapten  in  1921  to  refer  to  small  chemical  groups  that  become
immunogenic onlu when added a carrier molecule.

In 1940 Landsteiner and Weiner discovered the Rh antigen system

Rodney R. Proter (1917-1985)

Rodney  R.  Porter  and  Gerald  M.  Edelman  receive  Nobel  prize  in  1972  for  their
fundamental studies in the chemistry of immunoglobulins.

Immunity - Definition



Immunity is defined as the resistance to infection. This carried out by the process of recognition
anddisposal of non - self or foreign material that enters the body. Immunity is the ability of the
body to protect  against  all  types of foreign bodies  like bacteria,  virus,  toxic  substances,  etc.
which enter the body. Immunity is also called disease resistance. The lack of immunity is known
as susceptibility.

Types of Immunity

There  are  two  major  types  of  immunity:  innate  or  natural  or  nonspecific  and  acquired  or
adaptive.

Innate Immunity

• Innate or Natural or Nonspecific Immunity (L. innatus = inborn):

Innate  immunity  is  inherited  by  the  organism  from  the  parents  and  protects  it  from  birth
throughout life. For example humans have innate immunity against distemper, a fatal disease of
dogs.

As its  name nonspecific  suggests that  it  lacks  specific  responses to specific  invaders.  Innate
immunity or nonspecific immunity is well done by providing different barriers to the entry of the
foreign agents into our body.

 Innate  immunity  consists  of  four  types  of  barriers—  physical,  physiological,  cellular  and
cytokine barriers.

• Physical Barriers:

They are mechanical barriers to many microbial pathogens. These are of two types. Skin and
mucous membrane.Skin:



The skin is physical barrier of body. Its outer tough layer, the stratum corneum prevents the entry
of bacteria and viruses.

(b) Mucous Membranes:

Mucus  secreted  by  mucous  membrane  traps  the  microorganisms  and  immobilises  them.
Microorganisms and dust particles can enter the respiratory tract with air during breathing which
are  trapped in the  mucus.  The cilia  sweep the mucus  loaded with  microorganisms and dust
particles  into  the  pharynx  (throat).  From  the  pharynx  it  is  thrown  out  or  swallowed  for
elimination with the faeces.

2. Physiological Barriers:

The skin and mucous membranes secrete certain chemicals which dispose off the pathogens from
the body. Body temperature, Ph of the body fluids and various body secretions prevent growth of
many disease causing microorganisms. Some of the important examples of physiological barriers
are as follows:

(a) Acid of the stomach kills most ingested microorganisms,

(b) Bile does not allow growth of microorganisms,



(c) Lysozyme is present in tissue fluids and in almost all secretions except in cerebrospinal fluid,
sweat and urine. Lysozyme is in good quantity in tears from eyes. Lysozyme attacks bacteria and
dissolves their cell walls. Lysoenzyme is also found in saliva,

(e) Nasal Hair. They filter out microbes and dust in nose,

(f) Urine. It washes microbes from urethra,

(g)  Vaginal  Secretions.  It  is  slightly  acidic  which  discourages  bacterial  growth  and  flush
microbes out of vagina,

(h) Sebum (sweat). It forms a protective acid film over the skin surface that inhibits growth of
many microbes.

3. Cellular Barriers:

These  are  certain  white  blood  corpuscles  (leucocytes),  macrophages,  natural  killer  cells,
complement system, inflammation, fever, antimicrobial substances, etc.

Certain Leucocytes:

Neutrophils and monocytes are major phagocytic leucocytes.

(a) Polymorpho-nuclear Leucocytes (PMNL- neutrophils):

As  they  have  multilobed  nucleus  they  are  normally  called  polymorphonuclear  leucocytes
(PMNL-neu-  trophils).  Neutrophils  are  short  lived  and are  highly  motile  phagocytic  killers.
Neutrophils are formed from stem cells in the bone marrow. Neutrophils are the most numerous
of  all  leucocytes.  They  die  after  a  few  days  and  must  therefore,  be  constantly  replaced.
Neutrophils constitute about 40% to 75% of the blood leucocytes in humans.

(b) Monocytes:

They are the largest of all types of leucocytes and somewhat amoeboid in shape. They have clear
cytoplasm (without  cytoplasmic granules).  The nucleus is  bean-shaped. Monocytes constitute
about  2-10% of  the  blood leucocytes.  They are  motile  and phagocytic  in  nature  and engulf
bacteria and cellular debris. Their life span is about 10 to 20 hours. Generally they change into
macrophages after entering tissue spaces.

(i) Macrophages:

Monocytes circulate in the bloodstream for about 8 hours, during which time they enlarge and
then migrate into the tissues and differentiate into specific tissue macrophages. Macrophages are
long lived and are highly motile phagocytic.



Macrophages contain more cell organelles especially lysosomes. Macrophages are of two types,
(a) Some take up residence in particular tissues becoming fixed macroph- ages and (b) whereas
other remain motile and are called wandering macrophages. Wandering macrophages move by
amoeboid  movement  throughout  the  tissues.  Fixed macrophages  serve  different  functions  in
different tissues and are named to reflect their tissue location. 

Process of phagocytosis

i. Pulmonary alveolar macrophages in the lung

ii. Histiocytes in connective tissues

iii. Kupffer cells in the liver

iv. Glomerular Mesangial cells in the kidney

v. Microglial cells in the brain

vi. Osteoclasts in bone

(ii) Natural Killer Cells (NK Cells):

Besides the phagocytes, there are natural killer cells in the body which are a type of lymphocytes
and are present in the spleen, lymph nodes and red bone marrow. NK cells do not have antigen
receptors like T cells and В cells. NK cells cause cellular destruction in at least two ways:

(a)  NK  cells  produce  perforins  which  are  chemicals  that  when  inserted  into  the  plasma
membrane of a microbe make so weak that cytolysis (breakdown of cells particularly their outer
membrane) occurs and creates pores in the plasma membrane of the target cells. These pores
allow entry of water into the target cells, which then swell and burst. Cellular remains are eaten
by phagocytes.

(b) Another function of NK cells is apoptosis which means natural cell death. It occurs naturally
as part of the normal development, maintenance and renewal of cells, tissues and organs.



Thus functions  of  NK cells  are  to  destroy  target  cells  by cytolysis  and apoptosis.  NK cells
constitute 5%-10% of the peripheral blood lymphocytes in humans.

(iii) Complement 

Complement is a group of 20 proteins, many of which are enzyme precursors and are produced
by the liver. These proteins are present in the serum of the blood (the fluid portion of the blood
excluding cells and clotting factors) and on plasma membranes. They are found circulating in the
blood plasma and within tissues throughout the body. They were named complement by Ehrlich
because they complement the actions of other components of the immune system (e.g., action of
antibody on antigen) in the fight against infection. Jules Bordet is the discoverer of complement.

Complement proteins create pores in the plasma membrane of the microbes. Water enters the
microbes. The latter burst and die. The proteins of complement system destroy microbes by (i)
cytolysis (ii) inflammation and (iii) phagocytosis. These proteins also prevent excessive damage
of the host tissues.

(iv) Inflammation:

Inflammation is a defensive response of the body to tissue damage. The conditions that may
produce inflammation are pathogens, abrasions (scraping off) chemical irritations, distortion or
disturbances of cells, and extreme temperatures. The signs and symptoms of inflammation are
redness, pain, heat and swelling.

Inflammation can also cause the loss of function in the injured area, depending on the site and
extent  of  the  injury.  Inflammation  is  an  attempt  to  dispose  of  microbes,  toxins,  or  foreign
material at the site of injury to prevent their spread to other tissues, and to prepare the site for
tissue repair. Thus, it helps restore tissue homeostasis.

Broken mast cells release histamine. Histamine causes dilation of capillaries and small blood
vessels. As a result more blood flows to that area making it red and warm and fluid (plasma)
takes  out  into  the  tissue  spaces  causing  its  swelling.  This  reaction  of  the  body  is  called
inflammatory response.

(v) Fever:

Fever may be brought about by toxins produced by pathogens and a protein called endogenous
pyrogen (fever producing substance), released by macrophages. When enough pyrogens reach
the brain, the body’s thermostat is reset to a higher temperature, allowing the temperature of the
entire body to rise.

Mild fever strengthens the defence mechanism by activating the phagocytes and by inhibiting the
growth of microbes. A very high temperature may prove dangerous. It must be quickly brought
down by giving antipyretics.



Cytokine Barriers:

Cytokines  (Chemical  messengers  of  immune  cells)  are  low  molecular  weight  proteins  that
stimulate  or  inhibit  the  differentiation,  proliferation  or  function  of  immune  cells.  They  are
involved in the cell to cell communication. Kinds of cytokines include interleukins produced by
leucocytes,  lymphocytes  produced  by  lymphocytes,  tumour  necrosis  factor  and  interferon’s
(IFNs). Interferon’s protect against viral infection of cells.

Acquired Immunity

Acquired  Immunity. Immunity that  develops  during  a  person's  lifetime. There are
two types of acquired immunity: active immunity and passive immunity.

Types of Acquired Immunity

There are two types of acquired Immunity 

Active Acquired Immunigy

Passive  acquired immunity.

1. Active Immunity:

Adaptive immunity that is induced by natural exposure to a pathogen or by vaccination.

Active immunity involves the synthesis of specific abtibodies or production of immunologically
active cell.

Humoral Immunity

Immunity mediated by antibodies prodiced in body fluids such as plasma or lumph is
known as humoral immunity.

Cell mediated Immunity

The immunity produced by the sensitised lymphocytes is called cell mediated immunity.
Here antibodies are not produced. The sensitized lymphocyes reacts with the specific antigens
and bring about the cytotoxic effects resulting in the lysis of the microbial antigen.

It can be categorized into two types:

Naturally acquired active immunity:

Active  immunity  is  acquired  through  continuing,  subclinical  infections,  caused  by
bacteria  and viruses,  which  largely  remain  unnoticed  and which  is  more  advantageous  than
passive immunity.



Artificially acquired active immunity:

This type of immunity is usually obtained through vaccination or through administration
of  toxoids.  Vaccines  are  killed  or  live  attenuated  microorganisms,  whereas  the  toxoids  are
preparations  of  toxins,  which  have  been  inactivated  by  certain  clinical  treatments  or
modifications so as to make them non-toxic in nature.

Live vaccine (Attenuated)

In this preparation live microorganisms are attenuated by different methods. Attenuation
results  in  the  loss  of  pathogenicity  without  the  loss  of  antigenicity  of  the  microorganisms.
Examples : Antharx Vaccine, BCG (Bacille Calmette -Guerin), Sabin vaccine for poliomyelitis,
Measles Vaccine

Killed Vaccine

In  this  vaccine  microorganisms  are  killed  in  the  virulent  phage  either  by  heat  or
antiseptics,  while  killing  care  is  takne  not  to  denature  the  antigen  excessive  heat  or  strong
detergents. Examples : Slak vaccine for Poliomyelitis,  Influenza viral Vaccine,  TAB vaccine,
Pertussis vaccine.

Toxoid:  Toxoids  are preparation  of toxins inactived  by formalin.  They retain  the pathogenic
potency  and  thus  like  toxins  can  induce  antitoxin  formation.  Examples:  Tetanus  toxoid,
Diphtheria toxoid, Triple vaccine (DPT)

2. Passive Immunity:

Adaptive  immunity  is  conferred  by  the  transfer  of  immune  products,  such  as  antibody  or
sensitized T-cells, from an immune individual to non immune one.

It is of two types:

Naturally acquired passive immunity:

This can be acquired through trans-placental transfer of immunoglobulins (IgG) from mother to
the foetus. This immunity lasts for about six months after birth. These antibodies of maternal
origin protect the foetus and the infant from diptheria, streptococci, tetanus, rubella, mumps, and
polio virus through passive immunity.

The secretory immunoglobulin (IgA) present in the mother’s milk provides local immunity in the
gastrointestinal tract of the sucking infants. Moreover human colostrums are rich in macrophages
and lymphocytes (T-cells) which can survive in the intestine of the suckling infant for sometime,
and thus can transfer cell mediated immunity.

Artificially acquired passive immunity:



It is achieved by administering specific antibodies or antiserum from one individual to another
unimmunized individual, for a particular antigen. Routine passive immunization is done against
different  diseases like tetanus,  botulinum, diptheria,  hepatitis,  measles and rabies.  Antibodies
against a microbe or its antigen or toxin can be raised in a suitable animal through repeated
injection of suitable antigen.

Artificial passive immunity is brought about by using anyone of the following sera:

1. Hyperimmune serum

This is the oldest and comonest methods. In this method active hyperimmunisation of an
animal is done.

2. Convalescent serum

Serum colected from persons recovering from a particular infectious disease contain high
amount of antiboids for the specific antigen causing that particular disease.

3. Pooled sea from different healthy individual

Sera  of  healthy  adults  contain  antibodies  against  the  infectious  microorganisms
commonly prevalent in that community.

Combined immunization

A  combination  of  bothe  acitive  and  passive  mehtods  of  immunization  employed
simultaneously is known as combined immunization. This method is used in cases of emergency
when immediated protection is needed.

Adoptive immunity

This is a type of passive immunity produced by injecting immunologically competent
lymphocytes  and  not  by  injectivng  antibodies.  This  methods  is  adopted  in  the  treatment  of
tuberculosis and leprosy.

Humoral Immunity

Humoral immunity or humoural immunity is the aspect of immunity that is mediated by
macromolecules found in extracellular fluids such as secreted antibodies, complement proteins,
and  certain  antimicrobial  peptides.  Humoral  immunity  is  so  named  because  it  involves
substances found in the humors, or body fluids. It contrasts with cell-mediated immunity. Its
aspects involving antibodies are often called antibody-mediated immunity.

The  study  of  the  molecular  and  cellular  components  that  form the  immune  system,
including  their  function  and interaction,  is  the  central  science  of  immunology.  The immune



system is divided into a more primitive innate immune system, and acquired or adaptive immune
system of vertebrates, each of which contains humoral and cellular components.

Humoral  immunity  refers  to  antibody  production  and  the  accessory  processes  that
accompany it, including: The activation and cytokine production, germinal center formation and
isotype switching, affinity maturation and memory cell generation. It also refers to the effector
functions of antibodies, which include pathogen and toxin neutralization, classical complement
activation, and opsonin promotion of phagocytosis and pathogen elimination.

Mechanism

In humoral immune response, first the B cells mature in the bone marrow and gain B-cell
receptors (BCR's) which are displayed in large number on the cell surface. These membrane-
bound protein complexes have antibodies which are specific for antigen detection. Each B cell
has a unique antibody that binds with an antigen.  The mature B cells migrate from the bone
marrow to the lymph nodes or other lymphatic organs, where they begin to encounter pathogens.

B cell activation

When a B cell encounters an antigen, the antigen is bound to the receptor and taken inside the B
cell  by endocytosis.  The antigen is processed and presented on the B cell's  surface again by
MHC-II proteins.

B cell proliferation

The B cell waits for a helper T cell (TH) to bind to the complex. This binding will activate the
TH cell, which then releases cytokines that induce B cells to divide rapidly, making thousands of
identical clones of the B cell. These daughter cells either become plasma cells or memory cells.
The memory B cells remain inactive here; later when these memory B cells encounter the same
antigen due to reinfection, they divide and form plasma cells. On the other hand, the plasma cells
produce a large number of antibodies which are released free into the circulatory system.

Antibody-antigen reaction

Now  these  antibodies  will  encounter  antigens  and  bind  with  them.  This  will  either
interfere with the chemical interaction between host and foreign cells, or they may form bridges
between their  antigenic sites hindering their  proper functioning, or their  presence will  attract
macrophages or killer cells to attack and phagocytose them.

Cell - Mediated Immunity

Cell-mediated immunity is an immune response that does not involve antibodies. Rather, cell-
mediated immunity is the activation of phagocytes, antigen-specific cytotoxic T-lymphocytes,
and the release of various cytokines in response to antigen. Historically, the immune system was
separated  into  two  branches:  humoral  immunity,  for  which  the  protective  function  of



immunization  could  be  found  in  the  humor  (cell-free  bodily  fluid  or  serum)  and  cellular
immunity,  for which the protective function of immunization was associated with cells. CD4
cells or helper T cells provide protection against different pathogens. Naive T cells, which are
immature T cells that have yet to encounter an antigen, are converted into activated effector T
cells  after  encountering  antigen-presenting  cells  (APCs).  These APCs, such as macrophages,
dendritic cells, and B cells in some circumstances, load antigenic peptides onto the MHC of the
cell, in turn presenting the peptide to receptors on T cells. The most important of these APCs are
highly specialized dendritic cells; conceivably operating solely to ingest and present antigens. 

Activated Effector T cells can be placed into three functioning classes, detecting peptide
antigens originating from various types of pathogen: 

 1) Cytotoxic T cells, which kill infected target cells by apoptosis without using cytokines,

 2) TH1 cells, which primarily function to activate macrophages, 

3) TH2 cells, which primarily function to stimulate B cells into producing antibodies.

The innate immune system and the adaptive immune system each comprise both humoral and
cell-mediated components.

Cellular immunity protects the body through:

1. T-cell mediated immunity or T-cell immunity: activating antigen-specific cytotoxic T cells
that are able to induce apoptosis in body cells displaying epitopes of foreign antigen on their
surface, such as virus-infected cells, cells with intracellular bacteria, and cancer cells displaying
tumor antigens;

2.  Macrophage  and  natural  killer  cell  action:  enabling  the  destruction  of  pathogens  via
recognition and secretion of cytotoxic granules (for natural killer cells) and phagocytosis (for
macrophages)

3. Stimulating cells to secrete a variety of cytokines that influence the function of other cells
involved in adaptive immune responses and innate immune responses.

Cell-mediated immunity is directed primarily at microbes that survive in phagocytes and
microbes that infect non-phagocytic cells. It is most effective in removing virus-infected cells,
but also participates in defending against fungi, protozoans, cancers, and intracellular bacteria. It
also plays a major role in transplant rejection.

Lymphoid organ

Introduction:



The organs concerned with immune reactions are called lymphoid organs. They contain
lymphoid  cells  (lymphocytes).  The  lymphoid  organs  and  the  lymphoid  cells  constitute  the
lymphoid system. The lymphoid organs are of two types. They are:

1. Primary Lymphoid organs (Central)

2. Secondary lymphoid organs (Peripheral)

Central Lymphoid organ

Primary lymphoid organs are the major site of Lymphopoiesis. Here the lymphoid stem
cells proliferate, differentiate and mature into iunocompetent cells in the absence of antigenic
stimulation. The thymus, the bursa of fabricius in birds and bone marrow in mammals are the
primary lymphoid organs.

The primary lymphoid organs are large at birth and they atrophy with age.

Primary Lymphoid Organ

Thymus

Thymus is a primary lyphoid organ. In mammals, the thymus is a pharyngeal derivative
arising from the epithelium of the 3rd and 4th pharyngeal pouches at about the 6th week of
gestation.

After  birth,  with  the  growth  of  the  animal  it  also  increase  in  size  and  reaches  its
maximum size at puberty. Then it gradually decreases in size and becomes almost invisible in the
adult stage.



In human being, the thymus occurs as two oval lobes just behind the top of the sternum,
below the thyroid gland. In birds it is made up of 7 lobes on each side of the neck.

At the time of birth, it  weighs about 15 to 20 gms and increase in size after birth. It
reaches about 40gms in weight by puberty and therafter it slowly atrophies. In the adult is really
very hard to distinguish it from the fat in which normally embedded.

Structure of Thymus:

The thymus is covered by fibrous capsule. It is formed of two lobes. Each lobe of the
thymus  is  organised  into  lobules  which  are  separted  from  one  another  by  septae  called
trabeculae. Within  each  lobule,  the  cells  are  arranged  into  an  outer  cortex  and  an  inner

medulla.  

Cortex:

The cortex is tightly packed with proliferating immature lymphocytes while the medulla
contains more mature cells. As the cells mature, they move from the cortex to the medulla.

The cortex consists of
lymphoctes (thymocytes) and reticular cells. The reticular cells are large than lymphocytes and
they form a three dimensional network and in the meshes of which the lymphocytes are found.
The lymphocytes multiply rapidly and form thymic lymphocytes (T lymphocytes) which cause
the cell  mediate  immunity.  The surface of T lymphocytes  contain thy.I  antigen  a distinctive
surace marker antigen.

Medulla:

The  medulla  consists  fo  vascular  structure  ,  reticular  epithelial  cells  and  scattered
lymphocytes. The reticular cells are relatively more in number than the lymphocytes. There are



also some interdigitating cells associated with the epithelial network and these cells are rich in
MHC class II antigen.

The T lymphocytes are non functional when they are inside the thymus, as they do not
come in contact  with the antigen.  The non execution of the immune response is  due to  the
epithelial  barrier  which prevents the antigens of the blood to contact the lymphocytes of the
thymus. These non functional lymphocytes travel through the blood and lymphatic circulation
and ultimately  reach the thymus dependent  areas  of  the peripheral  lymphoid  organs  and get
colonize there. In these organs, T lymphocyes become functional by antigenic stimulation.

Functions of Thymus:

1.  The  thymus  provides  an  inductive  environment  for  the  development  of  T  cells  from
hematopoietic progenitor cells. 

2. In addition, thymic stromal cells allow for the selection of a functional and self-tolerant T cell
repertoire.

 3. Therefore, one of the most important roles of the thymus is the induction of central tolerance.

Thymectomy

A  thymectomy  is  an  operation  to  remove  the  thymus.  It  usually  results  in  remission  of
myasthenia gravis with the help of medication including steroids. However, this remission may
not be permanent. Thymectomy is indicated when thymoma are present in the thymus. Anecdotal
evidence  suggests  MG  patients  with  no  evidence  of  thymoma  may  still  benefit  from
thymectomy,  thus  the  procedure  is  (unless  and  until  a  much-discussed  clinical  survey  ever
reaches a contraindicatory conclusion) commonly prescribed.

Bone Marrow

The  production  of  blood  cells  in  bone  marrow  begins  roughly  4-5  months  after
conception.  Stem  cells  immigrate  from  the  liver  into  the  bone  marrow,  where  the
"microenvironment"  is  decisive  for  the  development  of  stem  cells.  This  stroma  consists  of
endothelial  cells,  fat  cells,  osteoblasts  and  fibrocytes.  Here,  among  others,  mature  the  B
lymphocytes.



Macrophages also colonize the stroma, but they stem from hematopoietic stem cells. This
creates an environment that, according to need, stimulates the proliferation and differentiation of
the precursor cells. As soon as these cells are mature they proceed through the openings in the
sinusoids from the bone marrow into the blood stream.

Secondary Lymphod Organ

Lymph Node

A lymph node,  or  lymph gland is  a  kidney-shaped organ of  the  lymphatic  system,  and the
adaptive immune system. A large number of lymph nodes are linked throughout the body by the
lymphatic vessels. They are major sites of lymphocytes that include B and T cells. Lymph nodes
are important  for  the proper  functioning of  the immune system,  acting as  filters  for  foreign
particles including cancer cells, but have no detoxification function.



In the lymphatic system a lymph node is a secondary lymphoid organ. A lymph node is
enclosed in a fibrous capsule and is made up of an outer cortex and an inner medulla.

Lymph nodes become inflamed or enlarged in various diseases, which may range from
trivial  throat  infections  to  life-threatening  cancers.  The  condition  of  lymph  nodes  is  very
important  in  cancer  staging,  which  decides  the  treatment  to  be  used  and  determines  the
prognosis. Lymphadenopathy refers to glands that are enlarged or swollen. When inflamed or
enlarged, lymph nodes can be firm or tender.

Structure

Lymph nodes are kidney or oval shaped and range in size from 0.1 to 2.5 cm long. Each
lymph node is surrounded by a fibrous capsule,  which extends inside a lymph node to form
trabeculae.The substance of a lymph node is divided into the outer cortex and the inner medulla.
These are rich with cells. The hilum is an indent on the concave surface of the lymph node where
lymphatic vessels leave and blood vessels enter and leave.

Lymph enters  the  convex side  of  a  lymph node through  multiple  afferent  lymphatic
vessels and from here flows into a series of sinuses. After entering the lymph node from afferent
lymphatic vessels, lymph flows into a space underneath the capsule called the subcapsular sinus,
then into cortical sinuses. After passing through the cortex, lymph then collects in medullary
sinuses. All of these sinuses drain into the efferent lymph vessels to exit the node at the hilum on
the concave side.



Location

Lymph nodes are present throughout the body, are more concentrated near and within the trunk,
and are divided into groups. There are about 450 lymph nodes in the adult. Some lymph nodes
can be felt when enlarged (and occasionally when not), such as the axillary lymph nodes under
the arm, the cervical lymph nodes of the head and neck and the inguinal lymph nodes near the
groin crease. Most lymph nodes lie within the trunk adjacent to other major structures in the
body - such as the paraaortic lymph nodes and the tracheobronchial lymph nodes.

Functions

The B cells migrate to the nodular cortex and medulla.

The T cells migrate to the deep cortex. This is a region of a lymph node called the paracortex that
immediately surrounds the medulla. 

Spleen

The spleen is an organ found in virtually all vertebrates. Similar in structure to a large
lymph node, it acts primarily as a blood filter. The spleen plays important roles in regard to red
blood cells (erythrocytes) and the immune system. It removes old red blood cells and holds a
reserve of blood, which can be valuable in case of hemorrhagic shock, and also recycles iron. As
a part of the mononuclear phagocyte system, it metabolizes hemoglobin removed from senescent
red blood cells (erythrocytes). The globin portion of hemoglobin is degraded to its constitutive
amino acids, and the heme portion is metabolized to bilirubin, which is removed in the liver.

       The spleen synthesizes antibodies in its white pulp and removes antibody-coated bacteria
and antibody-coated blood cells by way of blood and lymph node circulation. These monocytes,
upon moving to injured tissue (such as the heart after myocardial infarction), turn into dendritic
cells and macrophages while promoting tissue healing.The spleen is a center of activity of the
mononuclear phagocyte system and is analogous to a large lymph node, as its absence causes a
predisposition to certain infections. In humans the spleen is purple in color and is in the left
upper quadrant of the abdomen.



Anatomy

The spleen is underneath the left part of the diaphragm, and has a smooth, convex surface that
faces the diaphragm. It is underneath the ninth, tenth, and eleventh ribs. The other side of the
spleen is divided by a ridge into two regions: an anterior gastric portion, and a posterior renal
portion. The gastric surface is directed forward, upward, and toward the middle, is broad and
concave, and is in contact with the posterior wall of the stomach. Below this it is in contact with
the tail of the pancreas. The renal surface is directed medialward and downward. It is somewhat
flattened, considerably narrower than the gastric surface, and is in relation with the upper part of
the anterior surface of the left kidney and occasionally with the left adrenal gland.

 Structure and functions of spleen

Spleen, organ of the lymphatic system located in the left side of the abdominal cavity under the
diaphragm, the muscular partition between the abdomen and the chest. In humans it is about the
size of a fist and is well supplied with blood. As the lymph nodes are filters for the lymphatic
circulation, the spleen is the primary filtering element for the blood. The organ also plays an
important  role  in  storing  and  releasing  certain  types  of  immune  cells  that  mediate  tissue
inflammation.

The spleen is encased in a thick connective-tissue capsule. Inside, the mass of splenic tissue is of
two types, the red pulp and the white pulp, which do not separate into regions but intermingle
and  are  distributed  throughout  the  spleen.  The  white  pulp  is  lymphoid  tissue  that  usually
surrounds splenic blood vessels. The red pulp is a network of splenic cords (cords of Billroth)
and sinusoids (wide vessels) filled with blood, and it is in the red pulp that most of the filtration
occurs.

The  white  pulp  of  the  spleen  contains  typical  lymphoid  elements,  such  as  plasma  cells,
lymphocytes, and lymphatic nodules, called follicles in the spleen. Germinal centres in the white
pulp serve as the sites of lymphocyte production. Similar to the lymph nodes, the spleen reacts to
microorganisms and other antigens that reach the bloodstream by releasing special phagocytic



cells known as macrophages. Splenic macrophages reside in both red and white pulp, and they
serve to remove foreign material from the blood and to initiate an immune reaction that results in
the production of antibodies.

The splenic cords in the red pulp in the spleen serve as important reservoirs for large quantities
of macrophages and other phagocytic white blood cells called monocytes. Studies have shown
that upon severe tissue injury, such as that sustained during a heart attack, the spleen releases a
legion of monocytes, which then travel through the bloodstream to the site of injury. There they
serve to regulate inflammation and to facilitate tissue healing. 

In animals who have had their spleens removed, the monocyte response is not observed at the
site of tissue injury, and healing is less thorough. In addition, humans who have had their spleens
removed (a procedure known as a splenectomy) appear to be at increased risk of infections and,
as they age, cardiovascular disease and possibly even certain types of cancer. It is suspected that
the absence of immune-regulating factors released from the spleen is related to the increase in
susceptibility to such diseases in individuals who have undergone a splenectomy.

Tonsils

Tonsil, small mass of lymphatic tissue located in the wall of the pharynx at the rear of the throat
of man and other mammals. In man the term is used to designate any of three sets of tonsils,
most commonly the palatine tonsils. These are a pair of oval-shaped masses protruding from
each side of the oral pharynx behind the mouth cavity. The exposed surface of each tonsil is
marked by numerous pits that lead to deeper lymphatic tissue. Debris frequently lodges in the
pits and causes inflammation, a condition called tonsillitis. The function of the palatine tonsils is
thought  to  be  associated  with preventing  infection  in  the  respiratory  and digestive  tracts  by
producing antibodies that help kill infective agents. Frequently, however, the tonsils themselves
become  the  objects  of  infection,  and  surgical  removal  (tonsillectomy)  is  required.  Usually,
children  are  more  prone  to  tonsillitis  than  adults,  for  the  structures  tend  to  degenerate  and
decrease in size as one gets older.



Another  major  tonsillar  pair  is  the  pharyngeal  tonsils,  more  commonly  known  as
adenoids.  These are  diffuse masses of lymphatic  tissue located  on the top wall  of the nasal
pharynx. Enlargement of these tonsils may obstruct breathing through the nose, interfere with
sinus drainage, and lead to sinus and middle ear infections. When the nasal respiratory passage is
blocked,  mouth breathing  becomes  necessary.  Continued mouth  breathing  puts  stress  on the
developing facial bones in children and may cause facial deformities. Surgical removal, often in
conjunction with a tonsillectomy, is frequently recommended in children. The adenoids tend to
decrease in size during adulthood.

The third pair of tonsils are the lingual tonsils, aggregations of lymphatic tissue on the surface
tissue at the base of the tongue. The surface of this tonsil has pits leading to lower lymphatic
tissue as in the other two tonsil  types, but these pits are effectively drained by small  glands
(mucous glands), and infection is rare.

GALT

Gut-associated  lymphoid  tissue  (GALT)  is  a  component  of  the  mucosa-associated  lymphoid
tissue (MALT) which works in the immune system to protect the body from invasion in the gut.

Owing to its physiological function in food absorption, the mucosal surface is thin and acts as a
permeable  barrier  to  the  interior  of  the  body.  Equally,  its  fragility  and permeability  creates
vulnerability to infection and, in fact,  the vast  majority of the infectious agents invading the
human body use this route. The functional importance of GALT in body's defense relies on its
large  population  of  plasma cells,  which  are  antibody  producers,  whose  number  exceeds  the
number of plasma cells in spleen, lymph nodes and bone marrow combined.

Structure

The gut-associated  lymphoid  tissue  lies  throughout  the  intestine,  covering  an area  of
approximately 260–300 m2. In order to increase the surface area for absorption, the intestinal
mucosa is made up of finger-like projections (villi), covered by a monolayer of epithelial cells,
which separates the GALT from the lumen intestine and its contents. These epithelial cells are
covered by a layer of glycocalyx on their luminal surface so as to protect cells from the acid pH.

Both GALT and mesenteric lymph nodes are sites where the immune response is started
due to the presence of immune cells through the epithelial cells and the lamina propria. 

The GALT also includes the Peyer's patches of the small intestine,  isolated lymphoid
follicles present throughout the intestine and the appendix in humans.

The following comprise lymphoid tissue in the gut:



1. Waldeyer's tonsillar ring 

2. Peyer's patches

3. Lymphoid aggregates in the appendix and large intestine

4. Lymphoid tissue accumulating with age in the stomach

5. Small lymphoid aggregates in the esophagus

6. Diffusely distributed lymphoid cells and plasma cells in the lamina propria of the gut

Peyer's patches

The Peyer's patch is an aggregate of lymphoid cells projected to the lumen of the gut
which  acts  as  a  very  important  site  for  the  initiation  of  the  immune  response.  It  forms  a
subepithelial dome where large number of B cell follicles with its germinal centers, T cells areas
between them in a smaller number and dendritic cells are found. In this area, the subepithelial
dome is separated from the intestinal lumen by a layer of follicle-associated epithelium. This
contains conventional intestinal epithelial cells and a small number of specialized epithelial cells
called microfold cells (M cells) in between. Unlike enterocytes, these M cells present a folded
luminal surface instead of the microvilli, do not secrete digestive enzymes or mucus and lack a
thick surface of glycocalix.

Functions

The digestive tract is an important component of the body's immune system. In fact, the
intestine possesses the largest mass of lymphoid tissue in the human body. The GALT is made
up of several types of lymphoid tissue that store immune cells, such as T and B lymphocytes,
that carry out attacks and defend against pathogens. 

New research indicates that GALT may continue to be a major site of HIV activity, even
if drug treatment has reduced HIV count in the peripheral blood

Haematopoiesis

Haematopoiesis refers to the commitment and differentiation processes that lead to the formation
of all blood cells from haematopoietic stem cells. In adults, haematopoiesis occurs mainly in the
bone marrow (medullary), but it can also occur in other tissues such as the liver, thymus and
spleen.

Haematopoietic Stem Cells



Haematopoietic stem cells (HSCs) reside in the medulla of the bone (bone marrow) and have the
unique ability to give rise to all of the different mature blood cell types and tissues. 

HSCs are self-renewing cells:  when they differentiate,  at least  some of their daughter
cells  remain as HSCs, so the pool of stem cells  is  not  depleted.  This phenomenon is  called
asymmetric division. 

The other daughters of HSCs (myeloid and lymphoid progenitor cells) can follow any of
the other differentiation pathways that lead to the production of one or more specific types of
blood cell, but cannot renew themselves. The pool of progenitors is heterogeneous and can be
divided into two groups; long-term self-renewing HSC and only transiently self-renewing HSC,
also called short-terms. This is one of the main vital processes in the body.

Cells of the Immune System

 The following cells involved in the immune power production

A. Bone marrow: 
The site in the body where most of the cells  of the immune system are produced as

immature or stem cells.

B. Stem cells: 
These cells have the potential to differentiate and mature into the different cells of the

immune system.



C. Thymus: 
An organ located in the chest which instructs immature lymphocytes to become mature

T-lymphocytes.

D. B-Cells: 
These lymphocytes arise in the bone marrow and differentiate into plasma cells which in

turn produce immunoglobulins (antibodies).

E. Cytotoxic T-cells: 
These lymphocytes mature in the thymus and are responsible for killing infected cells.

F. Helper T-cells: 
These  specialized  lymphocytes  “help”  other  T-cells  and  B-cells  to  perform  their

functions.

G. Plasma Cells: 
These cells  develop from B-cells and are the cells that make immunoglobulin for the

serum and the secretions.

H. Immunoglobulins: 
These  highly  specialized  protein  molecules,  also  known  as  antibodies,  fit  foreign

antigens,  such as  polio,  like  a  lock  and key.  Their  variety  is  so extensive  that  they  can  be
produced to match all possible microorganisms in our environment.

I. Neutrophils (Polymorphonuclear PMN Cell): 
A type of cell found in the blood stream that rapidly ingests microorganisms and kills

them.

J. Monocytes: 
A type of phagocytic cell found in the blood stream which develops into a macrophage

when it migrates to tissues.

K. Red Blood Cells: 
The cells in the blood stream which carry oxygen from the lungs to the tissues.

L. Platelets: 
Small cells in the blood stream which are important in blood clotting.

M. Dendritic Cells: 
Important cells in presenting antigen to immune system cells.



Lymphocytes
There are two Lymphocytes are mainly involved in the Immune System (B and T Lymphocytes)
B-Cells

B-cells  (sometimes called B-lymphocytes and often named on lab reports as CD19 or CD20
cells) are specialized cells of the immune system whose major function is to produce antibodies
(also called immunoglobulins or gamma-globulins). B-cells develop in the bone marrow from
hematopoietic stem cells. As part of their maturation in the bone marrow, B-cells are trained or
educated so that they do not produce antibodies to healthy tissues. When mature, B-cells can be
found  in  the  bone  marrow,  lymph  nodes,  spleen,  some  areas  of  the  intestine,  and  the
bloodstream.

When  B-cells  encounter  foreign  material  (antigens),  they  respond  by  maturing  into
another cell type called plasma cells. B-cells can also mature into memory cells, which allows a
rapid response if the same infection is encountered again. Plasma cells are the mature cells that
actually produce the antibodies. Antibodies, the major product of plasma cells, find their way
into  the  bloodstream,  tissues,  respiratory  secretions,  intestinal  secretions,  and  even  tears.
Antibodies are highly specialized serum protein molecules.

For every foreign antigen, there are antibody molecules specifically designed to fit that
antigen, like a lock and key. For example, there are antibody molecules that physically fit the
poliovirus, others that fit diphtheria, and still others that fit the measles virus. The variety of
different antibody molecules is extensive so that B-cells have the ability to produce them against
virtually all microbes in our environment. However, each plasma cell produces only one kind of
antibody.

When antibody molecules recognize a microorganism as foreign, they physically attach
to it and set off a complex chain of events involving other components of the immune system
that  work  to  eventually  destroy  the  germ.  Antibodies  vary  with  respect  to  their  specialized
functions in the body. These variations are determined by the antibody’s chemical  structure,
which in turn determines the class of the antibody (or immunoglobulin).



There are five major classes of antibodies (IgG, IgA, IgM, IgD and IgE). IgG has four
different subclasses (IgG1, IgG2, IgG3, IgG4). IgA has two subclasses (IgA1 and IgA2).

T-Cells

T-cells (sometimes called T-lymphocytes and often named in lab reports as CD3 cells)
are another type of immune cell. T-cells directly attack cells infected with viruses, and they also
act as regulators of the immune system.

T-cells develop from hematopoietic stem cells in the bone marrow but complete their
development in the thymus. The thymus is a specialized organ of the immune system in the
chest. Within the thymus, immature lymphocytes develop into mature T-cells (the “T” stands for
the thymus) and T-cells with the potential to attack normal tissues are eliminated. The thymus is
essential for this process, and T-cells cannot develop if the fetus does not have a thymus. Mature
T-cells leave the thymus and populate other organs of the immune system, such as the spleen,
lymph nodes, bone marrow and blood.

Each T-cell reacts with a specific antigen, just as each antibody molecule reacts with a
specific antigen. In fact, T-cells have molecules on their surfaces that are similar to antibodies.
The variety of different T-cells is so extensive that the body has T-cells that can react against
virtually any antigen.

T-cells have different abilities to recognize antigen and are varied in their function. There
are “killer” or cytotoxic T-cells  (often denoted in lab reports as CD8 T-cells),  helper T-cells
(often denoted in lab reports as CD4 T-cells), and regulatory T-cells. Each has a different role to
play in the immune system.

Killer, or cytotoxic, T-cells perform the actual destruction of infected cells. Killer T-cells
protect  the  body from certain  bacteria  and viruses that  have the ability  to  survive and even
reproduce within the body’s own cells. Killer T-cells also respond to foreign tissues in the body,
such as a transplanted kidney. The killer cell must migrate to the site of infection and directly
bind to its target to ensure its destruction.

Natural Killer Cells (NK Cells)

Natural killer (NK) cells are so named because they easily kill cells infected with viruses. They
are said to be “natural killer” cells as they do not require the same thymic education that T-cells
require. NK cells are derived from the bone marrow and are present in relatively low numbers in



the bloodstream and in tissues. They are important in defending against viruses and possibly
preventing cancer as well.

NK cells kill virus-infected cells by injecting it with a killer potion of chemicals. They
are particularly important in the defense against herpes viruses. This family of viruses includes
the traditional cold sore form of herpes (herpes simplex) as well as Epstein-Barr virus (the cause
of infectious mononucleosis) and the varicella virus (the cause of chickenpox).

Monocytes

Monocytes are closely related to neutrophils and are found circulating in the bloodstream. They
make up 5-10 percent of the white blood cells. They also line the walls of blood vessels in organs
like the liver and spleen. Here they capture microorganisms in the blood as the microorganisms
pass by. When monocytes leave the bloodstream and enter the tissues, they change shape and
size  and become macrophages.  Macrophages  are  essential  for  killing  fungi  and the  class  of
bacteria  to  which  tuberculosis  belongs  (mycobacteria).  Like  neutrophils,  macrophages  ingest
microbes and deliver toxic chemicals directly to the foreign invader to kill it.

Macrophages live longer than neutrophils and are especially important for slow growing
or chronic infections. Macrophages can be influenced by T-cells and often collaborate with T-
cells in killing microorganisms.

Cytokines

Cytokines  are  a  very  important  set  of  proteins  in  the  body.  These  small  proteins  serve  as
hormones for the immune system. They are produced in response to a threat and represent the
communication network for the immune system. In some cases,  cells  of the immune system
communicate  by  directly  touching  each  other,  but  often  cells  communicate  by  secreting
cytokines that can then act on other cells either locally or at a distance.

This clever system allows very precise information to be delivered rapidly to alert the
body as to the status of the threat. Cytokines are not often measured clinically but can appear on
lab  slips  as  IL-2,  IL-4,  IL-6,  etc.  Some  cytokines  were  named  before  the  interleukin  (IL)
numbering convention was started and have different names.

Dendritic Cells

Dendritic cells (DCs) are antigen-presenting cells (also known as accessory cells) of the
mammalian immune system. Their main function is to process antigen material and present it on
the cell surface to the T cells of the immune system. They act as messengers between the innate
and the adaptive immune systems.



Dendritic  cells  are  present  in  those  tissues  that  are  in  contact  with  the  external
environment,  such  as  the  skin  (where  there  is  a  specialized  dendritic  cell  type  called  the
Langerhans cell) and the inner lining of the nose, lungs, stomach and intestines. They can also be
found in an immature state in the blood. Once activated, they migrate to the lymph nodes where
they interact with T cells and B cells to initiate and shape the adaptive immune response.

Granulocytes

Granulocytes are a category of white blood cells in the innate immune system characterized by
the presence of granules in their cytoplasm. They are also called polymorphonuclear leukocytes
(PMN, PML, or PMNL) because of the varying shapes of the nucleus, which is usually lobed
into three segments. This distinguishes them from the mononuclear agranulocytes. In common
parlance,  the  term  polymorphonuclear  leukocyte  often  refers  specifically  to  "neutrophil
granulocytes", the most abundant of the granulocytes; the other types (eosinophils, basophils,
and mast cells) have lower numbers of lobes. Granulocytes are produced via granulopoiesis in
the bone marrow.

Neutrophils



A neutrophil  with  a  segmented  nucleus  (center  and  surrounded  by  erythrocytes),  the  intra-
cellular granules are visible in the cytoplasm (Giemsa-stained high magnification). Neutrophils
are normally found in the bloodstream and are the most abundant type of phagocyte, constituting
60% to 65% of the total circulating white blood cells, and consisting of two subpopulations:
neutrophil-killers and neutrophil-cagers. One litre of human blood contains about five billion
(5x109) neutrophils,  which are about 12–15 micrometres  in diameter.  Once neutrophils  have
received the appropriate signals, it takes them about thirty minutes to leave the blood and reach
the site of an infection. Neutrophils do not return to the blood; they turn into pus cells and die.
Mature  neutrophils  are  smaller  than  monocytes,  and have  a  segmented  nucleus  with  several
sections(two to five segments); each section is connected by chromatin filaments. 

Eosinophils

Eosinophils also have kidney-shaped lobed nuclei (two to four lobes). The number of
granules in an eosinophil can vary because they have a tendency to degranulate while in the
blood stream. Eosinophils play a crucial part in the killing of parasites (e.g., enteric nematodes)
because their granules contain a unique, toxic basic protein and cationic protein.  These cells also
have a limited  ability  to participate  in  phagocytosis,  they are professional  antigen-presenting
cells, they regulate other immune cell functions.

Basophils

A basophil with lobed nuclei surrounded by erythrocytes. Basophils are one of the least
abundant cells in bone marrow and blood (occurring at less than two percent of all cells). Like
neutrophils and eosinophils, they have lobed nuclei; however, they have only two lobes, and the
chromatin filaments that connect them are not very visible. Basophils have receptors that can
bind to IgE, IgG, complement,  and histamine.  The cytoplasm of basophils  contains  a varied
amount of granules; these granules are usually numerous enough to partially conceal the nucleus.
Granule  contents  of  basophils  are  abundant  with  histamine,  heparin,  chondroitin  sulfate,
peroxidase, platelet-activating factor, and other substances.

Mast cells

Mast cells  are  a type of  granulocyte  that  are  present  in  tissues;[3]  they mediate  host
defense against pathogens (e.g., parasites) and allergic reactions, particularly anaphylaxis. Mast
cells are also involved in mediating inflammation and autoimmunity as well as mediating and
regulating neuroimmune system responses.




