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Innate Immune System
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• The innate (natural) immune system is thought to constitute an 

evolutionarily older defense strategy. 

• Innate immune system provides immediate defense against 

infection, and is found in all classes of plant and animal life. 

• It is the dominant immune system found in plants, fungi, 

insects, and in primitive multicellular organisms.

• A defining aspect of the innate immune system is that it carries 

no memory of an encounter with a foreign organism or 

molecule. 
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Major functions of innate immune system

1. Recruiting immune cells to sites of infection and 

inflammation through the production of cytokines. 

Inflammation is a protective response involving immune cells, blood vessels, 

and molecular mediators.

Cytokines are any of a number of substances which are secreted by certain 

cells of the immune system and have an effect on other cells.
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2. Activation of the complement cascade to identify 

bacteria, activate cells and to promote clearance of dead 

cells or antibody complexes. 

Complement cascade, is a part of the immune system that enhances 

(complements) the ability of antibodies and immune cells to clear microbes 

and damaged cells.
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3. The identification and removal of foreign substances 

present in organs, tissues, the blood and lymph, by 

specialized white blood cells (phagocytes or eating cells).

4. Activation of the adaptive immune system through a 

process known as antigen presentation carried out by 

antigen presenting cells (APCs). 
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Inflammation

Many infections, especially from small wounds are eliminated by 

the combination of complement and recruitment of phagocytes.

Five Characteristic signs of inflammation:

1. Redness 

2. Swelling 

3. Heat 

4. Pain 

5. Loss of function
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Causative events:

-- Vasodilation, increased capillary permeability      

-- Emigration of phagocytes

-- Chemical mediators (chemokines)
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Cells of the innate immune response
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Cells of the innate system recognize, and respond to pathogens 

in a generic (general), non-specific way.

• All white blood cells (WBC) or leukocytes are major cells of 

innate and adaptive immune response.

• Leukocytes are able to move freely and interact and capture 

cellular debris, foreign particles, or invading microorganisms.

Cellular debris: Organic waste left over after a cell dies

• Most innate immune leukocytes cannot divide or reproduce

on their own.

10



Dr. Abdul Haque                            11

Tennis ball like, round cells are white blood cells. Disc shaped cells are red blood cells.
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The innate non-phagocytic leukocytes include: 

Natural killer cells, mast cells, eosinophils, and basophils.

The innate phagocytic cells include: 

Macrophages, neutrophils and dendritic cells.

These cells function within the immune system by identifying and 

eliminating pathogens that might cause infection. 

12



Dr. Abdul Haque                            

Lymphocytes
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A moving leukocyte 

with an extended 

hand to capture 

foreign materials, 

e.g., bacteria
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Innate non-phagocytic leukocytes

Natural killer cells

• Natural killer cells, or NK cells are lymphocytes that attack 

host cells that have been infected by microbes, but do not 

directly attack invading microbes.

For example, NK cells attack and destroy tumor cells, 

and virus-infected cells, through a process known as 

"missing-self.”

This term "missing-self” describes cells with low levels of 

a cell-surface marker called MHC I. 
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NK cell attacking an infected cell
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Mast cells:

• Mast cells are a type of innate immune cell that resides in the 

connective tissue and in the mucous membranes.

• They are intimately associated with defense against pathogens, 

wound healing, but are also often associated with allergy and 

anaphylaxis.

Connective tissue that connects, supports, binds, or separates 

other tissues or organs.

Allergy is a damaging immune response by body to a 

substance to which it has become hypersensitive.

Anaphylaxis is an acute allergic reaction which may lead to death.
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• When activated, mast cells rapidly release characteristic 

granules, rich in histamine, heparin and several other 

chemicals.

• Histamine dilates blood vessels, causing the characteristic signs 

of inflammation, and recruits neutrophils and macrophages. 

• Heparin is an anticoagulant (stops blood from clotting). 
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Basophils : 

• These cells are among granulocytes.

• Basophils releasing histamine are important in defense 

against parasites, and play a role in allergic reactions (such 

as asthma).

• They resemble mast cells.
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Eosinophils: 

• These cells are among granulocytes.

• Upon activation, eosinophils secrete a range of highly toxic 

proteins and free radicals that are highly effective in killing 

bacteria and parasites.

• They are also responsible for tissue damage occurring during 

allergic reactions.
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Phagocytes

• The word 'phagocyte' literally means 'eating cell'.

• To engulf a particle or pathogen, a phagocyte extends portions 

of its plasma membrane, wrapping the membrane around 

the particle until it is enveloped.

• Once inside the cell, the invading pathogen is contained inside 

an endosome which merges with a lysosome which contains 

enzymes and acids that kill and digest the particle or 

organism.

• Both endosomes and lysosomes are vacuoles.
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Phagocytes generally patrol the body searching for pathogens, 

but are also able to react to cytokines.
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A phagocyte attacking 

bacteria
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The phagocytic cells of the immune system include:

1. Macrophages

2. Neutrophils

3. Dendritic cells.
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Macrophages

• Macrophages meaning "large eating cell", are large 

phagocytic leukocytes.

• They are able to move outside of the vascular system by 

moving across the cell membrane of capillary vessels and 

entering the areas between cells in pursuit of invading 

pathogens.

• Macrophages are the most efficient phagocytes, and can 

phagocytose a large number of bacteria or other microbes and 

cells.
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• The binding of bacterial molecules to receptors on the surface 

of a macrophage triggers it to engulf and destroy the bacteria 

through the release of ROS (reactive oxygen species).

• Pathogens also stimulate the macrophage to produce 

chemokines, which summons other cells to the site of 

infection.

ROS are unstable molecules that contain oxygen and that easily react with 

other molecules in a cell. A build up of reactive oxygen species in cells may 

cause damage to DNA, RNA, and proteins, and may cause cell death.

Chemokines are a family of small cytokines with ability to induce directed 

chemotaxis.
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Neutrophils

• Neutrophils are also among granulocytes due to the presence of 

granules in their cytoplasm.

• They are also known as polymorphonuclear cells (PMNs) due 

to their distinctive lobed nuclei which are usually more than two.
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• Neutrophil granules contain a variety of toxic substances that 

kill or inhibit growth of bacteria and fungi.

• Neutrophils attack pathogens by releasing ROS and 

hypochlorite.

• Neutrophils are the most abundant type of phagocytes, normally 

representing 50 to 60% of the total circulating leukocytes. 

• They are usually the first cells to arrive at the site of an infection.
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A neutrophil attacking 

anthrax bacilli
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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.

• 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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A dendritic cell
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Northern lights   (aurora borealis)
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