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Today’s Meeting

• Recap last week’s session on cytokines.


• Grand Tour of the Immune System.


• Q&A on the Immune System.



Basics of the Immune System
Cytokines
• Important in cell signaling.


• Small proteins, released by various cells in the body in response to an activating 
stimulus, e.g., detection by a macrophage of a pathogen.


• Cytokines can affect the releasing cell, nearby adjacent cells, and distant cells, e.g., 
cells of the hypothalamus which release hormones.


• Cytokines include: chemokines, interferons, interleukins, and tumor necrosis factors, 
among others.


• Cytokines act through cell surface receptors.  They have important local and systemic 
(i.e., widespread) effects that contribute to both the innate and adaptive immunity.


• They “orchestrate” the immune system, and the immune response.



Basics of the 
Immune System

Cytokines



Basics of the 
Immune System
Intracellular 
Signaling Pathways



Basics of the Immune 
System
Intracellular Signaling 
Pathways



Basics of the Immune System
Cytokines
• Fever:


• The cytokines TNF-alpha, IL-1beta, and IL-6 are termed endogenous 
pyrogens and cause fever.


• These cytokines induce cells to produce the hormone prostaglandin E2, 
which acts on the hypothalamus, producing other hormones.


• This results in increased heat production through the metabolism of “brown 
fat”, and heat retention through vasoconstriction.


• Fever is generally beneficial - elevated heat inhibits activity of pathogens, 
increases adaptive immune activity.
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Basics of the Immune System
Cytokines
• Septic Shock:


• After pathogens (bacteria) have entered the bloodstream (sepsis), there is a massive release 
of soluble version of TNF, from macrophages in the liver and spleen, into the bloodstream.


• This “systemic” release causes vasodilation, leading to loss of blood pressure and 
increased vascular permeability….


• Which leads to loss of plasma volume and septic shock.


• The TNF also causes blood clotting in small vessels throughout the body, reducing clotting 
proteins, and preventing clotting in other parts of the body.


• Widespread coagulation frequently leads to organ failure of vital organs.


• Septic shock has a very high mortality rate.



Immune System - Highlights
A Function of the Immune System

• Fighting infections:


• Innate immune system components have generalized receptors that are 
fixed and can detect molecules associated with pathogens - non-self.


• Innate immune system consists of both cells (macrophage, neutrophils, 
dendritic cells, etc.) and degradative enzymes and toxins (Complement, etc.)


• Innate immune system cells initiate an inflammatory response on detection 
of pathogens by releasing cytokines, and attack and destroy pathogens.


• Innate immune cells recruit other immune system cells, both adaptive and 
innate cells, to the site of infection.
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Immune System - Highlights
A Function of the Immune System

• Fighting infections:


• Adaptive immune system cells (B and T cells) have randomly generated 
receptors that are specific to an antigen.


• B cells are active in the extracellular environment.  The B cell receptor 
(BCR) is the same shape and has the same proteins as the antibodies it 
produces.


• T cells are active in both the intracellular and extracellular environment.  
The T cell receptor can lock onto antigens presented by infected cells as 
well as by pathogens.
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Immune System - Highlights
Immune Response Scenario
• When the PRRs of macrophage or dendritic cells detect molecules associated with 

pathogens (e.g., LPS), an immune response is initiated.


• The macrophage (primarily) and dendritic cells release cytokines which:


• Recruit other immune cells to the site of infection.


• Change the environment of the infection to facilitate easier access to the infection site 
and create inflammation.


• Facilitate the initiation of fever.


• The macrophage and dendritic cells attack and destroy the pathogens.


• Neutrophils and other immune cells enter the site of the infection and also attack and 
destroy pathogens.
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Immune System - Highlights
Immune Response Scenario
• The activation of the PRR of the dendritic cell and the subsequent destruction 

of the pathogen result in the expression of the genes for the co-stimulatory 
proteins on the surface of the dendritic cell.


• Segments of the destroyed pathogen are picked up by MHC proteins and 
migrate to the surface of the dendritic cell.


• Some segments will be picked up by MHC class 1 (MHC I), and others by 
MHC class 2 (MHC II) proteins.


• The dendritic cell then makes a beeline to the nearest lymphatic tissue, 
typically a lymph node.



Immune System - Highlights
Immune Response Scenario

• The dendritic cell is an antigen presenting cell (APC).  The antigen peptide is 
held above the membrane surface of the dendritic cell by a MHC protein.


• Unactivated T cells (naive T cells) examine the antigen peptide presented by 
the dendritic cell.


• If the antigen receptor of the T cell locks onto the antigen peptide. and other 
receptors sense the co-stimulatory protein, activation of the T cell occurs.


• The membranes of naive T cells are also coated with other proteins, two of 
which function as co-receptors, namely CD8 and CD4.



Immune System - Highlights
Immune Response Scenario

• If the MHC protein is class 1, and the T cell co-receptor is CD8, the T cell 
becomes a cytotoxic T cell (killer T cell).


• If the MHC protein is class 2, and the T cell co-receptor is CD4, the T cell 
becomes a helper T cell.  Helper T cells mediate the activity of B cells and T 
cells during an immune response.


• After activation, the T cells, both cytotoxic and helper T cells, proliferate 
through cloning.


• Some T cells become regulatory T cells, whose function is to suppress the 
immune response of other immune cells after the infection has been eliminated.
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Immune System - Highlights
Immune Response Scenario

• B cell receptors (BCR) are a Y-shaped complex of proteins, produced by the 
same genes that produce antibodies.


• When the BCR is presented with an antigen fragment that matches the 
receptor, the B cell becomes activated.


• Upon activation, the B cell proliferates via cloning.


• All of the T cell types, and B cells, migrate to the site of the infection.


• At the site of infection, these immune cells take up their specific functions.
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Immune System - Highlights
Immune Response Scenario

• When a cell is infected intracellularly, MHC proteins pick up fragments of 
pathogen proteins and transport them to the cell membrane.  These 
fragments are “presented” on the surface of the infected cell.


• Cytotoxic T cells inspect cells at the site of the infection, and if they lock onto 
the pathogen antigen, they attach to the membrane of the infected cell, open 
a passage through the membrane, and inject toxic enzymes and molecules 
into the infected cell, killing it.


• Cytotoxic T cells also hunt for pathogens extracellularly.  When they 
encounter an extracellular pathogen, they recruit phagocytic immune cells to 
engulf and kill the pathogen.



Immune System - Highlights
Immune Response Scenario

• Helper T cells activate the B cells at the site of an infection.


• B cells differentiate into plasma cells, and release quantities of antibodies 
which attach to the pathogens.


• This marks the pathogen for destruction by phagocytic immune cells.


• The presence of antibodies also recruits Complement proteins (enzymes).  
Some of the proteins can degrade the pathogen, killing it; other Complement 
proteins coat the pathogen making it more visible to phagocytic immune cells.


• Regulatory T cells signal other immune cells to stop after the infection has 
been eliminated.



Immune System - Highlights
Action of Antibodies



Next Up

• The effects of stress, and time on the immune system.


• Read Chapter 5: Fever, Sress and the Power of the Mind, and…


• Read Chapter 6: Time and Space.


