
The Immune 
System
The molecules, cells, and 
tissues of the human 
body that protect 
against microorganisms 
and viruses



Tasks of the immune system

o Recognize
o Respond
o Regulate
o Remember



Defense levels of the 
immune system

Non-specific First Line of Defense
o Physical barriers
o Chemical barriers
o Biological mechanisms 
Innate Immune System
o Phagocytes
o Natural Killer Cells
o Complement System 
Adaptive Immune System
o B-lymphocytes
o T-lymphocytes
o Antibodies 



The first layer
Non-Specific Components
o Physical  Barriers
o Chemical Barriers
o Biological Mechanisms

Presenter
Presentation Notes
Physical barriers: skin and mucous membranes
Chemical barriers such a lysozyme which is an enzyme that destroys cell membranes of certain bacteria
Biological mechanisms: inflammation



10% of your body weight
o ~ 5 quarts of blood in adults
o 60,000 miles of blood vessels
o It takes only 20-60 seconds for a red blood

cell to travel through the body
Highway system of the body

o Arteries carry oxygen and nutrients to cells
o Veins carry carbon dioxide and waste from

cells
Defense/Immunity
o Cells, antibodies, clotting factors

Blood

Presenter
Presentation Notes
We must talk about blood because white blood cells travel in blood and one very important function of blood is Immunity.  White blood cells travel in the blood looking for bacteria and viruses.



The lymphatic system and 
blood system

The lymphatic system is 
connected to the blood 
system.  This complex 
connected vessel system 
allows cells of the 
immune system an 
efficient way to travel 
around to all parts of the 
body to seek out and 
destroy “foreign 
invaders” such as viruses, 
bacteria and parasites  

Presenter
Presentation Notes
Not only do immune cells travel in the blood -- they also travel in the lymphatic system, which is highly connected to the blood system.  Lymph nodes swell when you are sick -- in your neck and under your armpits -- these are nodes of the lymphatics where white blood cells congregate!!



What is in blood?

Red blood cells

Plasma

White blood cells

Platelets

Presenter
Presentation Notes
Red blood cells, also known as erythrocytes carry oxygen or carbon dioxide.   They are red and comprise about 45% of blood.
White Blood cells (macrophages, T and B cells) fight infections and eat dead cells.  They are colorless and larger than RBCs and comprise about 1% of blood. In the image, a macrophage is adhered to a capillary endothelium and contains many engulfed organisms within its cytoplasm.
Platelets are the blood clotting agent.  They are smaller than RBCs and make up about 5% of blood.
Plasma carries cells, antibodies and other necessary components for your body. Plasma is mostly water but also contains nutrients, salts, sugars, proteins, minerals, wastes, vitamins, hormones and fats.  It is about 50% of of blood.




The second layer
Innate Immunity
o Protects against broad categories of pathogens
o Immediate
o Non-Specific

Components of Innate Immunity
o Phagocytes
o Pattern Recognition Receptors
o Complement System

o Membrane Attack Complex



Scavengers that Roam looking for “bacteria food”
o Phagocyte= cell eater, engulfs bacterial and cell

debris
o Found in blood and tissues
o Alerts other cells of the immune system by releasing

cytokines

Macrophages

Presenter
Presentation Notes
Now we are going to look at four of the white blood cells one by one and discuss their functions in the immune response.  Starting with Macrophages.  They are scavengers that roam looking for “bacteria food”.  Cytokines are chemical messengers that macrophages release to alert other cells of the immune system that a foreign invader is present.  They also engulf and chop up bacteria into smaller pieces and are able to present the bacterial pieces (and antigens) to other cells of the immune system.




Master General that alerts of foreign microbes and 
orchestrates immune response
o Phagocyte
o Found in blood and tissues
o Once it has ingested a foreign microbe/particle it

travels to the lymphoid tissues to alert other cells of the
immune system

o Presents foreign proteins “antigens” to T-cells, thus
activating them

Dendritic cells

Presenter
Presentation Notes
Mission is to get their microbe meal and then travel to the lymph nodes to alert other cells!!  Cells need to TALK to each other (using cytokines) or else couldn’t be successful – Communication is key!



The third layer

Adaptive immunity
o Highly specific - antibodies
o Immunological memory
o Slow (the first time)
o Differentiates between self and non-self
o Natural - body’s own response

o Active – exposure  protection
o Passive – biological transfer

o Artificial – intentionally stimulated
o Active – vaccination with attenuated

virus
o Passive – Injection of antibodies

Presenter
Presentation Notes
Highly specific– antigen specific immune response
Allows memory- allows the immune system to recognize (by antibodies) and remember pathogens with increasingly stronger attacks after the first exposure.




Adaptive immunity: 
the major players

T Cells: 
Mature in the Thymus
Cell-mediated immune response

B Cells:
Mature in the Bone Marrow
Antibody production
Memory



The ends of the antibody bind 
onto a specific antigen……with 
specificity like a ‘lock and key’

B cells
B Cells make antibodies
o Antibodies stop (“neutralize”

viruses from being able to infect
the cells of your body

o Antibodies help macrophages
eat viruses faster

Presenter
Presentation Notes
Antibodies are proteins that circulate in the blood and bind to “antigens” on foreign invaders like viruses and bacteria.  Antigens are foreign, non-self molecules.



T cells

Helper T cells 
o Release cytokines to

help activate the
immune response
system

Cytotoxic T cells
o Kill infected cells



Antigens and antibodies

Antibodies
o Specialized proteins that are able to recognize

antigens
o Provide molecular tags that tell other cells in the body

to destroy the invader

Antigens
o Small pieces of foreign invaders, usually

proteins
o Macrophages present antigens on their

surface



Basic immunological concepts

o The immune system can distinguish between “self” 
and “non-self”

o Immune cells circulate in the blood and lymphatic 
systems searching for foreign microbes

o Communication between immune cells is vital
o Macrophages and dendritic cells engulf invaders
o B cells produce protective antibodies
o T cells kill infected cells

o Memory
o B and T cells can live for years as “memory cells” so 

that the immune system can respond quickly to a 
future infection by the same microbe 

Presenter
Presentation Notes
Autoimmune diseases arise when the immune system is unable to distinguish “self” vs. “non-self” cells




Adaptive immunity: 
The big picture
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Stop and think:

o How can you tell if someone has been
infected with a pathogen

o How do vaccines work?



Vaccination
o Vaccines are weakened or killed pathogens that 

are introduced to the body.

o AFTER vaccination, the body can recognize the 
pathogen and it can fight when the REAL 
pathogen shows up.

o Edward Jenner used this approach
for smallpox. In 1980, smallpox was
eradicated. 





Activity1: 
ELISA
Enzyme-linked 
Immunosorbent Assay



Activity 2: 
Crime Scene 
Investigators
Agglutination Reactions 
using simulated blood and 
antibodies
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