Immune System Reading and Questions – Use this reading to take notes on the overall functions of the immune system and what each of the specific cell types are doing during an immune response.  You will have a starter next class.  
The human immune system protects our bodies from various intruders, both external (bacteria, viruses, parasites,) and internal (cancer cells).  In order for the immune system to function properly it must be able to distinguish between pathogens (infectious agents) and the organism’s own healthy tissues.  All organisms from bacteria to humans have some form of protection against other organisms.  The more evolutionarily advanced the organism, the more sophisticated its immune system will be.  
The lymphatic system consists of a series of vessels that carry water and white blood cells around the body.  The lymphatic system consists of the vessels for transport, the spleen for filtering out dead cells, the thymus for producing T-cells (a white blood cell), and the lymph nodes for providing hubs for white blood cells.    

Humans and other jawed vertebrates have both non-specific and specific defense mechanisms to fight invaders:

The innate immune system or non-specific immune system is present in all classes of plant and animal life.  This is an evolutionarily older defense strategy and it is not specific to one type of pathogen.  
The innate, non-specific defense mechanisms of humans include:
· Physical and Chemical Barriers – Ex. skin, oils, saliva, tears, ciliary elevator in respiratory tract

· Inflammatory Response – Blood vessels dilate and cells in the area signal to white blood cells to gather at the area of infection site.  The area will often be red, hot, and swollen.  

· Identify and Remove Foreign Substances - using white blood cells called phagocytes. Phagocytes engulf and digest bacteria, viruses and damaged body cells.  
· Fever- your hypothalamus raises your body temperature to slow down the reproduction of bacteria in your body.

· Activate the Adaptive or Specific Immune System – if a pathogen enters the body the non-specific defenses will alert the white blood cells of the adaptive immune system.  
The Adaptive or specific immune system is the most evolutionarily advanced system of protection.  These cells can adapt to new pathogens and formulate a new immune response to deal with new invaders as they arrive. This new response is then retained after the pathogen is eliminated in the form of an immunological memory.  This memory allows the adaptive immune system to launch quick and decisive attacks against any repeat offenders.  This is why you don’t get the same sickness twice and vaccines take advantage of this memory to protect you.  

The adaptive, specific defense mechanisms of humans include the coordinated response of two types of white blood cells:
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B Cells – These are white blood cells that are produced by the bone marrow and the released to circulate within the lymphatic system. B cells respond to the antigens of specific pathogens. B-cells create antibodies in response to these antigens.  Antigens are specific pieces of an invader’s “body.” Antibodies are tags that stick to antigens and mark the pathogen for death.  
· T Cells – These are white blood cells that are produced by the bone marrow but mature in the thymus. Killer T-cells kill body cells infected by pathogens and cancerous cells.  Helper T-Cells activate B –Cells and T- Cells against specific pathogens. 
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Let’s Attack the Immune System! Shall We?
Bodacious Bacteria Billy has slipped past the immune systems first barriers of defense.  He is now inside the paper cut you just received.  Oh no! Bacteria Billy has been spotted by wild Phagocytes.  These white blood cells have a taste for death and will eat any foreigner they see!  These phagocytes will literally eat bacteria, viruses, and damaged body cells until they die.  Their dead bodies are the reason for the pus you may find around your wound later. This intrusion initiated an inflammatory response that has caused quite a commotion; it’s causing your skin to feel hot and swell while leaving a red blush behind.  During this innate response, the adaptive immune cells are called to action.  Helper T-cells arrive to the scene first.  
“Whoa there Helper T-cell! Name’s, Petunia Phagocyte and I have a few pieces of the invader sticking out of my cell membrane here.  Care to take a look?”  
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“Always happy to help Petunia, and I see a few antigens I think the B-Cells are gonna wanna see.”  


Harry the Helper T-cell takes the antigen he received from Petunia Phagocyte to the B-Cells within the lymph nodes.  Your body produces thousands of different types of B-cells.  Each type of B-cell, has one specific antibody sticking out of its cell membrane.  Antibodies and antigens fit together like puzzle pieces.  If an antigen fits into an antibody, the immune system knows that the substance is an intruder.  Luckily, more helper T-Cells arrive with copies of the antigens and the search for the B-cells with the matching antibody begins!  
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“Hey there Buddy B-Cell! We’ve got a mess of invaders out there and Petunia the Phagocyte gave me the antigens she chopped off their foreign bodies! Mind if I see if this antigen matches your antibody?” Harry places the antigen into the antibody and sees that the shapes just don’t match up.  With a sigh, he turns and bumps into Shelly.  Shelly is a shy B-cell but she always wants to help.  She drops her antibody down to Harry the Helper T-Cell and sees that it matches his antigen perfectly!

Once Shelly the B-Cell is activated by the antigen, she begins to divide and make copies of herself.  Some of her clones will become Memory B- Cells and the rest become antibody making factories called plasma cells!  Plasma cells release copies of the antibody that can attach to the pathogens’ antigens into your lymphatic system.  
One group of antibodies calling themselves the “Yummy Stickums” are out in force.  They latch onto antigens coating them in a way Phagocytes find particularly tasty.  To entice the phagocytes more, they latch onto multiple cells at once clumping them together creating a bigger more tempting meal for the phagocytes to devour.  
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While the phagocytes are large, and getting larger by the minute snacking on tagged invaders, Killer T-cells are quietly skulking amongst your body cells looking for signs of infection.  Body cells present tags that tell a killer T-cell if it is healthy or if a bioterrorist lurks inside.  Viruses and bacteria sneak into cells, and use the space to make copies of themselves. Infected cells release thousands of bioterror clones into your blood stream! Suddenly, a movement catches Killjoy Killer T-cell’s eye! One of your body cells is waving a protein flag from its plasma membrane, a sign of infection all Killer T-cells recognize.  Killjoy knows that the cell is asking him to initiate a cascade of chemicals that will kill the body cell.  Before he initiates the chemical cascade, that will take this cell’s life, he honors the cells selfless tribute to cooperation and overall body health. Knowing that each cell vows to end his or her own life, to protect the greater good of the organism, you, brings a tear to Killjoy’s eye as he initiates cell death.  
Finally, the immune system has defeated Billy the Bacteria and his brethren after they invaded your body through a tiny cut.  Plasma cells begin to wind down and stop creating antibodies, phagocytes wait excitedly for another feast, Helper T-cells are happy they helped, and Killer T-cells retreat, waiting to kill again.  
A warning to all those who dare breach our outer defenses, the immune system never forgives and rarely forgets.  Those memory B-cells created at the beginning of the attack are still out there looking for that one pathogen, daring it to enter again.  

The credits role, but wait!  Not all cells are selfless, and those who refuse to cooperate, will also be killed.  Knoble Killer T-Cell sees a body cell dividing and reproducing without regard for the cells around him.  Luckily he spotted this cancerous cell before it created too many other cells.  With no remorse, he killed them all. For the greater good should always be upheld.  
