Unit 1 Biology and Disease


3.1.6 Mammalian blood possess a number of defensive functions
By the end of this topic I will know:

The principles of immunology

Role of B and T cells

Use of vaccines

The Immune System is the body system responsible for resisting disease.

It can recognise and deal with thousands of substances that enter the body every day.

There are a number of specific words that will be used in this topic.  Learn the definitions as examiners expect you to be able to relate them to unfamiliar situations.

	Term
	Definition

	Antigen
	A molecule that can trigger an immune response

	Non-self antigen
	A molecule found on the cells entering the body e.g. bacteria that will stimulate an immune response

	Self Antigen
	A molecule found on the surface of your own cells to which your immune system will not respond.  

	Antibody
	A molecule secreted by B-lymphocytes in response to an antigen

An antibody is always a protein molecule

	Phagocyte e.g. macrophage
	A type of white blood cell that engulfs bacteria

	Lymphocytes
	A type of white blood cell that comes in a number of different forms e.g. B lymphocytes and T lymphocytes

	B-lymphocytes (B cells)
	Are highly specific and will only respond to one antigen 

They produce only one type of antibody

The body must be able to produce many different types of B –cells to respond to different types of non self antigens

	T lymphocytes (T cells)
	Are highly specific each having their own unique receptors

T helper lymphocytes are very important as the B lymphocytes are unable to respond to an antigen without them


Disease causing microorganisms are known as pathogens.  Our body has a number of defenses against the entry of pathogens.
· Page 102 Make a note of the barriers that prevent the entry of pathogens

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.
If a pathogen gets into your body the white blood cells in the blood stream are used in the immune response.
What are the names of the two types of white blood cells? What are their functions?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  _______________________
There are 2 main parts to the immune system

1
Non-Specific Response

This is present from birth – it is a quick response system (inflammatory response) effective against a wide range of pathogens (disease causing bacteria/viruses) and foreign substances e.g. nettle stings

This non-specific response does not distinguish against different pathogens and gives the same response.

2
Specific Response

This is a much slower response and will only be effective against specific pathogens.  

It involves the white blood cells and proteins in the blood and lymph system to attack the pathogen, disarm and remove the foreign bodies.  

The response can be speeded up on repeated infection with the same pathogen – i.e. you have developed immunity to the disease and can quickly produce the correct substances to remove the infecting pathogen.

Copy Figure 2 Page 101

How does the body recognise something as being foreign?

The immune system has to be able to recognise substances as “friend or foe” i.e. self (part of your body) or non self (invading foreign bodies)

How?

[image: image6.emf]The immune system can tolerate its body’s own antigens (self-antigens) and does not organise an attack against them.  

· The specific immune system is usually activated only by antigens from foreign organisms and substances to which the  body has not become adapted (non-self antigens)

· Once the body has identified something as being foreign the response made depends on the white blood cells – phagocytes and lymphocytes
1  Phagocytosis – this is part of the non-specific immune response
White blood cells - phagocytes are involved in this non-specific response.  The phagocyte surrounds and digests the pathogen.  

Copy the diagram from the board and describe what happens during phagocytosis

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Phagocytosis causes inflammation at the site of infection – this swollen area contains dead pathogens and phagocytes which are known as pus.  

Inflammation is a results of the release of histamine which causes dilation of the blood vessel – this in turn speeds up the delivery of phagocytes to the site of infection

2
Lymphocytes – involved in the specific response
Lymphocytes are another type of white blood cell.  Each lymphocyte attacks only one type of foreign cell.  There are 2 groups of lymphocytes involves in the body’s response.  These are:

1.  T- lymphocytes (T cells) mature in the thymus – they cause a cellular response to infection meaning the do not secrete antibodies into the blood – associated with cell-mediated immunity

2.  B – lymphocytes (B cells) mature in the bone marrow – they cause a humoral response to infection meaning they secrete antibodies into the blood
Cell Mediated Immunity 

T-lymphocytes respond to an organisms own cells that have been invaded by non-self material e.g. virus or cancer cell

How can T Lymphocytes distinguish between invader cells and normal cells?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
These cells are called antigen-presenting cells as they have antigens from other cells on their cell surface.  

The cell mediated immunity is in response to the antigens attached to the body cells and involves a number of different types of T cells
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Pathogens invade body cells or are engulfed by phagocytes - phagocyte place antigens on cell surface
2. Receptors of T helper cells fit into these antigens

3. This activates other T cells to divide by mitosis and form a clone
4. The cloned T cells can then do the following things:
1 ______________________________________________________________________

2______________________________________________________________________

3_______________________________________________________________________

4_______________________________________________________________________
(make notes on why this is important to kill viruses)  ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
· Each T cell responds to a different type of antigen

What are antibodies?

When the body is attacked by a disease-causing organism the body retaliates by biochemical warfare – the most important weapons in the body defence is antibodies.  
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An antibody is a type of globular protein called immunoglobulins that have a unique antigen-binding site.  

	[image: image1.jpg]



	Antibodies are produces by White Blood Cells - lymphocytes (white blood cells) called B-Lymphocytes or B Cells.  Each type of B Cell can produce a specific antibody in response to a particular antigen.

Antibodies are y-shaped molecules composed of heavy chains and light chains, which are kept together by S-S bonds.  The ends of the Y arms are the binding sites for an antigen


There are several types of reaction all of which depend on the ability of an antibody to bind to an antigen.  This binding only happens when the antigen and antibody molecules have complementary shapes to form an antibody-antigen complex.
Humoral immunity   - this involves B cells
This is the body’s response to a specific non-self antigen in the bloodstream e.g. a bacterium.  The stages involved in this immune response are noted below.
Stages  ( copy fig 2 page 108)
1. Surface antigens of invading pathogen are taken up by B cells 

2. Antigen presentation The B cells present the antigen on their cell surface membrane.  

3. T helper cells attached to the antigens on the B cells stimulate the selected B lymphocytes to divide producing clones of identical B lymphocytes
4. The B cell differentiate to become plasma cells or memory cells
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The 


[image: image2]
Immunological Memory

The body meets the same pathogens many times during your life.  Due to the ability to remember these contacts the pathogens do not cause us harm every time.  Why?
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Why do we get colds and flu every winter?
The surface receptors on lymphocytes have a shape complementary to only one antigen.  This is why they are specific.  Memory cells can only be effective against a pathogen that always has the same antigen.  If the antigen on a pathogen was to change the receptors on our memory cells would no longer bind to it.
 Some pathogens show antigen variability.  This means that they frequently change the antigens on their surface.  The cold virus and flu virus show antigen variability.  As a result of mutations the cold virus and flu virus frequently change their antigens meaning the new virus have antigens no longer complementary to the surface receptors of the memory cells remaining from the cold or flu you had last year.  You never have a secondary response when you catch a cold or flu again. 

Vaccination
There are two forms of immunity 

1.  Passive immunity ____________________________________________________________________________________________________________________________________________________________
2.  Active Immunity 

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

A vaccine is a preparation of antigen from a pathogen.  The vaccine can be injected or swallowed.  After the first treatment, the body makes antibodies against the antigens and memory cells are produced.  After a second treatment the secondaty response occurs producing large numbers of B cells and memory cells.

A vaccine does not contain a really dangerous pathogen. vVaccines can be made harmeless in a number of ways.  These include

· Killing the pathogen in a way that leaves the antigens unaffected e.g. the vaccine against cholera

· Weakening the pathogen in a way that leaves the antigens unaffected e.g. sabin oral vaccine against polio

· Removing the anitgens from the surgace of the pathogen and using the purified antigen to make the vaccine e.g vaccine against hepatitis B

Read pages 112 to 115  

 When a study presents new evidence it is important that there is evidence to support (validate) the study.  To validate the theory other scientists may repeat the study and try to reproduce the results or conduct other studies to prove the same threoy. 

Vaccines protect people against disease. Explain how. (5 marks)

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Jan 2012
Monoclonal Antibodies

What are monoclonal antibodies?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

How can monoclonal antibodies be used in cancer treatment? 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
How can monoclonal antibodies be used in testing kits e.g. pregnancy tests/urine tests? 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Ethical issues and the use of monoclonal antibodies

Ethical issues arise from the production of monoclonal anitbodies

- Production involves the use of mice – these mice are used to produce  B cells and tumour cells.  

Some people have reservations with the inducing cancer in  mice and using them this way.

- The antibodys come from mice cells so have to be humanised to make them like human cells before they are used.

To eliminate this transgenic mice can be used in which a human gene is placed in the mice so that they produce human antibodies.  This raises the ethics that surrounds genetic engineerind

- Monoclonal antibodies can treat diseases, such as cancer and diabete, saving many lives.  But there have also been some deaths associated with their use in the treatment of Multiple Sclerosis.

- Testing for safety of new drugs presents certain dangers and raises issues about the conduct of drugs trials

Society must use the issues, combined with scientific knowledge about monoclonal antibodies to make decisions about their production and use.  The advantages that a new medicine provides must be balanced with the dangers its production and use may bring.  
.

Answer Q 1 to 5 top page 111

1 What is an antigen?
……………………………………………………………………………………………………………………………………………………………………………………………………………………
2 (a) Describe how B-lymphocytes respond when they are stimulated by antigens.

......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(4 )
(b) The table gives information about some components of a red blood cell.
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Suggest which component of an intact red blood cell is most likely to act as an antigen during a blood transfusion. Explain your answer.

Component.............................................................................................................................

Explanation............................................................................................................................

..............................................................................................................................................

...........................................................................................................................................(2)
0206

(c) The diagram shows some components of a human immunodeficiency virus (HIV).
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(i) Suggest which labelled component of the virus is most likely to act as an atigen. Give a reason for your answer.

Component ...............................................................................................................

Reason ............................................................................................................................................

..........................................................................................................................................................
(1 mark)

(ii) A cell that HIV infects is 15 µm in diameter. Calculate how many times larger in diameter this cell is than an HIV particle. Show your working.

Answer ...................................... times larger (2 marks)
0206mod 3
3  Read the following passage.

Chlamydia is a bacterium. Scientists have shown that infection with chlamydia can cause heart disease in humans. Infection with the bacterium can stimulate the formation of atheroma. This can lead to a heart attack.

Other scientists have been working with mice. These scientists have suggested that chlamydia may cause heart disease in a different way. They have found a protein on the surface of chlamydia cells which is similar to a protein in the heart muscle of mice. After an infection with chlamydia, cells of the immune system of the mice may attack their heart muscle cells and cause heart  disease.

Use the information in the passage and your own knowledge to answer the following questions.

(a) Explain how atheroma can lead to a heart attack (line 3).

.................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................. .....................................................................................................
(3 marks)

(b) (i) Using information from the passage, explain what is meant by an antigen.

...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(b) (ii) After an infection with chlamydia, cells of the immune system of the mice may attack the heart muscle cells (lines 7-8). Explain why.

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(c) Some scientists have suggested that people should be vaccinated to prevent infection by chlamydia. Evaluate this suggestion.

..............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(3 marks)

Jun 2011
4  (a) Phagocytes and lysosomes are involved in destroying microorganisms. Describe how.

.................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(3 marks)

(b) The pie chart shows the proportions of people infected with four different strains of

influenza virus early in 2004. 
(b) (i) A person may develop influenza twice within a short time. Use information from the pie chart to explain why.

.........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(2 marks)

(b) (ii) The information in the pie chart is valuable to companies who make influenza vaccines. Use your knowledge of antigens to explain why.

.................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................(2 marks)jan09
Every cell has complex molecules (usually proteins or glycoproteins) on the surface membrane which act as recognition devices – these molecules are called antigens.











Antibodies are specialised protein molecules that bind specifically to antigens – the target molecule.  








Plasma cells produce antibodies that fit the antigens on the pathogens surface


The antibodies attach to the pathogen and destroy them.  


This is the primary response





Copy Fig 2 downwards – page 105





Read page 107 





Some of the cloned B cells differentiate to become memory cells which are stored in the lymphatic system and will be stimulated if the body is reinfected with the same pathogen – the secondary immunological response
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