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Gene Therapy:  Cystic Fibrosis Case Study

http://learn.genetics.utah.edu/content/tech/genetherapy/cysticfibrosis/ 
Overview:  Recall that gene therapy is a process in which damaged or missing genes are replaced in a person with a disorder.   When damaged DNA is replaced the cell should theoretically begin to produce proteins that were otherwise not being produced thus treating the symptoms of the disorder or abnormality. In this case study you will look at Cystic fibrosis and learn how gene therapy can be used to help a patient with this condition.
Directions: Go to the web address: http://learn.genetics.utah.edu/content/tech/genetherapy/cysticfibrosis/ 
Section 1:  Understanding the Problem

Instructions:  Section 1 gives background information on the symptoms of CF and the causes.  Proceed through the tutorial and answer the questions.  They are all in order.

1.  Cystic fibrosis (CF) is a hereditary disorder that affects the cells of ________, __________, and ________.

2.  Abnormal mucus secretions cause what types of symptoms (3 types)?

3.  What is an expected lifespan of a person with CF?

4.  Why do cells that line the lungs produce abnormal mucous?

5.  How many base pairs are found in a normal gene verses a person with the CFTR gene?  This is what type of mutation?

6.  What does the deletion in base pairs cause to be deleted?

7.  The CFTR chlorine channel works with other ion channels to setup an “_________________________.”

8.  Normally, cells have more _________ ions ______________ the cell than _____________ the cell.

9.  Why are more chloride ions outside the cell?

10.  How does the mucus layer protect cells?

11.  What happens as a result of the mutant CFTR protein channel in a person with CF?

12.  The mucus layer becomes ___________ and ___________, preventing the cilia from ____________ the debris.  This causes _______________ in individuals with CF.

Section 2:  Is Cystic Fibrosis a Good Candidate for Gene Therapy

Instructions:  Answer the following questions in this tutorial to determine whether or not CF is a good candidate for gene therapy.
13.  Does the condition result from mutations in one or more genes?

14.  What type of inheritance is displayed by CF?

14.  Which genes are involved?

15.  Will adding a normal copy of the gene fix the problem in the affected gene?

16.  Is it feasible to deliver genes to the cells of the affected tissue?
Section 3:  Choosing a Vector for CF Gene Therapy

Instructions:  A vector is a medium that will be used to deliver the healthy DNA to the cells with unhealthy DNA.  A vector could be a virus used to infect the cells with the correct DNA or naked DNA could be applied directly to the cells.  In this section you will determine what vector will work well for a Cystic Fibrosis patient.  You’ll need to look at the Vector Toolbox to answer the following questions.
17.  Which vector(s) can be excluded based on gene length?
18.  Which vector(s) can you exclude based on target cell type?

19.  Which vector(s) can you exclude based on the ability to infect dividing or non-dividing cells?

20.  Which vector(s) can you exclude based on their effective-ness at entering cells?

21.  Which of the two remaining vectors can be excluded based on the chance of triggering an immune response?

22.  What is the best virus for CFTR gene delivery?

Section 4:  Build and Test a CF Gene Therapy Vector

Instructions:  In this section you build the vector and test it in sample cells.  Follow the directions and proceed through the lab and answer the questions for this section after you have completed the procedure.
23.  What is the packaging cell used for?

24.  Why test the vector on cells before using it on a patient?

25.  If infecting the cell with the virus works and everything is successful, what should happen?

Section 5:  CF Gene Therapy – Real World Challenges

Instructions:  Read the information concerning the history of gene therapy and answer the following questions.
26.  In what year did the first experiments with gene therapy in CF patients begin? 

27.  How were the methods in which vectors were given to patients in earlier clinical trials different than the way they were given to patients in later trials? 

28.  What was the first vector to be experimented with?

29.  What is the latest vector to be used?

30.  Has Cystic Fibrosis gene therapy reached its full potential? 
DNA Extraction Virtual Lab
Directions:  Go to the web address: http://learn.genetics.utah.edu/content/labs/extraction/ Go through the virtual lab and answer the following questions as you proceed through the lab. 
1. What reasons would we have for extracting human DNA (3 things)?

2. Where do we find DNA in the cell (hint: watch the animation)?

3. Why is the inside of the cheek a good place to get a cell sample?

4. List the four steps that you will follow to collect and purify DNA?

5. List the equipment that will be used.

6. What is the procedure for collecting cheek cells?

7. What does lysis mean?  What is the lysis solution used for?

8. List the two ingredients found in a lysis solution and what their purposes are.

a._______________-

b._______________-

      9.  What is the purpose of adding salt solution?

     10.  What is the purpose of adding another test tube full of water in the centrifuge?

     11.  What’s the centrifuge do?  
     12.  Sketch the distribution of the cell parts, proteins, and DNA in the test tube after being removed from the centrifuge.

     13.  What is done with the DNA after being spun in the centrifuge?

     14.  What is the procedure for mixing isopropyl alcohol with the DNA?

     15.  How does isopropyl alcohol change the state of the DNA?

     16.  What happens after the DNA is again spun in the centrifuge?
When complete with the DNA Extraction, go to the DNA Gel Electrophoresis Lab.  

DNA Gel Electrophoresis Lab Website: http://learn.genetics.utah.edu/content/labs/gel/
Directions: Go through the entire weblab and answer the following questions:

1) What is the purpose of conducting a gel electrophoresis.

2) What is the gel for?

3) How is DNA forced to move in the gel?

4) How do DNA strands of differing lengths sort themselves in the gel?

5) What is the purpose of staining?

6) List the five steps involved in make a gel electrophoresis.

7) List the ingredients necessary to make a gel.

8) Record the results from your gel electrophoresis.
1

