Genes and Medicine:  Family History, Inheritance, and Breast Cancer

A.  Family Pedigrees

1. Watch the interview with Denise linked here.

· Click here to access the interview with Denise

· The pedigree shown below represents Denise’s family.  The circles represent women, the squares men.  The circles that are filled in represent those individuals who have been afflicted with breast cancer.
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· Considering the information provided in the interview, answer the following questions concerning the incidence of breast cancer in Denise’s family. 

i. Do you think the occurrence of breast cancer in Denise’s family is a chance event or do the data suggest a predictable pattern for the appearance of the disease in her family?  Explain your choice.  

ii. Taking the view that the appearance of breast cancer in this family is a predictable event, what sort of inheritance pattern best describes the occurrence of the disease?  In other words do you think it is a dominant or recessive trait?

iii. Once you have decided on an inheritance pattern, support your choice by filling in genotypes for as many family members as possible.

iv. For those members whose genotypes are questionable, explain why you cannot be sure.
· How confident can you be with the inheritance pattern you have identified?  What is (are) the limiting factors to your determination?

· Based on what you see in this pedigree, how valid is the conclusion reached by Denise and her doctors?  Explain

2. To truly determine if a particular disease is inherited it is necessary to evaluate many members of a family.  The search for a genetic link for a certain type of breast cancer took place over many, many years and involved 150 members of a particular family.  To get a sense of the nature of this sort of work, examine the family history described below and then construct an appropriate pedigree.  When constructing the pedigree, use the same notation as in step 1.

Breast Cancer Case Study

Below you will find a set of medical information concerning the history of breast and ovarian cancer in a particular family.  Use the information to construct a family tree that:

a) Displays the relationships between the individuals described

b) Indicates those members of the family who have been stricken by the disease

Family Medical History

· “At 28 I (Elizabeth) had a preventative mastectomy because of the frequency of breast cancer in my family.”

· "It's my two-year old daughter I'm worried about. Will she get this?" 

· "I married Steven, who has no family history of breast cancer" 

· "I have three sisters, and two already have breast cancer." 

· "Our dad is Frank, who had six sisters (my aunts) one of them never showed any signs of breast cancer, though one got ovarian cancer, and three got breast cancer. The other one died in a car accident at age 20." 

· "Franks' parents (my grandparents) are free of breast cancer, but that's as far back as I can go with information." 

· "Franks's sister Rhonda (one of my aunts who had it), married a guy with no family history of it. They had three kids (my cousins), two girls and a boy. One of the girls recently got diagnosed with breast cancer." 

Once your version of this family tree has been put together answer the following questions:

i. Is the occurrence of cancer in this family a random event or does your tree suggest that the frequency of the disease follows a particular pattern?  Explain your answer with direct reference to the family tree you have drawn.

ii. If you concluded that occurrence of cancer follows a pattern, summarize this pattern in a clear, concise statement (one or two sentences).

iii. In the “Family Medical History” document above, Elizabeth indicates she is concerned about whether or not her two-year old daughter will get cancer.  Based on your answers to questions “i” and “ii” is this a valid concern?  Explain.
3. What you have just done is a small version of the work undertaken by Mary-Claire King and her colleagues at the University of Washington.  Dr. King was the first to demonstrate the genetic basis of breast cancer.  To understand the extent of the work involved in making this critical link view the following interview with Mary-Claire King.

· Go to DNA Interactive by typing www.dnai.org into your web browser.

· From the home page select “Applications” from either the menu bar across the top of the page or the one on the left side of the page.

· Once at Applications, select “Genes and Medicine” from the tabs at the bottom of the page.

· Select “Gene Hunting” from the tabs that run across the top of the page.

· Click on the image of Mary-Claire King.  A list of videos will come up on the lower left side of the page, select “Families and Pedigrees.”
The video begins with by referencing the BRCA1 and BRCA 2 genes.  These are the two genes responsible for familial inherited breast cancer.   At this point you do not need to worry about the nature of genes.  Instead, focus your attention on the methodology she used to determine the pattern of inheritance for this type of breast cancer.

B.  Identifying the Gene and Determining the Inheritance Pattern
It is clear from the work done by Mary-Claire King and her colleagues that family history plays a critical role in the incidence of certain types of breast cancer.  What is the frequency of this type of breast cancer and how does it differ from the genetic changes associated with cancers in general? 
1.  To begin to answer these questions read the article on “Family History, Inheritance, and Breast Cancer Risk” from Cornell University.  Then answer the questions below.

· Click here to access the article.  Read up through the section titled “Have specific genes been linked to the high breast cancer risk seen in breast cancer families.”  
Questions to Answer
a. What is the primary cause of breast cancer in woman

b. Define familial breast cancer and sporadic breast cancer.  Identify the key similarities and differences between these two forms of breast cancer.

c. How frequent is the incidence of familial breast cancer?  Of sporadic breast cancer?

d. What term would you use to describe the kind of breast cancer studied by Mary-Claire King?

e. When studying breast cancer, what is meant by the phrase “high penetrance” gene?

f. Define the term breast cancer family.

g. What percentage of women develops breast cancer from the inheritance of “a low penetrance gene?”

h. 75% of the women who develop breast cancer do so as a result of factors other than inheritance.  List and briefly described the chief factors identified as causes of breast cancer in these women?

i. Identify the two genes associated with breast cancer in those families with very high incidence of the disease.

2.  To understand the role of the two genes identified in the article go to Inside Cancer at www.insidecancer.org.

a. Once at Inside Cancer, select “Causes and Prevention” from the top menu bar.

b. From the menu bar on the left, select the “Inheritance” tab.

c. Begin by selecting the arrow next to “Cancer Gene Types,” read through the slides and listen to the interview.

· List and describe the three main classes of genes that when mutated contribute to the development of cancer.

· What distinguishes cancer from other genetic diseases?

d. Now return to the “Inheritance” home page by clicking the “Inheritance” tab on the left side of the page.

e. Then, select “Breast cancer gene hunting” by clicking the arrow.

· After reading the first slide, into what class of genes do the BRCA1 and BRCA 2 genes fall?  

· Describe the type of behavior associated with cells harboring mutations to either of these genes.

f. Work through slides 2 – 7 listening to the interview with Mary-Claire King.  (You will note that slide 6 is a repeat of the interview you listened to from the DNAi site).  

· After listening to Mary-Claire King describe her research strategy summarize the approach she took to demonstrate the genetic basis of breast cancer.  

· Be sure to identify at least 3 critical elements of her work that enabled her to determine the link between inheritance and this disease.

f. Continue working through slides 8 – 14.  These slides present interviews with Mark Skolnick and Mary-Claire King that describe the “scientific process” used to positively identify the BRCA1 and BRCA 2 genes. 

For further information on BRCA 1 and BRCA 2 mutations and their impact on the risk of developing breast cancer continue reading the article Family History, Inheritance, and Breast Cancer (http://envirocancer.cornell.edu/FactSheet/General/fs48.inheritance.cfm) 

3.  So, how is the inheritance pattern for BRCA best described?  Click here to listen to a description by Mary-Claire King.

· Based on Dr. King’s description would you describe the mutated version of the BRCA 1 gene as dominant or recessive?  Explain.

C.  Genetic Testing

The discovery of the genes responsible for inherited breast cancer has allowed for the development of diagnostic tools for detection.  To appreciate the impact these diagnostic tools have on the lives of real people go “Breast cancer gene testing” by selecting this from the drop-down menu in the bottom left corner of the field on the Inside Cancer, “Causes and Prevention,” Inheritance page.  

1.  Listen to the interview with Barbara Weber by working through slides 1 – 9.  She is describing her work on inherited breast cancer, in particular work with a patient named Vicky.  This is the same Vicky in the pedigree from part 1 of this activity.  After completing slide 9:
· Review the response you gave to the last question in Part A, section 1 of this exercise concerning Denise’s decision to have a double mastectomy.  How does it compare to the reality of Denise’s situation as a result of the genetic testing she underwent?
2.  Given Denise’s comments concerning being tested for BRCA and informed of the results, if you knew there was a certain probability that you carried a gene that would result in the development of a serious, if not fatal, genetic disease, would you want access to this information?  

· This is a complicated issue.  Before diving into your response read the following article from the Mayo Clinic:  http://www.mayoclinic.com/health/genetic-testing/BR00014  

· Construct a table of the pros and cons of having this sort of information available to you.  

· With this table prepared, explain your decision.
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