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

Answers to Questions
1. Part A – Section 1
i. For students coming in with a background in classical genetics the typical answer here would be autosomal recessive.  
· The assigned genotypes might look something like this (note, the letter “B” is used to represent the normal allele, “b,” the mutated allele that leads to breast cancer):
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ii. Students can test their genotype designations by doing Punnet squares.  However, it is important to emphasize that there can be number of factors influencing the inheritance pattern, such as a phenotype controlled by more than one gene.  To truly understand the inheritance pattern more data is needed, therefore more family members must be added to the pedigree.

iii. This is an open ended question; however, to address it students should consider the probability of whether Denise has a genotype that, based on the nature of inheritance pattern deduced, would result in breast cancer.  Then, they can consider the validity of the conclusion reached by Denise and her doctors.

2. Part A – Section 2 – Breast Cancer Study

i. The pedigree produced shows that only the women in the family are affected.  The number of incidences displayed and the fact that there is an occurrence in every generation indicates that the incidence is due to more than just chance.  

ii. Applying the rules of classical genetics it is reasonable to conclude that the inheritance of breast cancer follows an autosomal recessive pattern.

iii. It is a valid concern, given her family history.  However, because the trait has been determined to be recessive, without additional information about her husband’s family it is very difficult to have any idea as to the probability of this occurrence of breast cancer in her children.

3. Part B – Section 1 – Answer to questions from the article

a. The primary cause of breast cancer in women is the accumulation of mutations during their lifetime.

b. Familial Breast Cancer is the type of breast cancer that results from the inheritance of a mutated gene.  Sporadic Breast Cancer is the type of breast cancer that results from the development of mutations in certain genes after birth.

c. Familial Breast Cancer accounts for 25 – 27% of all diagnosed breast cancers.  The remaining incidences are due to Sporadic Breast Cancer.

d. Mary-Claire King studies Familial Breast Cancer.  Specifically, the “high penetrance” form.

e. “High penetrance” refers to an inherited form of breast cancer that results in a high frequency of incidences in a single family.

f. “Breast Cancer Families” are families where breast cancer is inherited and the incidence of the disease is very high.

g. Approximately 20% of breast cancer incidences result from the inheritance of a “low penetrance” gene.

h. Factors implicated in Sporadic Breast Cancer include:

· Level and exposure time to reproductive hormones

· Age of onset of menarche and menopause

· Age at first child birth and number of child born

· Body weight and pattern of fat distribution

i. BRCA1 and BRCA 2

4. Part B – Section 2, c  

· The three main classes of genes involved in cancer are:  Oncogenes, Tumor Suppressor Genes, and Stability Genes.  Definitions of these terms can be found in the glossary section of the teacher pages.

· Cancer differs from other genetic disorders in that no one single mutation results in cancer.  Instead, cancer is the accumulation of mutations to both tumor suppressor genes and proto-oncogenes (resulting in oncogenes) that ultimately leads to the uncontrollable growth.

5. Part B – Section 2, e 

· BRCA 1 and BRCA 2 are tumor suppressor genes.

· Mutations in these genes disengage genes responsible for stopping cell division when DNA is damaged.  As a result, these mutations, coupled with the accumulation of mutation in other classes of cancer genes, lead to uncontrolled cell growth and division.

6. Part B – Section 2, f – Student responses to this question should include the following elements

· Identify markers, bits of protein or DNA on chromosomes that could be used to follow the flow of genetic information through a family.

· The key would be to correlate the presence of certain markers to those individuals diagnosed with breast cancer and see a different set in those individuals who are cancer free.

· Identifying the chromosomal markers associated with breast cancer would then enable the researchers to identify specific regions of chromosomes that carry gene(s) associated with the incidence of breast cancer.

· Mary-Claire King and her colleagues adopted a genetic approach to following chromosomes through a family afflicted with a high incidence of breast cancer.

· A successful genetic approach to determining the genetic link to breast cancer required the cooperation of many families so as much data as possible could be collected to create a genetic map.  In addition, these families had to be willing to donate DNA samples so that sequence analysis could be done to determine if they carried the mutated BRCA 1 or BRCA 2 gene.

7. Part C – Section 1 – The key element here is for the students to recognize that Barbara Weber’s patient, Vicky, is the same Vicky in the pedigree at the start of the lesson.  Listening carefully to the interview and looking closely at the pedigree Dr. Weber presents, students will come to the realization that Vicky’s sister who does not yet have breast cancer, and for whom it has been determined does not carry the mutated BRCA 1 gene, is Denise.  At this point revisiting the discussion question about Denise’s decision about a preventative mastectomy is appropriate.

8. Part C – Section 2 – Below is a table of possible “Pros” and “Cons” to the issue of genetic testing the students may develop.

	Pros
	Cons

	Relief in knowing your risk status
	Anxiety about developing cancer.  Having a mutation in a BRCA gene does not guarantee cancer, it means there is an elevated chance of developing the disease.

	Ability to develop an appropriate health care plan and the opportunity to develop relationships with physicians that can offer the best care
	Strained family relationships as a result of differential family risk results.  The strain may also result from some family members not wanting to know that a mutation in the family even exists.

	Chance to make your children aware of their potential for developing breast cancer and give them the opportunity to develop an appropriate health care plan.
	Guilt associated with the potential of passing the mutation on to your children

	
	Stress associated with the nature of the medical decisions that may now have to be made.

	
	Stress associated with medical care and health insurance costs.  
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