Let’s Cure Cancer! Teacher Guide
Life Science

	Introduction
	An MEA on Drug Development for Cancer Treatment


This activity consists of a Model-Eliciting-Activity (MEA) that provides students with the opportunity to investigate the process of cancer as they research new chemotherapeutic agents to reduce cancer mortality rates and improve outcomes for cancer patients. Toward this worthy goal, students have the opportunity to research several new drug therapies for cancer and select a drug to recommend to financial investors looking to make a profit in the cancer drug market. 

	FL Standards 
	



SC.912.L.16.8 Explain the relationship between mutation, cell cycle, and uncontrolled cell growth potentially resulting in cancer.

	Guiding Questions 
	



1. What causes cancer?
2. How can we prevent and/or cure cancer? 

	Prior Knowledge 
	



1. Students should be able to describe the chronological events in mitosis and normal cell division.
2. Students should know how normal cell division is regulated.

	Learn ing Objectives
	



1. Identify potential target sites for cancer therapies based on events in cell division.
2. Use data to evaluate novel chemotherapies as candidate cancer treatments.

	Timeline 
	



Estimated number of class periods:		3
Time per class period:			day 1: 10 minutes; days 2-3: 50 minutes

	Procedure
	



Day 1 (Introduction and homework assignment):

1. Introduce the activity as an opportunity to explore how cancer as a disease is treated through chemotherapies. Assign the Cancer Fact Sheet for background reading as homework. 
2. Ask the students to define the vocabulary terms at the end of the article as part of their homework. These words are highlighted in the text for ease of locating. 

Day 2 (Process development and recommendation):

3. Re-introduce “Let’s Cure Cancer!” by soliciting definitions of words from the Cancer Fact Sheet as a classroom activity.
4. Begin the lesson with the Drug Development Timeline displayed for the class showing the 7 steps, each taking over 2 years to complete. Point out that this is a typical time course to develop a new drug and make it available to the public, although there can be exceptions. 
5. As a class group, have the students participate in the interactive website that walks them through how Gleevac, a new drug for leukemia, was developed: Designing Cancer Drugs. Read the text on each slide and let the students select the correct answers. (If the students are high achievers, you may prefer to have them work through the website individually.) This will take about 15 minutes. 
6. Explain that the class will be divided into groups of 3-4 students to serve as an advisory committee of cancer experts to an investment company, BetterCures. Pass out Letter 1 from BetterCures to individual students to read and process.

7. As a class, discuss the challenge outlined in Client Letter 1: to advise the BetterCures on the best of four proposals to invest in to develop a new blockbuster drug for cancer treatment. Remind students that the investment company is interested in making a profit from their investment of research money. Also as a class, discuss the vocabulary terms highlighted in the letter that are frequently used in business or scientific research.
8. Review Readiness Questions to make sure students understand their task (questions are after Client Letter 1). 
9. Next, pass out the Research Proposals with summaries of the four proposals submitted by scientists from major research institutions. This contains details to help the committee determine which scientist has the most promising drug such as (1) how far along the research is for a particular drug, (2) what the mechanism of action is, if known, and (3) what type of cancer it will be used to treat. (Important information is highlighted.)
10. Pass out the following documents to each student: Data Set 1, Data Set 2, and the Drug Development Timeline. These documents provides information about how many people have certain types of cancer and how many die from them in the U.S. (Data Set 1) and survival rates for specific cancers at 1, 5, and 10 years from the U.K. (Data Set 2). Spend 10 minutes explaining how to read the data tables and timeline.
11. Pass out the Proposal Data Table and ask the students to individually outline a process to rank the proposals using this as an example - allow 30 minutes. 
12. Then ask students to divide up into their respective committees (groups of 3-4) to present their processes and discuss the proposals. Students should select the best ideas from each team member to create a group procedure.
13. Each committee is to reach a consensus on how to evaluate the information and rank the proposals. They will use this to make a recommendation to the investment company, BetterCures, in a letter detailing their process and final recommendation.

Day 3 (Presentations, the twist and writing the client letter):

14. Instruct each group to finish and review their recommendation and rationale for their decision.
15. Have each group present their recommendation and rationale for their decision to the class. 
16. Pass out Client Letter 2 and Research Proposal 5 to the class. Have the students read through the letter and new proposal, then as a class, summarize what is contained in the letter and any new information.
17. Each group will then re-evaluate their decision, revising their process to incorporate the new data. Challenge each group to back up their decision with data, whether or not they decided to change their recommendation.
18. Optional: have each group write a letter back to the client (BetterCures) detailing their final recommendation and reasons for choosing this proposal. Be sure to include the table in the letter to the client to show them how you selected the recommended proposal.
	Required Materials 
	


Attached Documents:
	· Cancer Facts
	· Data Set 1 US_Cancer_2015

	· Procedure Rubric 
	· Data set 2 UK_Cancer_Survival_2010

	· Summary Data Table
	



	Extensions 
	



· For higher achieving students, additional challenges can be introduced by suggesting they write an additional research proposal using their own insight into the disease and what directions cancer research might take based on information from abstracts 1- 5.
· For struggling students, the attached Summary Data Table can be provided. They should still be expected to design a procedure to rank the proposals. 
Sources: Inspired by National Foundation for Cancer Research: National Foundation for Cancer Research 


Client Letter 1
Dear Esteemed Scholars:
My investment company in biotechnology start-ups is seeking to invest in a new cancer drug. We have submitted a Request-for-Proposals to identify scientists with promising chemotherapies and have received several good prospects. We are trying to decide which drug to invest in to “take to market”. But we don’t understand the science behind their claims and could benefit from your expertise as cell biologists. In order to come to a decision, we are asking you to review abstracts from several scientists, all of who are eager to bring in additional funds to get their drug developed. 
There are several parts of the drug design process that we need to consider in deciding where to invest: (1) how the drug works (the mechanism of action (MOA)); (2) what type of cancer it is designed to treat; (3) what stage of drug development it is currently in (discovery, product characterization, preclinical studies, or clinical trials); (4) other considerations that may sway your recommendation. This will help us evaluate how much money and time will be required to begin selling the drug and to look for return of investment. 
We would very much appreciate having you review the abstracts and provide some guidance. Please look over this data and develop a procedure for ranking the scientists and their drug proposals. We look forward to hearing from you. Please write us back and tell us the order in which you ranked the doctors and why. Also, provide us with the detailed procedure for how your team ranked the proposals from best to worst. Make sure your team's procedure will work even if we decide to research and collect additional data from other scientists. Thank you for your help. 
Sincerely,
BetterCures, Inc.
Industrial Blvd.
Cancer-free, Ohio 12345 
Readiness Questions:

1. Vocabulary terms to be familiar with in Client Letter 1:
a. Investment company
b. Start-ups
c. Request-for-Proposals
d. Abstracts
e. Return-of-investment
f. Procedure
2. What is the problem described in Client Letter 1?
3. Who is the client?
4. What is the client asking your team to do?
5. What do you need to provide to the client?

Readiness Questions with Answers:
1. Vocabulary terms to be familiar with in Client Letter 1:

a. Investment company - a company whose main business is to invest money on behalf of its shareholders who in turn share in the profits and losses.

b. Start-ups - organizations that search for highly-valued products that with the potential of a fast growth business model. These are not the same as a small business or investment in an existing company.

c. Request-for-Proposals – a mechanism to solve a problem or get something accomplished through a competitive process. This usually consists of a document called a “Request-for-Proposals” posted inviting applications for funding. There is a review process and the company that designs the best proposal is selected. 

d. Abstracts – a summary of a research or business plan.
e. Return-of-investment (ROI) – a method used to determine how much profit results from a particular product; typically the profits resulting from an investment are divided by the total value of the company invested in.

f. Procedure – a step-by-step process to achieve the desired result.
2. What is the problem described in Client Letter 1? The client is looking to make money by investing in cancer research that will produce a new drug. You are a member of a scientific advisory committee with expertise in cancer biology.

3. Who is the client? An investment company called BetterCures that invests money to fund new biotechnology companies.


4. What is the client asking your team to do? BetterCures is asking for advice on selecting a research proposal that would lead to a profitable drug.

5. What do you need to provide to the client? Initially BetterCures requests a detailed procedure on how you rank the four original proposals and the actual ranking. The company then shares additional information that may or may not change your selection procedure and rankings. You are asked to provide a second ranking using the additional information in the form of a letter.

Data Set 1
Scientist 1 (Florida State University) has studied the use of ancient Chinese herbal medicine formulas for the past 11 years. He has identified the actions of a specific compound, called PHY211, which exhibits anti-cancer properties in human breast cancer cell cultures. The mechanism has not been fully elucidated but early studies indicate that it induces apoptosis in cancer cells, thus preventing tumor formation. An application for FDA approval was submitted and Phase I clinical trials have begun with no indication of safety issues at levels administered. Additionally, earlier studies of PHY211, when used in combination of a traditional chemotherapy in prostate and ovarian cancers, showed that it greatly relieved gastrointestinal side effects common to treatment, thus acting to potentiate the benefits for some chemotherapies as more drug could be absorbed.
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Scientist 2 (University of North Carolina, Chapel Hill) is developing a new style of drug called Pro-Med, a promising treatment for pancreatic cancer, which has proven difficult to treat due to the dense tumors characteristic of this cancer. These new drugs only target cancer cells that survive at low oxygen levels within a solid tumor. Normal cells are unable to survive in such low oxygen conditions and thus, would not be affected by the toxic drug. The drug is administered in an inactive form (pro-drug) but converts to an active drug in the low oxygen environment of this particular type of cancer cell. It acts by interfering with glycolysis, thus, starving the cells of energy. This drug is being used in Phase 2 Clinical Trials and early reports are encouraging. Additionally, Pro-Med may significantly extend the use of traditional treatments when used in combination in all solid tumor-forming cancers, pancreatic, cervical, and prostate cancer, potentially.
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 (University of California, San Francisco) is seeking to understand how and why a protein vital to protein synthesis appears to have potent anti-cancer activity in kidney cancer cells. The protein, an enzyme called Pep-T, is responsible for attaching amino acids from a tRNA molecule to a growing peptide within the ribosome, and yet, it has also been shown to shut down tumor activation by interfering with a growth-factor signaling pathway. Growth-factors often act by stimulating cell proliferation through a signaling cascade of events. The mechanism for Pep-T inhibition of cell proliferation appears to be competitive inhibition of a growth-factor receptor on the surface of kidney cancer cells; studies using animal models with kidney cancer have been encouraging. However, treating humans with sufficient Pep-T to stop cancer growth might impact normal protein synthesis elsewhere. Working with a team of oncology specialists, Scientist 3 wishes to begin clinical trials using Pep-T on cancer patients after FDA application and Phase 1 Clinical Trials. 



Scientist 4 (University of Miami) is developing new strategies to treat cancer cells that have become resistant to Taxol, a common and mostly-successful chemotherapeutic agent in breast and ovarian cancers. Scientist 4 and her team has developed an antibody to tubulin (Ab-tub), a protein that forms the mitotic spindle of dividing cells. Cell cultures treated with Ab-tub show the mitotic spindle fails to assemble, crippling the cell’s ability to divide. Ab-Tub is now in Phase III Clinical Trials to test for long term use of the drug. Previous drugs that target the mitotic spindle have largely been effective at inhibiting cancer growth for one to two years. Another drug trial is planned that will test Ab-tub along, Ab-tub in combination with Taxol; Taxol initially, then Ab-tub subsequently. Once Phase III Clinical Trials are completed, Ab-tub as an additional chemotherapeutic agent with or without Taxol is hoped to be a new strong defense against breast and ovarian cancers.
Mitosis 
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Table I for Analyzing Drug Investment Strategies

	Research Site
	MOA
	Drug Name
	Current Stage
	Time to Completion
	Cancer Type
	Benefits/Concerns

	1 – FSU
	
	
	
	
	
	May potentiate benefits when used in combination with other chemotherapies

	2 – UNC
	
	
	
	
	
	May extend the use of traditional treatments in other cancers

	3 – UCSF
	
	
	
	
	
	Might impact normal protein synthesis

	4 – U Miami
	
	
	
	
	
	May be used with Taxol








Letter Template 1

Dear ______________,
Our procedure for selection is as follows:
1.
2.
3.
4. (if needed)

We ranked the proposals in the following order starting from the one we recommend for funding:
1.
2.
3.
4.
Our recommendation was based on _______________________________
____________________________________________________________ 



Client Letter 2
Dear Esteemed Scholars:
Excellent report! We cannot thank you enough for your careful evaluation. Based on your recommendation, we were ready to throw our funding support to the team you selected. However, we just received new information that may affect your decision. A fifth proposal came to our attention and describes an intriguing direction of research that would reduce the rate of lung cancer in young adults. 
We would very much appreciate you having a look at this new abstract (Scientist 5) and evaluate it based on your previous method. Below is the additional abstract. Please report back to us with your recommendation (even if you have not altered your top choice) and any information you used in your selection procedure. Please provide us with your procedure as before and let us know if you have or have not altered your rankings of the now five proposals.
Our deepest gratitude.

Sincerely,
BetterCures, Inc.
Industrial Blvd.
Cancer-free, Ohio 12345


[image: ]
Scientist 5 (University of Florida), representing a team of psychologists and public health experts is proposing a unique mechanism to prevent new cancers. Rather than propose a new drug to treat cancer, it has developed a drug to help young adults stop smoking. It is well known that smoking cigarettes causes lung cancer, but also that the nicotine in cigarettes is addictive, making it difficult for people to stop once it becomes a habit. GFR225 interacts with a nicotine receptor reducing the withdrawal symptoms so that stopping is not as unpleasant. Animal models have shown the effectiveness of GRF225 on nicotine addiction with no discernable side effects. The team is ready to apply for FDA approval and begin Phase I Clinical Trials. 
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Table II for Analyzing Drug Investment Strategies
	Research Site
	MOA
	Drug Name
	Current Stage
	Time to Completion
	Cancer Type
	Benefits/Concerns

	1 – FSU
	
	
	
	
	
	May potentiate benefits when used in combination with other chemotherapies

	2 – UNC
	
	
	
	
	
	May extend the use of traditional treatments in other cancers

	3 – UCSF
	
	
	
	
	
	Might impact normal protein synthesis

	4 – U Miami
	
	
	
	
	
	May be used with Taxol

	5 – Florida
	
	
	
	
	
	Prevents cancer by helping to stop smoking
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Letter Template 2
Dear ______________,
Our procedure for selection is as follows:
1.
2.
3.
4. (if needed)
Our procedure (did/did not change) because _________________________

_____________________________________________________________.
We ranked the proposals in the following order starting from the one we recommend for funding:
1.
2.
3.
4.
5. 
Our recommendation was based on _______________________________
____________________________________________________________ 

Sincerely,
__________________________
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