BIOE201 Project #2
Blood vessels supply the nutrients necessary for organ & tissue function---every action is dependent upon a healthy, intact vasculature.  Indeed, over 70 diseases are angiogenesis-related.  For example, peripheral artery disease (PAD), which affects 8-12 million Americans 1, 2, is caused by artery blockage in the lower extremities, resulting in fatigue & limping & in nearly 40% of patients, limb amputation.  There are no medical therapies available that correct the impaired blood flow in PAD, but developing new blood vessels could be an effective treatment.  In breast cancer, growth of abnormal blood vessels at the tumor site sustains tumor growth, development, & metastasis.  In fact, most tumors cannot grow larger than ~1 mm in diameter without recruiting their own blood supply, so developing drugs that inhibit blood vessel formation could effectively treat breast cancer.  
The VEGF family of ligands and receptors has been extensively studied as an anti-angiogenic drug target (cancer) or pro-angiogenic drug target (cardiovascular disease), because it is the major regulator of blood vessel growth 3. For example, VEGF-targeted monoclonal antibodies (Avastin & VEGF-Trap) have been developed to inhibit microvascular growth4; however, these anti-angiogenic drugs have not yielded the promise of sustained vascular inhibition5. Avastin is approved by the United States Food and Drug Administration (FDA) for the treatment of metastatic colorectal cancer, non-small cell lung cancer, and glioblastoma multiforme (brain cancer).  Avastin successfully decreases blood flow into tumor, vascular volume, microvascular density, interstitial fluid pressure, and the number of circulating endothelial and progenitor cells 6.  However, the use of this anti-angiogenic therapy has yielded serious complications.  In 2011, the FDA revoked the conditional approval of Avastin for the treatment of metastatic breast cancer; because the survival benefit was not demonstrated, and the drug came with some serious side effects, which include: hypertension, impaired wound healing, nose bleed, and possibly fatal gastrointestinal perforation 7.  Additionally, Avastin ultimately leads to drug resistance in patients who are not intrinsically resistant to anti-angiogenic therapies 8.  
In an attempt to circumvent the challenges of tumor anti-angiogenic drug resistance, the pedagogy of sequestering a single angiogenic molecule through mAbs has shifted towards the application of small molecule inhibitors that compete with ATP, thereby blocking tyrosine kinase receptor activity across several receptors or a “broad-spectrum” angiogenesis inhibition approach.  One such drug, sunitinib is approved for the treatment of hepatocellular carcinoma (kidney cancer), gastro-intestinal stromal tumor, and renal cell carcinoma; and it is in clinical trials for breast, prostate, and lung cancer, among other cancers.  Sunitinib inhibits VEGFRs, PDGFRs, along with other tyrosine kinase receptors.  When compared to Avastin, sunitinib shows striking improvement in physiological readouts of angiogenic inhibition and lower complication rate: sunitinib significantly decreases melanoma proliferation and VEGFR2 phosphorylation, in vitro; and although patients treated with sunitinib and other TKIs still experience bleeding, the incidence rate is lower than that of Avastin 9.  Therefore, improving the “broad spectrum” angiogenesis inhibition approach would allow for optimized drug treatment with decreased complications.  
Systems biology offers promising approaches for understanding the contributions of ligand-receptor signaling in disease and to predict optimal drug treatment strategies.  Your team has been hired to develop a systems biology approach for determining how to best target the VEGF-VEGFR signaling axis in angiogenesis.  Using the tools learned in Module 1: Mass Balances, you can systemically examine how signals enter cells (ligand-receptor binding), how they generate cellular response (second-messenger signaling), and how these signals can be best targeted by drugs (mAbs, small molecules, etc.).  
1. Determine which angiogenic disease you would like to treat.
2. Create a mathematical model that simulates the VEGF-VEGFR ligand-receptor reaction network in this disease. 
3. Determine which molecule or molecules you would like to target within the VEGF-VEGFR reaction network.
4. Use the model to quantitatively evaluate the relative effectiveness of your strategy.
5. Demonstrate the value of your quantitative analytical framework by using it to compare your strategy to current  drugs.  
Deliverables/Due Dates:
Mid-Semester Project: Each group must prepare a presentation and turn in a progress report (up to 5 pages) addressing the following topics:
· Importance of VEGF pathway in disease: Your group’s disease of interest.  What therapies are currently available to treat this disease? 
· Ligand-receptor dynamics: What are the VEGF ligands? What are the VEGFRs?  Where are these receptors located? What are the kinetics of binding (on/off rates)? 
· Second messenger signaling pathways: Which downstream molecules are activated by the VEGF-VEGFR axis?
· Prior modeling: Do other models exist that focus on this pathway?  If so, which ones, and what did they identify?
· Approach: What will you model?  How will you do it? 
· Preliminary results: any simulation results
· Next steps: what you need to bring it all together

[bookmark: _GoBack]Mid-Semester Report: Due by 3 pm, Wednesday, November 18, 2015, no extensions will be granted. Each team should turn in a paper copy in class and send a PDF file to Prof. Imoukhuede’s email address pii@illinois.edu.
Mid-Semester Presentations (powerpoint): Each team will have 8 minutes to present with 2 minutes for questions and answers.  Your team must email Professor Imoukhuede pii@illinois.edu your presentation before 6 am on the day that you are presenting.  You should also bring a copy of your presentation on a flash drive.  Presentations will be held on the following days: 
· Tuesday, November 17, 2015 (Teams 1-3)
· Wednesday, November 18, 2015 (Teams 4-10)

Final Presentations (powerpoint): Each team will have 7 minutes to present with 3 minutes for questions and answers.  Your team must email Professor Imoukhuede pii@illinois.edu your presentation before 6 am on the day that you are presenting.  You should also bring a copy of your presentation on a flash drive.  Presentations will be held on the following days: 
· Tuesday, December 8, 2015 (Teams 8-10)
· Wednesday, December 9, 2015 (Teams 1-7)

Final Report: Due by 5 pm Friday, December 11, 2015, no extensions will be granted.  Each team should turn in a paper copy to Prof. Imoukhuede’s Bioengineering mailbox and send a PDF file to Prof. Imoukhuede’s email address pii@illinois.edu.
Final Report Structure: Your report should include sufficient sections/ headings to help the reader understand your main points.  Your report should include at least the following: 
A. Title Page: The first page should list the title of your project, your team number, and the names of team members and it should include a one paragraph summary of the work you are presenting in the report with a description of the major findings.
B. Table of Contents: All pages should be numbered and a table of contents should be included at the beginning of your report with an accurate listing of headings and sub-headings, and appendices with their corresponding pages.  
C. List of Figures/Tables: Following the Table of Contents you should include a List of Figures and a List of Tables.  These are similar to the table of contents.  A List of Figures includes each of the figures found in the report with their corresponding page numbers.  A List of Tables includes each of the tables found in the report with their corresponding table numbers. 
D. Introduction: provide the motivation, an analysis of previous approaches, and the background necessary to understand the question you were asked to solve.
E. Mathematical Framework: provide the background necessary to explain and support how you framed the problem.  This section should include all the equations that you used with a full description of these equations and a figure that represents your system.
F. Simulations: what simulations did you carry out and why?  This is similar to an experimental design section of a proposal, but the experiments that you will carry out will be “in silico.”
G. Results and discussion: present a concise summary of your results (using figures and/or tables), describe the insights you gained about the system through your modeling efforts. 
H. Bibliography: Any information, ideas, figures, content, etc. obtained from another source must be cited.  You should make use of a reference manager.  The University of Illinois Library offers a free reference manager, Refworks.  For more information on Refworks, please visit http://www.library.illinois.edu/refworks/index.html.  Mendeley is another free reference manager.  Citations should use American Psychological Association, 6th Edition (APA 6th) format.
I. Appendices: All feedback (student, TA, and professor) must be included as an appendix. Including any reports/slides with comments and ALL evaluations (scanned copies are acceptable).  You must compile feedback and include a point by point discussion of how you addressed instructor, TA, and student critique in your report.
J. Figure and Table Legends: Each figure should include a figure legend below the figure and each table should include a table legend above the table.  A legend should include a title and a description of the key elements in the figure/table. 
K. Formatting:  Follow each of the formatting guidelines below.  The text of your report should not exceed 5 pages.  Limit your figures to 1 model figure, 1 parameter summary table, and up to 4 simulation results/data figures.  The following sections are not included in the page limit: Title Page, Table of Contents, List of Figures/Tables, Bibliography, and Appendices.
· Single spaced
· ½ inch margins
· Arial Font, Font size 11
· All pages should be numbered
Supporting your ideas & statements: When proposing an idea or when making a statement, you must provide quantitative, textual, or visual data to support your idea or statement.  Examples --
Unacceptable statement:  Many researchers are interested in angiogenesis.  
Critique: Why should we believe this?
Acceptable statement:  Since 2002, Pubmed reports that over 4,000 papers have been published in the field of angiogenesis1.
Critique: Here we provide data to support the idea that angiogenesis is a growing field and we provide a citation to back up the claim.
Similarly, you should use specific quantities instead of general statements.  Rather than saying “many,” “a few,” “on average,” you should specifically state how many, how few, and average ± standard deviation or standard error of the mean.  Examples --
Unacceptable statement: On average our target drug decreases angiogenesis.
Critique: How are you measuring a decrease in angiogenesis?  What is your drug doing?  Be specific!
Acceptable statement: Our computational model reveals a 40% decrease in Akt phosphorylation when VEGF binding to VEGFR1 is blocked by our drug.  This decrease in Akt phosphorylation serves as a proxy for decreased angiogenesis, since this is a major signaling pathway in angiogenesis2.   
Critique: Here we provide quantitative data to support a decrease in angiogenesis (from our model).  We also define what we mean by a “decrease in angiogenesis.”  A graph may also be included as a figure in the report or as an appendix to provide a graphical evidence.
Physiology: As bioengineers our expertise is in studying and engineering biological systems.  As such, descriptions of biological processes should accurately represent human physiology.  A good approach would be to explore and describe the molecular, cellular, tissue, and systemic effects of your proposed intervention (examine each level).  
Unacceptable statement:  Our drug will increase circulation by activating processes involved in blood vessel formation.
Critique: The statement is not specific on the processes that involved in blood vessel formation.
Acceptable statement: Our drug aims to increase circulation in the calf muscle.  Our approach will be to increase the activation of vascular endothelial growth factor receptors (VEGFR) on endothelial cells within the skeletal muscle. The VEGF-VEGFR signaling axis is a major signaling process in angiogenesis, which is the growth of blood vessels from preexisting microvasculature.  The binding of VEGF to VEGFRs results in the phosphorylation of tyrosine residues on VEGFRs, which activates second messenger pathways (e.g. Akt, JNK, etc.) leading to the proliferation and migration of endothelial cells.  Our drug will optimally activate these receptors through irreversible binding to VEGFRs.  We believe that this increased VEGFR activation will increase the formation of new blood vessels in the gastrocnemius muscle, thus increasing circulation in the calf muscle. 
Critique: The statement above provides a thorough description of the biological processes that govern the proposed treatment.  It defines the receptors and signaling molecules involved in the underlying process that is being targeted.  More info could be given on the specific VEGFRs to be targeted.  More info could be given on the specific signaling pathways and how they lead to endothelial cell proliferation and migration.  More information could be given on the specific vascular beds within the muscle that could be targeted. Citations should be included to support the idea that this intervention would work, possibly a review article proposing this approach or primary articles that have shown increased vascular density with increased VEGFR activation.  Citations should also be included for information on VEGF signaling (a biology textbook citation would be sufficient).
Good resources:
Receptors : models for binding, trafficking, and signaling 
Jennifer J. Linderman, Douglas A. Lauffenburger.
New York : Oxford University Press, 1993.

Receptor/ligand sorting along the endocytic pathway 
Jennifer J. Linderman, Douglas A. Lauffenburger.
Berlin ; Springer-Verlag, c1989.
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