SYLLABUS  - MCMP 618 “Molecular Targets:  Cancer”

Wednesday, 3:30 – 5:20, ARMS 3109
DRAFT – 1/8/13
Text and Reading List:  No assigned text; Goodman & Gilman’s “The Pharmacological Basis of Therapeutics” may be used for background material.  See attached list of primary literature.  Each paper will either be available online, or will be copied and distributed to the class.

Evaluation Procedures:  The course grade will be assigned based on a percentage of the total possible points in the class:  90-100% = A; 75-89% = B; 60-75% = C; <60% = F.  The students will be evaluated on the basis of their performance in three different areas, as described in detail below.  The weight given to each area is as follows:  Class Participation:  30%; Oral Presentation:  35%; Written Proposal:  35%.  Note that a failing performance in any one of the three areas (as defined below) will be grounds for failing the course.
Class Participation: Class participation is a critical part of this course and students will be evaluated on the basis of their contribution to the group discussion.  The instructor in charge of the module will be responsible for the evaluation.  Each student is expected to read all assigned papers in advance, and be prepared to discuss them.  Each student also must submit one (typewritten) question regarding the paper at the beginning of the class period. The grading will be done on a S/NS basis.  An S will be given when the student has obviously read the paper and takes an active role in the discussion.  An NS will be given when the student fails to participate, or does not appear to understand the nature of the discussion.  Failure to provide a written question for each paper will result in an NS for class participation for that day, irrespective of participation in the day’s discussion.  Each student’s accumulated total participation points will be divided by the total available (1 point per paper presented) to arrive at a final assessment score.  A score of less than 70% will be considered a failing grade on this portion of the course.

Oral Presentation: Oral presentations are also a critical part of this course and students will be evaluated on the basis of their presentations.  Each instructor will assess the student oral presentations in their section.  The course coordinator will assign the students to present specific papers. Each student will present two assigned discussion sections (in two different modules of the course).  The presentations and accompanying discussion will take 30 minutes to 1 hour.  The presentation and discussion will follow, in a general sense, the format of an NIH study section. Each instructor, in each of the modules, will evaluate the student on the basis of their performance in presenting the paper, and in leading the discussion. The student’s oral presentations will be given an overall assessment based on four criteria: a) understanding of hypothesis and scientific goals of the paper; b) understanding of the methods used in the paper; c) presentation (voice, pace, use of PowerPoint, enthusiasm); and d) response to questions.   Each will be evaluated based on a 2 point (excellent)/1 point (acceptable)/0 point (deficient) basis, for a total possible score of 8 points for each paper presentation.  The points for presentation will be totaled, divided by the total points possible, and converted to a percentage value. A score of less than 50% will be considered a failing grade on this portion of the course.  Failure to present one of the papers will also result in a failing grade for this section. If the student is unable to attend the class period where they are scheduled to present for any reason, they must contact the course coordinator and make alternative arrangements.
Written Proposal: The proposal should be brief and concise in nature.  It should be constructed to generate preliminary data to address the feasibility of a follow-up proposal.  The experimental work proposed should be very limited – it should be something a single student could accomplish in six months to one year.  A maximum length of five pages (single-spaced, including figures but excluding the title page and references) is allowed.  The paper must fit into a standard NIH format; more details on the exact format will be provided at the time of the distribution of the proposal topics.  The proposal topic will be chosen by the student from a list of potential topics developed by the instructors and provided by the course coordinator. The paper should address many, if not all, of the common course themes listed below.  The list of potential topics will be distributed to the students by Wednesday, February 20, and the student will then have until Friday, March 1 to choose the topic, which will be in an area distinct from their current research.  The due date for the proposal will be Friday, April 5.  The proposal will be evaluated on a 0-100 point scale, and the student will receive the written evaluation by Friday, April 19. A score of less than 60% will be considered a failing grade on this portion of the course.  The student will have the option of revising the proposal in response to the critiques.  However, note that a revised proposal can only receive a score with a maximum value of 15 points greater than that obtained in the first submission. The revised proposal will be due by the end of the finals period (Saturday, May 4).

Common Themes for MCMP 618:

a. Historical context:  how was the biological system recognized as a drug target?

b. Crosstalk in signaling pathways

c. Therapeutic (or potential therapeutic) agents

d. Signal transduction

e. Comparison of therapeutic approaches


f. Structures of targets

Course Director and Instructor:

Richard A. Gibbs, Professor of Medicinal Chemistry and Molecular Pharmacology

Office: RHPH 406B

Tel: 4-1456

Email: rgibbs@purdue.edu 

Course Instructors:

Mark S. Cushman, Professor of Medicinal Chemistry

Office RHPH 412B

Tel: 4-1465

Email: cushman@pharmacy.purdue.edu
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Lecture Schedule

Instructor
Date

Day

Topic







Gibbs
Jan. 9

W

Introduction

Liu

Jan. 9

W

Module 1: Cancer as a genetic disease
Hazbun
Jan. 16

W

Module 2: Target identification and validation

Hazbun
Jan. 23

W

Module 3: Cell Cycle

Gibbs 

Jan. 30

W

Module 4: Kinase inhibitors:  Chemistry & Biology
Gibbs

Feb. 6

W

Module 4: Kinase inhibitors:  Chemistry & Biology
Gibbs

Feb. 13
W

Module 5: PI3K/Akt Pathway
Gibbs
Feb. 20
W
  
Modules 6 & 7: Prenylation & Hedgehog Pathway
Feb. 20
W

Proposal Ideas Distributed
Gibbs

Feb. 27
W

Modules 6 & 7: Prenylation & Hedgehog Pathway
Mar. 1

F

Proposal Topic Chosen

Hu

Mar. 6

W

Module 8: Transcription factors 
NO CLASS
Mar. 13
W

SPRING BREAK

Davisson
Mar. 20
W

Module 9 & 10: Heat Shock Proteins; 

                                                                                               Intrinsic Apoptotic Pathway
Gibbs

Mar. 27
W

Module 11: Nuclear hormone receptors
Davisson
April 3

W

Module 9 & 10: Heat Shock Proteins; 

                                                                                               Intrinsic Apoptotic Pathway

April 5
F

Proposals Due
Gibbs

April 10
W

Module 12: Cytoskeletal Proteins 

Cushman
Apr. 17
W

Module 13: Topoisomerases

Cushman
Apr. 24
W

Module 13: Topoisomerases

May 4

Sa

Revised Proposals Due
Description of Topics and Assigned Reading List

Module 1 – Cancer as a Genetic Disease (Liu; 1/9)

The genetic basis of cancer will be discussed. The history and updated understanding in cancer will be overviewed. Germline genetic susceptibility to cancer and somatic genetic changes as a direct cause for cancer will be discussed. Recent proceedings in cancer genome-wide association studies and high-throughput sequencing of cancer genome will be summarized. The clinical implication of findings in cancer genetic and genomic research will be also discussed. 
Module 2 – Methods for Target Identification and Validation (Hazbun; 1/16)

Contemporary methods for target identification and validation will be discussed.  The utility of cytogenetic, expression, and mutational analyses will be discussed in the context of target identification.  The utility of overexpression studies, gain-of-function mutants, dominant-negative mutants, genetic knockouts, and pseudogenetic strategies will be discussed in the context of target validation.  The use of genetic model systems for target identification and validation will also be discussed.  This module will NOT include student presentations.

Module 3 – Cell Cycle (Hazbun; – 1/23)

Uncontrolled proliferation of cancer cells is dependent upon mitosis and related cell cycle processes.  Tubulin is a cell cycle component that has been an established anti-cancer drug target for several agents that modulate its dynamics.  Despite the long history of tubulin as an anti-cancer target, it is still the only mitotic target for clinically approved agents.  The lack of additional mitotic targets is about to change because a new generation of chemical agents are entering clinical trials.  These agents target mitotic kinases such as Aurora, Polo and cyclin-dependent kinases.  In addition, microtubule motor proteins (kinesins) are showing promise as novel targets with increased specificity for the proliferating cancer cell compared to tubulin.  The first session of the cell cycle module will cover cell cycle biology with a focus on key mitotic regulators that are currently promising drug targets.  The second session will discuss the discovery of Aurora kinase inhibitors and their mode of action in inducing cancer cell death.  Another mitotic regulator, the mitotic kinesin KSP, will also be discussed.

Literature for discussion
Discussion Section 1 (1/23a)

Aneuploidy acts both oncogenically and as a tumor suppressor. Weaver BA, Silk AD, Montagna C, Verdier-Pinard P, Cleveland DW. Cancer Cell. 2007 Jan;11(1):25-36. PMID: 17189716

Discussion Section 2 (1/23b)

Small molecule targeting the Hec1/Nek2 mitotic pathway suppresses tumor cell growth in culture and in animal. Wu G, Qiu XL, Zhou L, Zhu J, Chamberlin R, Lau J, Chen PL, Lee WH. Cancer Res. 2008 Oct 15;68(20):8393-9. PMID: 18922912

Module 4 – Development of Kinase Inhibitors:  Chemistry & Biology (Gibbs; 1/30 & 2/6)

Protein phosphorylation is perhaps the most important mechanism for the regulation of the activity of cellular proteins.  Thus, the kinase enzymes that carry out this process are of crucial importance in cellular activity, and are thus natural potential targets for drug discovery in a variety of different diseases.  First, I will provide an overview of certain key, well-studied kinase-mediated signaling events, with an emphasis on those processes important in cancer cell growth.  This lecture will also provide a discussion of inhibitor development in the area of EGFR inhibitors (for a detailed review, see A. J. Bridges “Chemical Inhibitors of Protein Kinases” Chem. Rev. 2001, 101, 2541-2571).  The second lecture will present a general overview of the current progress in this area, illustrating how recent advances in biology and chemistry are being used to develop kinase inhibitors as drugs (for a review, see I. Collins & P. Workman “New approaches to molecular cancer therapeutics” Nature Chem. Biol. 2006, 2, 689-700). There will be no discussion sections in this module. In the second half of the lecture on 1/31, we will first discuss the clinical results obtained with two very different types of inhibitors:  small molecule kinase inhibitors (gefitinib et al) and monoclonal antibodies (Herceptin).  In the concluding section, an overview of potential intracellular kinase targets will be presented, along with a discussion of the development of Glivec (imatinib), the first and prototypical kinase-targeted small molecule anti-cancer therapeutic (see R. Capdeville, E. Buchdunger, J. Zimmermann & A. Matter “Glivec, a Rationally Developed, Targeted Anticancer Drug” Nature Rev. Drug Develop. 2002, 1, 493-501). In the discussion section (on 2/6), two students will present data from the two listed papers on the synthesis and mechanism of action of dasatinib (Sprycel), a second-generation BCR-ABL kinase inhibitor.  A third student will present data from a paper on a novel approach to BCR-ABL inhibitors. In the fourth discussion period, a student will present data from a paper on the development of inhibitors of the kinases c-MET and ALK, leading to the recently approved agent Crizotinib.
Discussion Section 1 (2/6a):

L. J. Lombardo et al. “Discovery of N-(2-Chloro-6-methyl-phenyl)-2-(6-(4-(2-hydroxyethyl)-piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide (BMS-354825), a Dual Src/Abl Kinase Inhibitor with Potent Antitumor Activity in Preclinical Assays” J. Med. Chem. 2004, 47, 6658-6661.

Discussion Section 2 (2/6b):
L. Song et al. Dasatinib (BMS-354825) Selectively Induces Apoptosis in Lung 

Cancer Cells Dependent on Epidermal Growth Factor Receptor Signaling for Survival” Cancer Res. 2006, 66, 5542-5548. 


Discussion Section 3 (2/6c):

N. S. Gray et al. “Allosteric inhibitors of Bcr-abl-dependent cell proliferation” Nature Chemical Biology 2006, 2, 95-102.

Discussion Section 4 (2/6d):

Cui, J. J. et al. "Structure Based Drug Design of Crizotinib (PF-02341066), a Potent and Selective Dual Inhibitor of Mesenchymal–Epithelial Transition Factor (c-MET) Kinase and Anaplastic Lymphoma Kinase (ALK)". J. Med. Chem. 2011 54, 6342–6363.
Module 5 – PI3K/Akt Pathway (Gibbs; 2/13)

The PI3K pathway is critical for many aspects of cell growth and survival. Modifications in the expression or activity of components of the signaling pathway are frequently encountered in human cancer. Since the pathway is activated in tumor cells, components of the pathway are attractive as drug targets for the development of antitumor agents.  The biological characteristics of the pathway will be presented in the didactic lecture.  In the discussion sections two alternative routes to the development of small molecule therapeutics based on this pathway will be presented.


Discussion Section 1 (2/13A).

Q. W. Fan et al. (2006) “A dual PI3 kinase/mTOR inhibitor reveals emergent efficacy in glioma” Cancer Cell 9, 341-349.

Discussion Section 2 (2/13B).

 B. Apsel et al. (2008) “Targeted polypharmacology:  discovery of dual inhibitors of tyrosine and phosphoinositide kinases” Nature Chemical Biology 4, 691-699.
Module 6 – Prenylation (Gibbs; 2/20 & 2/27)

Small monomeric G proteins of the Ras and Rho families play key roles in the oncogenic process, and more generally in the growth of tumor cells.  However, it was not until the elucidation of protein prenylation, specifically the farnesylation of Ras by farnesyltransferase, that there was a practical way discovered to target these proteins.  The development of farnesyltransferase inhibitors (FTIs) has been one of the most active areas of anticancer drug development for the past ten years.  The historical background, discovery, and evolution of this field will be presented in the didactic lecture.  Numerous potent FTIs have been developed and extensively evaluated in preclinical model biological systems.  The discovery of more potent FTIs, and in particular the results seen with agents currently being evaluated in clinical trials will then be emphasized in the didactic lecture (on 2/20).  The emerging, surprising differences between the proposed and actual anticancer mechanisms of the FTIs will also be discussed. In the discussion section (on 2/27), two papers will be presented. They will concern the repurposing of prenylation inhibitors as possible drugs for the rare, orphan genetic disease progeria.
Discussion Section (2/27a).

L. G. Fong et al. “A protein farnesyltransferase inhibitor ameliorates disease in a mouse model of progeria”  Science 2006, 311, 1621-1623.

Discussion Section (2/27b).

I. Varela et al.  “Combined treatment with statins and aminobisphosphonates extends longevity in a mouse model of human premature aging”  Nature Med. 2008, 14,  767-772.
Module 7 – Hedgehog Pathway Inhibitors (Gibbs; 2/20 & 2/27)

The Hedgehog pathway is a complex signaling pathway originally discovered via an unusual genetic defect in Drosophila.  Chemical inhibition of the pathway in mammals was also linked to genetic defects, demonstrating the central role of Hedgehog in development.  Further investigation of the pathway led to a demonstration of numerous links to the development of cancer, particularly Gorlin syndrome or nevoid basal cell carcinoma (BCC).  The elucidation of the complex biological pathway has provided the opportunity for the development of chemical inhibitors of the pathway. This has led to intense interest in the development of cancer chemotherapeutics targeting the Hedgehog pathway.   The historical discovery of the pathway and the elucidation of its biological details, including the various links to cancer, will be presented in the didactic lecture on 2/20.  In the discussion section on 2/27, two papers will be presented on the chemical discovery and clinical evaluation of Vismodegib, a Hedgehog pathway inhibitor approved in 2012 for the treatment of BCC.
Discussion Section (2/27c).

Robarge, K. D. et al. GDC-0449 — a potent inhibitor of the hedgehog pathway. Bioorg. Med. Chem. Lett. 19, 5576–5581 (2009).

Discussion Section (2/27d).

Von Hoff, D. D. et al. Inhibition of the hedgehog pathway in advanced basal-cell carcinoma. N. Engl. J. Med. 361, 1164–1172 (2009).
Module 8 – Transcription factors (Hu, 3/6)

Among 26,588 of predicted proteins in human genome, 6% (1850) of these are transcription factors. Theoretically, each transcription factor participates in the regulation of approximately 15 genes. However, microarray analyses have revealed that some families of transcription factors regulate expression of several hundreds of target genes. Paradoxically, results from promoter array analyses and bioinformatics suggest that several thousands of potential binding sites for most common transcription factors such as AP-1 may exist in human genome. The question is how these few hundreds of target genes are differentially turned on under different conditions. This module will briefly review our basic understanding of transcriptional regulation and use NF-B pathways as an example to discuss the targeting of transcriptional regulation at multiple levels. The ultimate goal is to help you understand how to identify unique regulatory events in the context of transcriptional regulation as molecular targets for anti-cancer drug development.

Lecture (3/6)

Gilmore, T.D. and Herscovitch, M. Inhibitors of NF-B signaling: 785 and counting. Oncogene, 2006, 25:6887-6899.

Discussion Section 1 (3/6A)

Tan, W., Li, Y., Yu, D., Thomas-Tikhonenko, A., Spiegelman, V.S., and Fuchs, S.Y. Targeting -transducin repeat-containing protein E3 ubiquitin ligase augments the effects of antitumor drugs on breast cancer cells. Cancer Research, 2005, 65:1094-1098.

Discussion Section 2 (3/6B)

Matsumoto, G., Namekawa, J., Muta, M., Nakamura, T., Bando, H., Tohyama, K., Toi, M., and Umezawa, K. Targeting of nuclear factor kB pathways by dehydroxymethylepoxyquinomicin, a novel inhibitor of breast carcinomas: antitumor and antiangiogenic potential in vivo. Clinical Cancer Research, 11:1287-1293.
Module 9 – Heat Shock Proteins (Davisson, 3/20 & 4/3)

Molecular chaperones are proteins that support the correct folding, conformation, functional status and cellular localization of proteins required for signaling, cell maintenance and survival. These proteins have long been associated with their key role during times of stress, which has led to an appreciation that these proteins also are critical in pathologies. This point has been highlighted in targeting certain cancers where over-production and critical protein-protein interactions are modulated by the Heat Shock Protein 90 (hsp90). A central feature to this protein is it’s role in stabilizing multiple signaling pathways and cellular processes that promote tumor growth and inhibit cell death. While the first generations of clinical trials of compounds targeting hsp90 were not highly effective, there continues to be new promising leads with multipotent activities. 

Discussion Section  (4/3A):

The second paper highlights the broader application and potential of targeting other critical members of the heat shock protein family. 

J. I-Ju Leu et al “A Small Molecule Inhibitor of Inducible Heat Shock Protein 70” Molecular Cell 2009, 36, 15–27. 
Module 10 - Intrinsic Apoptotic Pathway (Davisson; 3/20 & 4/3)

Apoptosis or programmed cell death is dependent upon a conserved genetic and biochemical pathways with the basic features present in all metazoans. Two molecular programs are present in mammals, which ultimately lead to the activation of select caspases (cysteinyl aspartate–specific proteases) that in turn promote cleavage of key cellular substrates followed by cell death. Two molecular programs are known as: a) the extrinsic pathway operating downstream of death receptors, such as Fas and the tumor necrosis factor receptor family, and b) the intrinsic pathway, which is activated by a diverse array of stress signals. For many cancer types, disease development is closely linked to alterations of tumor susceptibility to apoptosis. Enhanced resistance to conventional anticancer therapies, such as radiation and cytotoxic agents are also associated with down-regulation of the intrinsic apoptotic pathway. While the complexity of these tumor survival processes is apparent, protein targets in the intrinsic pathway have been implicated and campaigns to development molecular strategies to down regulate the anti-apoptotic functions are being pursued. 

Discussion Section 1 (4/3B):

The first paper highlights an early success with discovery of a small molecule that is capable of disrupting a protein-protein interaction in the intrinsic apoptosis pathway. 

Tilman Oltersdorf et al.  “An inhibitor of Bcl-2 family proteins induces regression of solid tumours” Nature 2005; 435: 677-681. 
Discussion Section 2 (4/3C):

The second paper addresses a fundamental question in the balance of pro-apoptotic and anti-apoptotic proteins in the control of intrinsic apoptosis. 

Fletcher, J. I. et al “Apoptosis is triggered when prosurvival Bcl-2 proteins cannot restrain Bax” PNAS 2008, 105 (47) 18081–18087. 

Module 11 – Nuclear Receptors (Gibbs; – 3/27)

The nuclear receptor family is a large group of ligand-dependent transcription factors that play key regulatory endocrine roles in almost every physiological process. Their ligands include the steroid hormones, non-steroidal hormones such as the retinoids and thyroid hormone, and a number of fatty acid-derived natural products. Almost every nuclear receptor is a validated therapeutic target in areas such as cancer treatment and prevention, anti-inflammation, contraception, and lipid homeostasis. One of the key areas of research in the development of drugs targeting nuclear receptors is the discovery of selective nuclear receptor modulation that allows for desirable effects in some tissues while avoiding undesirable effects in other tissues. This section of the class will focus on the development and mechanism of action of selective nuclear receptor modulators. The pedagogical session will first introduce the nuclear receptors, their ligands and methods to study their function and then focus on a case study on the discovery and use of one selective modulator.  The discussion sections will present two different approaches to the development of steroid hormone antagonists.

Discussion Section 1 (3/27a).

C. Tran, et al. (2009) “Development of a Second-Generation Antiandrogen for Treatment of Advanced Prostate Cancer” Science 324, 787-790.

Discussion Section 2 (3/27b)


Parent, et al. (2008) “Blocking Estrogen Signaling After the Hormone: Pyrimidine-Core Inhibitors of Estrogen Receptor-Coactivator Binding” J. Med. Chem. 51, 6512-6530.
Module 12 – Cytoskeletal Proteins (Gibbs; 4/10)

Rapid cell division is one of the classical hallmarks of tumor cells.  As cytoskeletal proteins are intimately involved in the process of cell division, it is not surprising that they are targets for many anti-cancer agents and potential anti-cancer agents.  In particular, tubulin has proved to be a common target for many natural products with selective anti-tumor activity.  In this lecture, we will focus on the natural products that act as tubulin stabilizing agents, as exemplified by the highly valuable anti-cancer agent paclitaxel (Taxol).  An emphasis will be placed on biological discoveries, particularly in structural biology, that allow for a more rational basis for the discovery and/or development of improved agents targeting cytoskeletal proteins. This module will not include student presentations.

Module 13 – Topoisomerases (Cushman; 4/17 & 4/24)

Human topoisomerase I is essential for most cellular processes involving DNA, including transcription, replication, and recombination, and it is the target of the clinically useful DNA and relaxes superhelical tension by a hypothetical "controlled rotation" mechanism, which involves cleavage of one DNA strand, rotation of the broken strand around the unbroken strand, and religation.  The religation step is inhibited by camptothecin, resulting in "cleavable complexes" that generate cytotoxic double-strand breaks after collision with replication forks.  Several crystal structures of human topoisomerase I in both covalent and noncovalent complex with DNA have been reported, and these structures have defined the architecture of the active site, which includes one tyrosine residue (Tyr-723), two arginines (Arg-488 and Arg-590), one histidine (His-632), and one lysine (Lys-532).  Furthermore, a crystal structure has recently been determined of a covalent ternary complex of topoisomerase I with DNA and the clinically approved anticancer drug Topotecan.  This structure provides insight into the mechanism of the inhibition of the religation step by the camptothecins, and it provides a framework for understanding the known structure-activity relationships of the camptothecins.  It can be expected that the recent advancements in our understanding of the structure and function of human topoisomerase I, as well as the mechanism of action of the camptothecins, will lead to the design and synthesis of new enzyme inhibitors that will address the clinical limitations of the camptothecins.  These limitations result from instability due to lactone ring opening and rapid reversibility of the cleavable complexes after drug removal. 

Literature for discussion:

Discussion Section 1 (4/24A):


Stewart, L.; Redinbo, M. R.; Qiu, X.; Hol, W. G. J.; Champoux, J. J. A Model for the Mechanism of Human Topoisomerase I. Science 1998, 279, 1534-1541.

Discussion Section 2 (4/24B):


Staker, B. L.; Hjerrild, K.; Feese, M. D.; Behnke, C. A.; Burgin Jr., A. B.; Stewart, L. The Mechanism of Topoisomerase I Poisoning by a Camptothecin Analog. Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 15387-15392.
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