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PHAR 558: Research Topics in Pharmacology 

Winter 2014 
 

Introduction: 

 

The course centers around and involves students in the challenges in drug discovery today. 

How do we combine advances in combinatorial chemistry and the ability to screen hundreds of 

thousands of drug candidates but still meaningfully consider the relevant biology? Failure to do 

this has led to a drug discovery bottleneck. This course highlights real world problems with drug 

discovery and solutions as they are evolving.  

 

Pharma has tended to think of a drug target as a singular molecular entity or a medicine 

designed to treat a specific symptom. We know now that drug targets in situ are much more 

complicated. We focus on drug targets or clinical indications and how methodological and 

conceptual advances in pharmacology as an academic discipline in recent years have expanded 

our understanding that these “targets” for drugs are moving. The target may be different 

depending on its molecular, cellular, tissue and disease context. Drug discovery practice that 

ignores this caveat will not readily yield new medications. We discuss how to restore an 

appreciation of biology to drug discovery. 

 

We will focus on individual drug targets and how our notions of a single target have changed 

in light of methodological and conceptual advances in recent years. It is clear that 

methodological advances have been critical for addressing a number of important problems in 

pharmacology. This research topics course will focus on: 1) biological considerations in drug-

target interactions, 2) trafficking and assembly of multiprotein complexes as drug targets, 3) new 

high content approaches to drug discovery, 4) the study of drugs and targets in a native cellular 

context, 5) the issue of replication in biomedical science, and 6) research misconduct.  

 

The students will attend two 1.5 hour sessions/week for 13 weeks. Instructors will typically 

give an introduction providing: 1) a general overview of the topic under consideration for the 

week, and 2) the necessary background for the articles to be discussed. At the end of the 

presentation, the instructor may provide a brief summary of the key “take home messages” for 

the week. Students should have read the relevant articles. Marks will also be given for 

participation in class discussions.  
 

Meeting Place and Times: 

 

Education Building Room 129  

Tuesdays and Thursdays 2:35PM - 4:00PM  
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Assessment and Grading: 

 

Assessment Total Grade 

Group 

Interview/Presentation 

40% 

Newspaper Articles 40% 

Class Participation 20% 

 

Guidelines for Interviews and Presentations: 

 

 

Groups of 4 students will examine the work of a local research scientist, initially focused on 

PubMed/websites and then, in collaboration with the coordinators and the TA, formulate a series 

of questions to ask researchers in a 45 minute face-to-face interview. Students will then write a 

report (10 double-spaced pages, 12 point font, Times New Roman (standard Word margins), not 

including references and figures) and prepare a presentation for the class with a summary of this 

interview. The topics can be as wide ranging as the researchers’ interests or focused on a single 

aspect of their work related to the workings of drug discovery. The presentation will occur before 

the essay, which is due at the end of the term and will therefore be seen as a work in progress. 

Each presentation should be 20 minutes in length, leaving 5 minutes for questions. 

 

40% of the final course grade will be based on this essay and the associated presentation.  
 

Newspaper Articles: 

 

A critical skill you must learn is to explain science to a lay audience. As such, you will be asked 

to read a scientific article and write a one page essay in the form of a New York Times article 

that explains the scientific content in a form that your parents or non-science peers can 

understand. 

 

You will complete this exercise for three different articles and they will count for 40% of your 

final grade. The breakdown per article will be 5, 15 and 20% in order of presentation. The 

third article will be criticized by a panel of lay reviewers who will provide feedback and ask 

questions at sessions scheduled later in the term.  

 

Class Participation: 

 

Participation in the discussions and the written assignments associated with them will count for 

20% of your final grade. Each week, 10 selected students will be given an assignment by the 

lecturer. This may involve a written assignment and/or some form of presentation. Assignments 

will be given one week before class. 

 

Course Coordinators:  
 

Dr. Terry Hébert (Room 1303 McIntyre) 

Office hours: by appointment 
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Contact information: terence.hebert@mcgill.ca; Tel. 398-1398 

 

Follow me on Twitter: @THebertMcGill 

 

The Hébert lab on Facebook:   

https://www.facebook.com/pages/Hébert-Lab/364089560357222?ref=hl 

 

 

Dr. Anne McKinney (Room 167 Bellini Life Sciences Building) 

Office hours: by appointment 

Contact information: anne.mckinney@mcgill.ca; Tel. 398-5685 

 

Teaching Assistant 

Gayane Machkalyan 

 (Room 1313 McIntyre Building) 

Office hours: (by appointment) 

Contact information: gayane.machkalyan@mail.mcgill.ca 

 

Course Instructors: 

 

Professor Email Phone 

Number 

Location 

Dr. Terry Hébert SEE ABOVE   

Dr. Anne McKinney SEE ABOVE   

Dr. Dan Bernard daniel.bernard@mcgill.ca 398-2525 McIntyre Room 1315 

Dr. Paul Clarke paul.clarke@mcgill.ca 398-3616 ext. 1 McIntyre Room 1320 

Dr. Stéphane Laporte stephane.laporte@mcgill.ca 398-4487 Strathcona Room 

W315D 

Dr. Simon Rousseau simon.rousseau@mcgill.ca 398-3864 ext. 

094148 

Meakins-Christie 

Laboratories 

Dr. Jason Tanny jason.tanny@mcgill.ca 398-3608 McIntyre Room 132 

Dr. Jean-François 

Trempe 

jeanfrancois.trempe@mcgill.ca 

 

398-6833 McIntyre Room  

1313A 

Dr. David Cheishvili  David.ch@mail.huji.ac.il 398-7107 McIntyre Room 1309 

Dr. Lisa Munter lisa.munter@mcgill.ca 398-2159 Bellini Room 136 

 

Course Schedule: 

 

Week 1: January 7
th

 and 9
th

 

 

Introduction (January 7
th

): Dr. Terry Hébert 

The initial lecture will outline the course, what will be covered and what to expect, including 

details of assessment and assignments. 

 

The Drug Discovery Bottleneck (January 9
th

): Dr. Terry Hébert 

 

mailto:terence.hebert@mcgill.ca
mailto:stephane.laporte@mcgill.ca
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Here we will discuss the development, successes and failures of modern drug discovery with an 

emphasis on new paradigms to overcome recent failures. Drug discovery, as a process, has been 

altered in recent years as the target-based screening (TDD) approach fails (see Swinney and 

Anthony, 2011 Nature Rev. Drug Discovery 10:507 for review). In many ways, the “molecule-

centric” focus has caused us to lose sight of the biological reality of cells, tissues and patients 

that drugs must ultimately have their effects in. 

 

Week 2: January 14
th

 and 16
th

 

 

High Content Screening and Phenotypic Analyses (January 14
th 

): Dr. Terry Hébert 

 

Recently, phenotypic drug discovery (PDD) has emerged as a straightforward and 

intuitive way to discover drugs and drug leads. One of the major advantages of PDD approaches 

is that they provide a less biased way to find active compounds in complex biological systems. 

Because phenotypic screening takes place in a physiologically relevant environment of cells or 

tissue explants, the results are more indicative of the desired responses and can also highlight 

potential undesirable effects early on in the drug discovery pipeline. This new model of drug 

discovery is similar to the approach people like James Black used in highly successful drug 

screens before the target-based era. 

 

 

Chemical Biology (January 16
th 

): Dr. Terry Hébert 

 

Chemical biology uses small molecules to change the way proteins work—directly in real time 

rather than indirectly by manipulating their genes. It is used to identify which proteins regulate 

different biological processes, to understand in molecular detail how proteins perform their 

biological functions, and to identify small molecules that may be of medical value. The term 

chemical genetics indicates that the approach uses chemistry to generate the small molecules and 

that it is based on principles that are similar to classical genetic screens. We will also cover the 

novel therapeutic strategy of engineering receptors and signalling proteins with binding sites 

sensitive to entirely synthetic ligand. These receptors activated solely by synthetic ligands 

(RASSLs; also known as neoceptors) represent another avenue for pharmacological intervention 

using chemical genetics. 

 

 

 

Week 3: January 21
st
 and 23

rd
 
 

 

Drug Delivery to the Brain (January 21
st
): Dr. Anne McKinney 

Ways to deliver drugs to the brain will be discussed including novel approaches currently in 

trials. 

 

Neurodegeneration (January 23
rd

): Dr. Anne McKinney 

We will discuss the growing problem of neurodevelopmental disorders in society and potential 

ways to treat them in the future. What treatments are available and why many therapeutic 

interventions have been unsuccessful. 
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Week 4: January 28
th

 and 31
th

 Optogenetics 

 

Microbial opsins have been developed as precise and modular photosensitization components for 

introduction into non-light sensitive cells allowing rapid optical control of specific cellular 

processes. In recent years, the development of cellular perturbation tools based on these and 

other light-sensitive proteins has resulted in a technology called optogenetics, which refers to the 

generation of genetic and optical control to achieve gain or loss of function of precisely defined 

events within specified cells of living tissue. We will discuss some recent applications of 

optogenetics technology to dissect out specific biochemical events in cell- and tissue-specific 

contexts. Students will present the following articles. 

 

(January 15
th 

and 17
th

): Dr. Anne McKinney 

 

 

Week 5: February 4
th

 and 6
th

 Epigenetic Drugs- miRNAs as therapeutic targets 

 

microRNAs (miRNAs) comprise a large family of small non-coding RNA molecules. Along 

with DNA methylation and histone modification, they represent another level of epigenetic 

regulation. microRNAs are critical regulators of approximately 30% of protein-coding genes and 

are involved in vital cellular processes such as proliferation, differentiation, survival, and 

motility. Therefore, it is of no surprise that aberrant expression of miRNAs has been implicated 

in a broad spectrum of human diseases, such as diabetes and cardiovascular disease. miRNAs are 

also aberrantly expressed in cancers, where they  exert their effect as oncogenes or tumor 

suppressors.  
 

Despite the recent discovery of miRNAs, several candidates have already progressed into clinical 

development for therapeutic intervention.We will discuss for recent advances in miRNAs 

therapeutic purposes as well as the pitfalls and possible solutions underlying their use. 

 

(February 4
th

): Dr. David Cheishvili 

 

(February 6
th

): Dr. Terry Hébert/Dr. Anne McKinney/Gayane Machkalyan- Preparation session 

for interview project 

 

Week 6: February 11
th

 and 13
th

 Targeting the innate immune system 

 

The innate immune system perceives insult through diverse families of receptor called Pattern-

Recognition Receptors (PRR). There are currently 12 known mammalian Toll-like receptors 

(TLRs) and more than 20 Nucleotide Oligomerization Domain (NOD)-like receptors (NLRs), 

forming two of the more studied families of PRRs. Although these receptors are essential for 

host defenses mechanisms, a number of studies have shown their involvement in human 

diseases. Moreover, many TLRs are involved in sterile inflammation, which has yielded further 

clinical interest. Therefore important efforts have been made to develop TLR-antagonists. 

Alternatively, their activation has shown promises clinically in treating diseases such as cancer 
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and allergies or as vaccine adjuvant, leading to the development of synthetic agonists. In this 

course an overview of TLR family and associated signaling will be presented, to lead to 

discussion on the best ways to target TLRs and potential pitfalls associated with these 

approaches. 

 

(February 11
th

): Dr. Simon Rousseau  

 

(February 13
th

): Dr. Terry Hébert/Dr. Anne McKinney 

 

Interviews 1-3 

 

Week 7: February 18
th

 and 20
th

 Structural Pharmacology 

 

Structural biology has been instrumental in the rational design and optimization of several drugs. 

Here, Dr. Trempe will describe how structures of biological complexes can be used to design 

novel drugs, either through rational design or through structure-sensitive screening assays. He 

will discuss the success stories, as well as failures of this approach. 

 

(February 18
th

): Dr. Jean-François Trempe 

 

 

(February 20
th

): Dr. Terry Hébert/Dr. Anne McKinney 

 

Interviews 4-6 

 

 

Week 8: February 25
th

 and 27
th

 Transcription factors as drug targets 

 

The sessions will cover three strategies for inhibition of transcription factors with small 

molecules:  inhibition of dimerization (Article 1), inhibition of DNA interaction (Article 2), and 

inhibition of interaction with coactivators (Articles 3 and 4).  The discussion will be framed in 

the context of the rationale for developing transcription factor-targeted drugs and the challenges 

that need to be overcome to do so (Article 5 is provided for review).   

 

(February 25
th

): Dr. Jason Tanny 

 

(February 27
th

): Dr. Terry Hébert/Dr. Anne McKinney 

 

Interviews 7-9 

 

 

Week 9: March 3-7 (READING WEEK)  

 

 

Week 10: March 11
th

 and 13
th

  -secretase as drug target 
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-secretase is a membrane-bound enzyme that proteolyzes transmembrane sequences of its 

substrates. Two intensively studied substrates of this protease are: 1) the amyloid precursor 

protein (APP), a central molecule in the development of Alzheimer’s disease, and 2) the Notch 

receptor that is involved in several types of cancer. We will discuss the physiological role and 

the complex cleavage mechanism of -secretase and elaborate the development of -secretase 

inhibitors (GSIs) and modulators (GSMs) as well as therapeutic approaches in Alzheimer’s 

disease and cancer.  

 

Before this session, please read the following review article: 

 

Alzheimer's disease and Notch signaling. Woo HN, Park JS, Gwon AR, Arumugam TV, Jo DG. 

Biochem Biophys Res Commun. 2009 Dec 25;390(4):1093-7.  

 

 

(March 11
th

): Dr. Lisa-Marie Munter 

 

(March 13
th

): Dr. Dr. Terry Hébert/Dr. Anne McKinney 

 

Interviews 10-12 

 

 

Week 11: March 18
th

 and 20
th

  Trafficking and Assembly of Multiprotein Complexes 

 

The lecture will focus on the concept of extension and termination of intracellular signalling 

through the formation of multiprotein complexes inside the cell. We will explore the concept that 

receptor signalling is not restricted only to the plasma membrane and that endocytosis of 

receptors is a means to propagate or terminate different signals.  In a first paper, we will see how 

the thyroid-stimulating hormone (TSH) receptor, a G protein-coupled receptor (GPCR), signals 

through adenylyl cyclase even after internalization into intracellular compartments.  In a second 

paper, we will see how the retromer complex, which functions in the retrograde the transport of 

receptors from endosomes to the Golgi apparatus, also mediates the transport of the GPCR 

parathyroid hormone receptor (PTHR), and that this terminates intracellular signaling.  The 

lecture will also emphasize the use of different biophysical and pharmacological approaches to 

study intracellular GPCR signaling.  

 

 

TBA (March 18
th

): Dr. Stéphane Laporte 

 

TBD (March 20
th

): Dr. Terry Hébert/Dr. Anne McKinney 

 

Interviews 13-15 

 

 

 

Week 12: March 25
th

 and 27
th

 Novel anti-cancer strategies: Magic bullets and moving 

targets 
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The development of tumor-specific drugs is expanding trend in cancer chemotherapeutics.  That 

is, mutations selective to and causative of specific malignancies may be amenable to small 

molecule or biologic inhibition. As a result, tumors can be targeted at their root cause, while 

producing minimal side effects. The classic example of this principle at work is Gleevec 

(Imatinib), which inhibits constitutively active abl kinase observed in chronic myelogenous 

leukemia. This breakthrough led to the general concept of selective drugs as ‘magic bullets’ in 

the war on cancer. Unfortunately and invariably, efficacy wanes and tumors recur over time 

because of acquired drug resistance. The mechanisms underlying resistance vary across/within 

cancer cell types. Using melanoma chemotherapy as an example, we will discuss: 1) 

development of a novel class of tumor-specific inhibitors, 2) how distinct mechanisms of drug 

resistance can develop (evolve), and 3) how knowledge of resistance mechanisms might inform 

future efforts to treat different cancers. Students will also debate current challenges (ethical, 

scientific, financial) to cancer drug development. 

 

TBA (March 25
th

): Dr. Dan Bernard 

 

TBD (March 27
th

): Dr. Terry Hébert/Dr. Anne McKinney 

 

Interviews 16-17 

 

 

Week 13: April 1
st
 and 3

rd
  

 

Lay Evaluations and Discussions 

 

 

Week 14: April 8
th

 and 10
th

   
 

Is replication in biomedical science just a convenient myth? (April 8
th

): Dr. Paul Clarke 

 

Biomedical research exists to generate novel discoveries. In these two sessions, we will discuss 

how this mission can become perverted. In the first session, we will ask whether biomedical 

science is truly self-correcting, and ask why published findings are frequently not replicable or 

replicated. In the second session, we will look at some cases involving questionable scientific 

conduct. All students are expected to attend and be prepared to contribute to in-class 

discussions. 

 

Graded assignments 

 

First session: Ten students will be assigned to write a two page (single-spaced) essay based on 

the material covered in this session (details will be supplied before class).Essays (Word 

document) will be due by email midnight April 15
th

.     

 

Second session: Two groups of five students will each develop and act out a scenario (lasting 

around 5 minutes) highlighting a research-related ethical dilemma. This scenario must not 
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resemble any that are described in the readings, but can be taken or adopted from published 

material. At least one week before the class, each group must email me a half-page outline, for 

my approval; this is partly to avoid thematic overlap between the two groups. Grades will take 

into account both individual and group performance.  

 

 

SESSION 1  IS REPLICATION IN BIOMEDICAL SCIENCE JUST A CONVENIENT 

MYTH? 

 

Reading.  Before this session, everyone should read the following 2-3 page articles: 
 

 Prinz F, Schlange T, Asadullah K (2011) Believe it or not: how much can we rely on 

published data on potential drug targets? Nat Rev Drug Discovery 10: 712-713. 

 Prasad V, Cifu A, Ioannidis JP (2012) Reversals of established medical practices: 

evidence to abandon ship. JAMA 307: 37-38 

 Bertamini M, Munafo MR (2012) Bite-size science and its undesired side effects. 

Perspectives on Psychological Science 7: 67-71 

 Couzin-Frankel J (2013) When mice mislead. Science 342: 922-925 
 

…And for the enthusiast (not required): 

 Ioannidis JP (2005) Why most published research findings are false. PLoS Med 2: e124. 

Not required. To read this, you would need to be familiar with Bayesian statistics. This 

article has received 900,000+ views online, and counting! 

 

 

SESSION 2   RESEARCH MISCONDUCT 

 

Reading.  Before this session, everyone should read two short articles: 
 

 Boss JM (2000) What do you mean, I already published it? Ethics in scientific 

publishing. AAI Newsletter June 2010, pages 20-22.  

 Ioannidis JP (2014) Research accomplishments that are too good to be true. Intensive 

Care Med 40: 99-101 
 

…And for the true aficionado, a thorough review of different types of research misconduct (not 

required reading, but you may want to dip into it at least): 
 

 Benos DJ et al.  Ethics and scientific publication. Adv Physiol Educ 2005; 29: 59-74 

http://advan.physiology.org/cgi/reprint/29/2/59.pdf  

 

------------------------------------------------------------------------------------------------------------ 

 

 

 

General Notes: 

 

1) Right to submit in English or French written work that is to be graded [approved by 

Senate on 21 January 2009]:   

http://advan.physiology.org/cgi/reprint/29/2/59.pdf
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"In accord with McGill University’s Charter of Students’ Rights, students in this course 

have the right to submit in English or in French any written work that is to be graded." 

(approved by Senate on 21 January 2009 - see also the section in this document on 

Assignments and evaluation.)  

"Conformément à  la Charte des droits de l’étudiant de l’Université McGill, chaque 

étudiant a le droit de soumettre en français ou en anglais tout travail écrit devant être noté 

(sauf dans le cas des cours dont l’un des objets est la maîtrise d’une langue)." 

2) Academic Integrity statement [approved by Senate on 29 January 2003]: 

McGill University values academic integrity.  Therefore all students must understand the 

meaning and consequences of cheating, plagiarism and other academic offences under the 

Code of Student Conduct and Disciplinary Procedures.  

(see www.mcgill.ca/students/srr/honest/ for more information). 

L'université McGill attache une haute importance à l’honnêteté académique. Il incombe par 

conséquent à tous les étudiants de comprendre ce que l'on entend par tricherie, plagiat et 

autres infractions académiques, ainsi que les conséquences que peuvent avoir de telles 

actions, selon le Code de conduite de l'étudiant et des procédures disciplinaires (pour de 

plus amples renseignements, veuillez consulter le site www.mcgill.ca/students/srr/honest/). 

 

https://excas.campus.mcgill.ca/owa/redir.aspx?C=eeb8a8e88f024b3b99950c153a3a5e30&URL=http%3a%2f%2fwww.mcgill.ca%2fstudents%2fsrr%2fhonest%2f
https://excas.campus.mcgill.ca/owa/redir.aspx?C=eeb8a8e88f024b3b99950c153a3a5e30&URL=http%3a%2f%2fwww.mcgill.ca%2fstudents%2fsrr%2fhonest%2f

