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12:10 – 1:10PM  Buffet Lunch

1:10 – 1:20PM  EDUCATION:  Training the Next Generation of Pharmacologists on   
   Drug Discovery 
   Cara M.M. Williams, Ph.D., Pfi zer Biotherapeutics & BU Pharmacology

1:20 – 1:50PM DISCOVERY:  Understanding Pharmacology of a Candidate Medicine 
Must be at the Heart of Successful Drug Discovery

 Timothy Rolph, Ph.D., Vice President, Cardiovascular Metabolic and 
Endocrine Diseases Research, Pfi zer, Inc.

SESSION 3 TARGETED DRUG DELIVERY: DELIVERY ACROSS BARRIER 
SURFACES, AND POLYMERS TO DELIVER DRUGS   
Moderator: Hui Feng, M.D./Ph.D., BU Pharmacology & Cancer Center

1:50 – 2:20PM Delivery of Therapeutics Across the Blood-brain Barrier: New 
Strategies and Mechanisms 

 William A. Banks, M.D./F.A.C.E. Associate Director of Research, GRECC, 
V.A. Puget Sound; Professor, Division of Gerontology & Geriatrics 
Medicine, Department of Internal Medicine, University of Washington, 
Seattle, WA 

2:20 – 2:50PM Living Cells as Drug Delivery Vehicles for Transport of Nanoformulated 
Antioxidants to the Brain

  Elena V. Batrakova, Ph.D., Research Associate Professor, Department of 
Pharmaceutical Sciences, College of Pharmacy, Center for Drug Delivery 
& Nanomedicine, University of Nebraska Medical Center, Omaha, NE

2:50 – 3:10PM  Afternoon Break

Moderator: Tyrone Porter, Ph.D., BU Mechanical Engineering & 
Pharmacology

3:10 – 3:40PM  Targeting and Triggering in Drug Delivery
   Daniel S. Kohane, M.D./Ph.D., Associate Professor of Anesthesiology,   
   Children’s Hospital Boston/Harvard Medical School, Boston, MA

3:40 – 4:10PM Combinatorial Development of Biomaterials for Tissue Engineering 
and Drug Delivery 

 Daniel G. Anderson, Ph.D., Associate Professor, Chemical Engineering 
and Health Sciences and Technology, The David H. Koch Institute for 
Integrative Cancer Research at M.I.T., Cambridge, MA

4:10 – 4: 40PM  Engineering of Polymeric Nanoparticles for Medical Applications
Omid C. Farokhzad, M.D., Associate Professor, Brigham and Women’s 
Hospital/Harvard Medical School, Boston, MA

4:40 – 5:10PM  Open Forum

5:10 – 6:40PM  Reception



8:00 – 8:30AM Registration and Breakfast 

Opening Remarks
8:30 – 8:40AM  Welcome 
   David H. Farb, Ph.D., Chair, BU Pharmacology

SESSION 1  SMALL MOLECULES: ALLOSTERIC MODULATORS, TETHERED   
 LIGANDS, AND PEPTIDE THERAPEUTICS

Moderator: Richard D. Wainford, Ph.D., BU Pharmacology & Whitaker 
Cardiovascular Institute  

8:40 – 9:10AM G protein-coupled Receptor Heteromerization: A Role in Allosteric 
Modulation of Receptor Activity in Health and Disease 

 Lakshmi A. Devi, Ph.D., Professor of Pharmacology and Systems 
Therapeutics, Neuroscience and Psychiatry, Mount Sinai School of 
Medicine, New York, NY

9:10 – 9:40AM  Tethered Ligands for G Protein-Coupled Receptors
Kenneth A. Jacobson, Ph.D., Chief, Molecular Recognition Section and 
Chief, Laboratory of Bioorganic Chemistry, National Institute of Diabetes 
and Digestive and Kidney Diseases, National Institutes of Health, 
Bethesda, MD

9:40 – 10:10AM  Peptide Therapeutics
Guido Boerrigter, M.D., Cardiorenal Research Laboratory, Division of 
Cardiovascular Diseases, Mayo Clinic and Foundation and Mayo Clinic 
College of Medicine, Rochester, MN

10:10 – 10:30AM  Morning Break

SESSION 2  BIOLOGICS: ANTIBODY CONJUGATES
   Moderator: Anurag Singh, Ph.D., BU Pharmacology & Cancer Center

10:30AM – 11:10AM Disease-directed Drug Discovery Initiatives in Sarcoma and Small   
Cell Lung Cancer 

 Beverly A. Teicher, Ph.D., Chief, Molecular Pharmacology Branch, and Joel 
Morris, Ph.D., Chief, Drug Synthesis & Chemistry Branch, Development 
Therapeutics Program, National Cancer Institute, Rockville, MD 

11:10AM – 11:40AM Local Control of Infl ammation with AntiTNF-Hyaluronic Acid Conjugates
Newell R. Washburn, Ph.D., Assistant Professor of Chemistry, Biomedical 
Engineering and Materials Science and Engineering, Department of 
Chemistry, Carnegie Mellon University, Pittsburgh, PA

11:40AM – 12:10PM Vascular Targeting of Translational Biotherapeutics
Vladimir Muzykantov, M.D./Ph.D. Professor of Pharmacology, Senior 
Investigator, Institute for Environmental Medicine, University of 
Pennsylvania School of Medicine, Philadelphia, PA

Monday, April 30, 2012

Therapeutics Innovation: 

The Next Generation of Discovery 

Dear Colleagues,

Welcome to this symposium on “Therapeutic Innovation: The Next Generation 
of Discovery” that was organized by the NIGMS Training Program in Biomolecular 
Pharmacology at Boston University in collaboration with Pfi zer Biotherapeutics. This is 
the fourth in a series of such symposia that refl ects our long-standing collaboration and 
mutual interests in doctoral education. Our objective is to enhance the research training 
of doctoral students and their faculty mentors both at BU and Pfi zer who participate 
in this university-wide Biomolecular Pharmacology training program. These Symposia 
focus on timely advances in an area of biomedical sciences that are poised for important 
breakthroughs in research on mechanisms of action through therapeutic implementation. 
We identifi ed topics to be of particular interest to a broad range of scholars and industrial 
scientists who work in multiple disciplines of basic science.

Since its inception with the Genetics Institute in 1999, then Wyeth and now Pfi zer, our 
collaboration has provided internship opportunities for BU Pharmacology & Experimental 
Therapeutics and Biomedical Engineering graduate students seeking an industry research 
experience. The participation of industry professionals in basic science lecturing and the 
training of new PhDs in Pharmacology & Experimental Therapeutics from Pfi zer have 
enriched our training environment.

Three previous symposia have been held at BU in the Trustees Ballroom: On 10 November 
2005 we focused on the “Degeneration and Regeneration of the Central Nervous 
System,” on 22 October 2008 we addressed the global mechanisms of “Metabolic 
Dysregulation,” and on 7 December 2010 we addressed “Infl ammation Breaking Out: 
Molecular Mechanisms for Therapeutic Discovery.” 

In this Symposium 2012, “Therapeutics Innovation: The Next Generation of Discovery,” 
we focus on several advanced technologies in the area of experimental therapeutics that 
will likely lead the way toward advances in drug discovery. In planning this symposium, 
we wanted to capture the energy surrounding the elucidation of the new and emerging 
concepts for perturbing underlying disease mechanisms. We are excited to bring together 
an eclectic group of thought leaders to share their insights with students, faculty, and all 
those with an interest in exploring the scientifi c discovery process.

The Organizing Committee hopes that the sharing and discussion of cutting edge science 
today will foster innovation and collaboration of the type that leads to the discovery of 
breakthrough therapies for those who suffer from debilitating diseases.

With best regards,

David H. Farb, PhD, Professor, Director NIGMS Program in Biomolecular Pharmacology 
and Chair, Department of Pharmacology & Experimental Therapeutics 

Cara M.M. Williams, PhD, Adjunct Associate Professor. BU, and Director Infl ammation & 
Remodeling RU, Pfi zer

Simeon Ramsey, MS. Senior Principal Scientist, Infl ammation & Remodeling RU, Pfi zer
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Presentation Title
G protein-coupled Receptor Heteromerizaton:  A Role in Allosteric Modulation of Receptor 
Activity in Health and Disease

Bio
Dr. Devi received her Ph.D. from the University of Windsor in Ontario, Canada. She was a 
postdoctoral fellow at the Addiction Research Foundation in Palo Alto, California and at 
the Vollum Institute in Portland, Oregon. She was an Assistant and Associate Professor 
of Pharmacology at New York University before joining Mount Sinai in 2002 as Professor 
of Pharmacology and Biological Sciences.  She is currently a full professor in three 
departments: Pharmacology and Systems Therapeutics, Psychiatry, and Neuroscience.  
Dr. Devi has authored more than 160 scientifi c research articles and reviews. Her current 
research interests include (i) Molecular mechanisms of G protein-coupled receptor 
signaling in disease, (ii) Identifi cation of novel neuropeptides and their receptors i.e. 
deorphanization of G protein-coupled receptors, and (iii) Neuroproteomics of the synapse 
and drug-induced changes in synaptic signaling networks.

A decade ago, Dr. Devi’s group made a seminal discovery that opioid receptors 
associate with other brain receptors to form dimers. These fi ndings led to a paradigm-
shift in the GPCR fi eld since the classic models predicted that these proteins functioned 
exclusively as monomers.  Dr. Devi’s fi ndings that receptor heterodimerization leads to 
novel pharmacology has had a broad appeal to basic and clinical scientists; this work 
was selected as one of the “hot papers” by The Scientist (Oct 29th, 2001) and has been 
extensively referenced (800 citations to date).  Recently, using selective antibodies that 
detect heterodimers in vivo, Dr. Devi’s group showed that chronic morphine treatment 
leads to increases in heterodimer abundance in areas of the brain that process pain.  
Taken with the fact that signaling through the heterodimer is associated with a reduced 
responsiveness to morphine, these data suggest that heterodimerization represents a 
major mechanism underlying the development of tolerance to chronic morphine treatment.   
These fi ndings have generated substantial excitement in the fi eld; the work was selected to 
be on the cover of Science Signaling and appeared as editor’s choice in Science.  Ongoing 

research in Devi’s laboratory supports the idea that distinct GPCR heterodimers are upregulated during specifi c pathologies (such as obesity, 
alcohol-induced liver fi brosis and neuropathic pain) making these disease-specifi c heterodimers novel and attractive therapeutic targets.

Dr. Devi continues to carry out studies that attract wide attention.  For example, her group identifi ed and characterized endogenous peptides 
called ‘hemopressins’ as ligands targeting cannabinoid receptors.  Hemopressins activate signaling pathways that are distinct from those 
activated by the classical lipidic agonists. Since hemopressins are generated by processing of hemoglobin, they represent a new class of 
neuropeptides tentatively termed “non-classical neuropeptides”, analogous to the non-classical neurotransmitters. This work is also leading 
to a paradigm-shift in the neuropeptide fi eld as seen by the wide attention that it has attracted. The article describing this work was selected 
for Press Release by FASEB Journal and was also highlighted in Scientifi c American.  Currently Dr. Devi’s laboratory is focused on discovering 
functions of these novel neuropeptides by investigating if they target any of the known or orphan G protein-coupled receptors.
Among her many awards are the National Institute of Drug Abuse (NIDA) Senior Scientist Research and Mentorship Award, the Gaisman 
Frontiers in Biomedical Research Award, and the Outstanding Woman in Science Award from the New York chapter of the Association of 
Women in Science. Her research has been supported by the National Institutes of Health, with four multi-year research projects currently 
underway and multiple previous grants that have led to major scientifi c contributions to the fi elds of neuropeptide discovery, neurodegenerative 
disorders, and addiction research.  

Dr. Devi has mentored more than 70 trainees including graduate students, medical students, postdoctoral research associates, and visiting 
scientists; many are now in faculty and/or leadership positions in academia and industry.  Dr. Devi serves as the Director of NIDA Postdoctoral 
Training Program in Drug Abuse Research at Mount Sinai School of Medicine and as the Associate Dean for Academic Enhancement and 
Mentoring. Dr. Devi has also been involved in organizing dozens of scientifi c symposia. She served as the President of the International 
Narcotics Research Conference from 2006-2010. 

Abstract
G protein-coupled Receptor Heteromerization: A Role in Allosteric Modulation of Receptor Activity in Health and Disease

Ivone Gomes, Achla Gupta and Lakshmi A. Devi
Departments of Pharmacology & Systems Therapeutics and 2Neuroscience, Mount Sinai School of Medicine, New York, NY, USA, 10029 
lakshmi.devi@mssm.edu

Recent advances in G protein-coupled receptor (GPCR) pharmacology have demonstrated that different ligands binding to the same receptor 
can activate discrete sets of downstream effectors, a phenomenon known as “ligand-directed signal specifi city”, which is currently being 
explored for drug development due to its potential therapeutic advantage. Emerging studies suggest that GPCR responses can also be 
modulated by interactions with other GPCRs. Association between GPCR types leads to the formation of complexes, or GPCR heteromers, 
with distinct and unique signaling properties. Some of these heteromers activate discrete sets of signaling molecules upon activation by the 
same ligand, a phenomenon termed “heteromer-directed signaling specifi city”. This has been shown to be involved in the physiological role 
of receptors, and in some cases, in disease-specifi c dysregulation of a receptor effect. Finally, using opioid receptors as a model, we have 
demonstrated allosteric modulation of their activity by heteromerization; this serves as a novel concept for the design of synergistic ligand 
cocktails that target heteromeric receptor entities and differentially infl uence their activity. This provides a unique strategy to select receptor-
specifi c responses and is likely to be useful for achieving specifi c benefi cial therapeutic effects.
Supported by NIH grants, DA 08863 and DA019521 (to L.A.D.).
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Mount Sinai School of Medicine, 
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Presentation Title
Engineering of Polymeric Nanoparticles for Medical Applications

Bio
Omid C. Farokhzad, MD is an Associate Professor at Harvard 
Medical School (HMS) and a physician-scientist in the Department of 
Anesthesiology at Brigham and Women’s Hospital (BWH). He directs 
the Laboratory of Nanomedicine and Biomaterials at BWH and is a 
faculty member of the Cancer Research Center and Regenerative 
Therapeutics Research Center of the Brigham Research Institute. He 
is a member of Dana Farber/Harvard Cancer Center Programs in 
Prostate Cancer and Cancer Cell Biology, and a Research Affi liate 
at the Harvard-MIT Division of Health Sciences and Technology 
(HST). He has extensive experience with development of therapeutic 
nanoparticle technologies and pioneered the high-throughput 
development and screening of multifunctional nanoparticles for 
medical applications. Dr. Farokhzad has authored more than 75 
papers and is an inventor of more than 65 issued/pending patents. 
The combinatorial nanoparticle self-assembly technologies that 
he developed have formed the foundation for the launch of three 
venture-backed biotechnology companies, BIND Biosciences, 
Selecta  Biosciences, and Blend Therapeutics and he currently serves 
as Director on the boards of these companies and as Vice Chairman 
of the board for  Selecta. These companies are working to translate 

the aforementioned academic innovations towards clinical development. Dr. Farokhzad is a member of the 
College of the Fellows of the American Institute of Medical and Biological Engineering. He has been named 
among the “Nano50” by NASA Nanotech Briefs, which awards the most innovative people and design ideas 
that will revolutionize nanotechnology, and he was among the 15 recipients across all industries to receive 
the “All-Star Distinguished Achievement Award” from the Mass High Tech (MHT) Journal for his contributions 
to Life Sciences industry. Dr. Farokhzad completed his post-doctoral clinical training at BWH/HMS and his 
research training at MIT. He received his M.D. and M.A. from Boston University School of Medicine.

Abstract
A variety of organic/inorganic materials are utilized to generate nanoparticles for drug delivery: polymeric 
nanoparticles, dendrimers, nanoshells, liposomes, nucleic acid based nanoparticles, magnetic nanoparticles, 
and virus nanoparticles. Two most commonly used systems are polymeric nanoparticles and liposomes. 
Controlled release polymer technology impacts every branch of medicine: ophthalmology, pulmonary, pain 
medicine, endocrinology, cardiology, orthopedics, immunology, neurology and dentistry, with several of these 
systems in clinical practice such as Atridox, Lupron Depot, Gliadel, Zoladex, Trelstart Depot, Risperidol Consta 
and Sandostatin LAR. The market of controlled release polymer systems extended beyond drug delivery is 
estimated $100 billion and are used by over 100 million people a year. Polymeric nanoparticles deliver drugs 
in the optimum dosage over time, increasing the effi cacy of the drug, maximizing patient compliance and 
enhancing ability to use highly toxic, poorly soluble, or relatively unstable drugs. These systems can also be 
used to co-deliver two or more drugs for combination therapy. The surface engineering of these nanoparticles 
may yield them “stealth” to prolong their residence in blood and the functionalization of these particles with 
targeting ligands can differentially target their uptake by a subset of cells, increasing their specifi city and 
effi cacy. The successful clinical translation of therapeutic nanoparticles requires optimization of many distinct 
parameters including: variation in the composition of the carrier system, drug loading effi ciency, surface 
hydrophilicity, surface charge, particle size, density of possible ligands for targeting, etc., resulting in a large 
number of potential variables for optimization which is impractical to achieve using a low throughput approach. 
Recently, combinatorial approaches have been developed to precisely engineer nanoparticles and screen 
multiple nanoparticle characteristics simultaneously. Our goal is to review  efforts in design and optimization of 
polymeric nanoparticles for medical applications, which formed the foundation for the clinical translation of the 
fi rst-in-human targeted and controlled-release nanoparticles (BIND-014) for cancer therapy.
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Omid C. Farokhzad, MD

Associate Professor

Brigham and Women’s Hospital/Harvard 

Medical School, Boston, MA

Presentation Title 
Tethered Ligands for G Protein-Coupled Receptors

Bio
Kenneth A. Jacobson, Ph.D. is Chief of the Laboratory of Bioorganic 

Chemistry and the Molecular Recognition Section at the National 

Institute of Diabetes and Digestive and Kidney Diseases, National 

Institutes of Health in Bethesda, Maryland, USA. He is a medicinal 

chemist with interests in the structure and pharmacology of G 

protein-coupled receptors (GPCRs), in particular receptors for 

adenosine and for purine and pyrimidine nucleotides. GPCR 

structure is probed through computer modeling, mutatgenesis, 

and the structure activity relationships of novel small molecular 

ligands.   Dr. Jacobson originated various conceptual approaches 

to studying GPCRs, including neoceptors, functionalized congeners, 

and GLiDe conjugates. He graduated in 1975 from Reed College, 

Portland, Oregon with a B.A. in Liberal Arts, and received his Ph.D. in 

Chemistry with Prof. Murray Goodman at the University of California, 

San Diego in 1981. He was a Bantrell Fellow at Weizmann Institute 

of Science in Rehovot, Israel before joining the NIH in 1983. Recent 

awards include the 2009 Pharmacia-ASPET Award in Experimental 

Therapeutics, the 2008 Sato Memorial International Award of the 

Pharmaceutical Society of Japan, and the 2003 Hillebrand Prize of 

the Chemical Society of Washington for original contributions to the 

science of chemistry, In 2004, he ranked 4th among the most highly 

cited authors in pharmacology and toxicology during a ten year 

period (ISI). In 2009, Dr. Jacobson was inducted into the Medicinal Chemistry Hall of Fame of the American 

Chemical Society, of which he is a Fellow, and served as Chair of the Medicinal Chemistry Division. He has 

approximately 600 scientifi c publications, and his patents have been licensed to industry for development 

of therapeutic agents and widely used research tools.  Several nucleoside agonists of the A3 adenosine 

receptor invented by Dr. Jacobson are in advanced clinical trials for infl ammatory disease and cancer. 

Abstract 
Extracellular adenosine and various small nucleotides act as biological modulators through twelve subtypes 

of G protein-coupled receptors (GPCRs) to control immune, neuronal, cardiovascular and other functions. 

For example, two agonists of the A3 adenosine receptor (AR) synthesized and characterized biologically 

in our lab are already in advanced clinical trials for cancer and infl ammatory diseases. We have developed 

functionalized congeners of GPCR ligands for conjugation to larger molecular carriers, for example tethering 

of strategically derivatized AR ligands on tree-like polyamidoamine (PAMAM) dendrimers. Biological activity 

is retained or enhanced in multivalent GPCR Ligand Dendrimer (GLiDe) conjugates. We are designing more 

potent and subtype-selective GPCR ligands, based on an understanding of the molecular recognition in the 

binding site.  
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Molecular Recognition Section and 

Chief
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Presentation Title

Peptide Therapeutics

Bio

Dr. Boerrigter graduated from the Medical School of 

the University of Düsseldorf in Germany in 1998 and 

subsequently worked in the Cardiovascular Divisions 

of Düsseldorf University and Wuppertal Heart Center, 

Germany. In 2001 he joined the Cardiorenal Research 

Laboratory at the Mayo Clinic, Rochester, MN. His 

research has focused on the biology, biomarkers, and 

therapeutics of cardiovascular diseases in preclinical 

models and clinical research. Special interests include 

heart failure and activators of soluble guanylyl cyclase, 

the main target of nitric oxide, and guanylyl cyclase A, the 

receptor for atrial and B-type natriuretic peptide. He is 

currently a Research Associate and Assistant Professor 

of Medicine in the Division of Cardiovascular Diseases at 

the Mayo Clinic, Rochester, MN. 

Abstract

Peptides can be attractive therapeutics due to their high selectivity. Challenges and 

opportunities, including effi cient delivery and peptide modifi cations, will be highlighted. 

The development of the natriuretic peptides, including the chimeric designer peptide CD-

NP (cenderitide), for cardiovascular and renal diseases will serve as an example.
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Guido Boerrigter, MD

Cardiorenal Research Laboratory, 

Division of Cardiovascular Diseases, 

Mayo Clinic and Foundation and 

Mayo Clinic College of Medicine, 

Rochester, MN

Presentation Title

Combinatorial Development of Biomaterials for Tissue 

Engineering and Drug Delivery

Bio

Dr. Daniel G. Anderson is an Associate Professor in the 

departments of chemical engineering and the division of 

health science technology, and is an intramural member 

of the David H. Koch Institute for Integrative Cancer 

Research at the Massachusetts Institute of Technology. 

He received his PhD in molecular genetics from the 

University of California at Davis. At MIT, he pioneered 

the use of robotic methods for the development of smart 

biomaterials for drug delivery and tissue engineering. 

He has developed methods allowing rapid synthesis, 

formulation, analysis, and biological testing of large 

libraries of biomaterials for use in medical devices, cell 

therapy and drug delivery. In particular, the advanced 

drug delivery systems he has developed provide new 

methods for nanoparticulate and microparticulate drug 

delivery, non-viral gene therapy, siRNA delivery, and vaccines. His work has resulted in 

the publication of over 150 papers, patents and patent applications. These patents have 

led to a number of licenses to pharmaceutical, chemical and biotechnology companies.

Abstract

High throughput, combinatorial approaches have revolutionized small molecule drug 

discovery.  Here we describe our work on high throughput methods for developing and 

characterizing biomaterials for drug delivery and tissue engineering.  We have developed 

automated methods allowing for rapid nanoliter scale synthesis of 1000’s of biomaterials, 

as well as the testing of their chemical, material, and biological properties.  These methods 

have also been applied towards the development of new methods to control stem cell 

behavior, as well as vehicles for drug delivery.  In particular, these combinatorial libraries of 

different biomaterials have enabled new methods for microparticulate drug delivery, non-

viral gene therapy, siRNA delivery, and vaccines.
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Daniel G. Anderson, PhD

Associate Professor

Chemical Engineering and Health 

Sciences and Technology, The David 

H. Koch Institute for Integrative Cancer 

Research at M.I.T. Cambridge, MA



Presentation Title
Targeting and Triggering in Drug Delivery

Bio
Dr. Daniel S. Kohane obtained his M.D. and a Ph.D. in Physiology 

from Boston University. He subsequently completed residencies 

in Pediatrics (Children’s Hospital Boston) and Anesthesiology 

(Massachusetts General Hospital), followed by a fellowship in 

Pediatric Critical Care (Children’s Hospital Boston). He is currently 

a Senior Associate in Pediatric Critical Care at Children’s Hospital 

Boston, where he directs the Laboratory for Biomaterials and Drug 

Delivery. He is an Associate Professor of Anesthesiology at Harvard 

Medical School.

The Laboratory for Biomaterials and Drug Delivery (LBDD) is a facility 

at Children’s hospital dedicated to fi nding biotechnological solutions 

to diffi cult problems confronting children of all ages, including adults. 

Our lab includes people from all over the world, with a wide range of 

backgrounds; to be specifi c: chemists, chemical engineers, material 

scientists, mechanical engineers, bioengineers, biologists and a 

wide range of physician specialties. The mixture of PhD and MD 

scientists (or people who are both) are encouraged to cross-train 

in each other’s specialties. This broad experience base encourages the convergence of disciplines such as 

nanotechnology, drug delivery, and medicine.

Our group has both medical and biotechnological interests. Our research addresses a wide range of medical 

problems including pain, peritoneal and other adhesions, surgical glues, vaccine vehicles, intracranial 

drug delivery, intra-articular drug delivery, patient-controlled drug delivery systems, antifungal surfaces, 

intracellular delivery of enzymes, ocular and trans-tympanic drug delivery, corneal prostheses, and others. 

From a technological point of view, we have employed microparticles and nanoparticles, including polymeric 

systems, liposomes, mesoporous silicates, and others; hydrogels; hybrid systems that incorporate different 

size scales; organic and inorganic materials. Other interests include microfl uidics, tissue engineering, 

nanomedicine, and surface modifi cation. We have applied our approach in food, beverage, and agricultural 

research as well.

Abstract
Triggerable drug delivery systems have evolved out of a need to address the shortcomings of more conventional 

drug delivery systems. With those, drug release was at best monotonic, i.e. drugs would be released at a 

predetermined rate irrespective of patient needs or changing physiological circumstances. They were 

“controlled” only in the sense that the encapsulating matrices affected, i.e. slowed, drug release.

However, it would clearly be preferable, in some circumstances, to have control over the time at which therapy 

(drug release) is initiated, the duration of that release, and the magnitude of drug effl ux. Thus, for example, the 

patient or physician would be to modulate drug effect in response to changing needs and circumstances.

Spatial control is also important. It can be achieved by targeting drug delivery systems with a ligand to a specifi c 

entity, or by triggering at (and ideally only at) a specifi c location. With spatial control, effi cacy can be improved 

as can the therapeutic index.

Triggering can be achieved by local phenomena just as changes in pH, temperature, etc.; while we will provide 

an illustration of such systems, they are not the subject of this talk. Alternatively, triggering can be remote, 

actuated by external energy sources, including visible light, near-infrared (NIR) light, ultrasound, electricity, or 

magnetic fi elds.

Here we will review the logic underlying triggered and targeted drug release, and discuss a sampling of 

technologies made from a variety of materials that range in scale from nano to macro, and are activated by a 

range of stimuli.
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Daniel S. Kohane, MD, PhD

Associate Professor of Anesthesiology 

Children’s Hospital Boston/Harvard 

Medical School, Boston, MA

Presentation Title
Disease-directed Drug Discovery Initiatives in Sarcoma and Small 

Cell Lung Cancer

Bio 

Dr. Beverly A. Teicher PhD is currently Chief of the Molecular 

Pharmacology Branch at NCI, a position that she assumed in early 

2011. One focus of the Molecular Pharmacology Branch is target 

and drug discovery in the disease areas of sarcoma and small cell 

lung cancer.  Dr. Teicher completed a PhD in Bioorganic Chemistry 

at the Johns Hopkins University and postdoctoral training at Yale 

University School of Medicine. Dr. Teicher joined Dana-Farber 

Cancer Institute as an Assistant Professor of Pathology and rose 

to Associate Professor of Medicine and Radiation Therapy, Harvard 

Medical School at Dana-Farber Cancer Institute and Joint Center 

for Radiation Therapy. In 1997, Dr. Teicher was appointed Research 

Advisor in Cancer Drug Discovery at Lilly Research Laboratories 

where she founded and chaired the Tumor Microenvironment Action 

Group, chaired the Cell Cycle Action Group and headed the In Vivo 

Tumor Models Group before joining Genzyme Corporation in 2002. 

Prior to arriving at NCI, Dr. Teicher was Vice President of Oncology 

Research at Genzyme Corporation for 9 years. 

Dr. Teicher is best known for her work in solid tumor models and physiologic measurements of tumor hypoxia 

and oxygenation, the study of anti-angiogenic agents and the study of drug combinations with an emphasis 

on in vivo determinations of tumor cell kill long with determination of bone marrow CFU-GM killing  in the 

same host. Dr. Teicher has headed laboratories and teams that have contributed critical preclinical studies to 

several approved anticancer agents and several investigational agents currently in clinical trial. 

Dr. Teicher is an active member of the international scientifi c community having authored or co-authored 

more than 400 scientifi c publications. She has edited eight books, is senior editor for the journal Clinical 

Cancer Research, executive editor of the journal Pharmacology and Therapeutics and is series editor for the 

Cancer Drug Discovery and Development book series of more than 65 volumes. 

Abstract
The NCI NeXT Program is seeking applications for drug discovery and development for new agents to treat 

cancer. Some malignant diseases are underserved or are not major focuses of main stream drug discovery 

efforts and therefore are ox special interest to NCI. Among those diseases are sarcoma and small cell 

lung cancer (SCLC). Sarcomas are cancers of mesenchymal origin affecting connective tissue and bone. 

Sarcomas are rare tumors representing about 1% of adult malignancies and 15% of pediatric malignancies. 

Sarcomas affect patients across all age groups nearly equally; however, bone sarcomas are more common 

in younger patients and soft tissue sarcomas are more common among older patients. Early stage sarcomas 

can sometimes be cured by surgery. However, metastatic sarcoma is often relentless with only about 2 years 

survival. The standard of care for metastatic sarcoma is combination chemotherapy with well-established 

cytotoxic agents which, generally, have limited impact on the disease. Some genetic abnormalities, known 

as fusion genes, are known in sarcoma and more research needs to focus on how to target aberrant gene 

products.  Endosialin will be used as an example of a potential new target in sarcoma. SCLC accounts 

for about 15% of lung cancer with about 30,000 deaths in the US per year. SCLC has neuroendocrine 

characteristics, and rapid growth. SCLC often responds well to combination chemotherapy initially but recurs 

and is highly treatment resistant with a 5-year survival of <5%.  Brain metastases are frequent in SCLC. 

Molecular abnormalities in SCLC are known but have been diffi cult to target with drugs. SCLC grows as 

spheroids in culture which makes working with the disease in cell culture somewhat diffi cult. However, SCLC 

grows well as xenografts. NExT applications in these areas are encouraged.    

 

Therapeutics Innovation: 

The Next Generation of Discovery 

4

Beverly A. Teicher, PhD

Chief

Molecular Pharmacology Branch, 

National Cancer Institute, Rockville, MD



Presentation Title 
Disease-directed Drug Discovery Initiatives in Sarcoma 

and Small Cell Lung Cancer

Bio
Joel Morris serves as Chief of the Drug Synthesis & 

Chemistry Branch (DSCB), Developmental Therapeutics 

Program at the National Cancer Institute.  Prior to his 

current appointment, Dr. Morris spent a signifi cant tenure 

in the pharmaceutical industry as a Senior Scientist with 

The Upjohn Company/Pharmacia & Upjohn, and as a 

Research Fellow with Pfi zer.  In this capacity, he led and 

was a member of research teams responsible for the 

discovery of advanced clinical (selective erbB2 inhibitor 

CP-724714, HIV-reverse transcriptase inhibitor PNU-

142721) and preclinical candidates for the treatment 

of cancer, HIV-infection and AIDS, bacterial infections, 

restenosis, and thrombosis.  He has extensive experience 

with the development and implementation of strategies for 

the prosecution of early exploratory chemistry programs, 

including hit-to-lead and fragment-based approaches.  Dr. Morris is heavily invested in the 

utilization of modern medicinal chemistry strategies and techniques as well as advanced data 

visualization and computational chemistry tools to understand trends within data in order to 

design key derivatives for project progression.  He is responsible for >50 publications and 20 

patents, and has delivered >15 invited lectures.  He obtained his Ph.D. in organic chemistry 

at Yale University with Professor Samuel Danishefsky and completed an NIH postdoctoral 

fellowship at CalTech with Professor David Evans.
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Presentation Title
Living Cells as Drug Delivery Vehicles for Transport of Nanoformulated 
Antioxidants to the Brain

Bio
Elena V. Batrakova graduated in 1983 with M.S. degree in chemistry from M.V.
Lomonosov Moscow State University (MSU) Moscow, Russia.  In 1987 she 
obtained Ph.D. in Polymer chemistry at the Department of Polymers, MSU. 
Since 2010 she is an Associate Professor of Pharmaceutical Sciences at the 
University of Nebraska Medical Center, Omaha. She became a Member of 
Center for Drug Delivery and Nanomedicine (CDDN) and Director of CNS 
Drug Delivery Program, CDDN in 2004. 
 The main focus of Dr. Batrakova’s research is to extend and intensify the 
developing of new drug delivery polymer-based systems for the chemotherapy 
to treat multi-drug resistant (MDR) tumors, and CNS disorders. The most 
successful results were obtained with thriblock copolymers, Pluronics. 
Thus, formulations of conventional anticancer drugs with Pluronics were 
shown to increase therapeutic effi cacy of the drugs by 2 to 3 orders of 
magnitude in MDR cancer cells. Pluronic formulations developed with her 
active participation have successfully completed the Phase II clinical trials. 
Another part of her research is associated with applications of polymers in 
drug delivery across the blood-brain barrier. There is signifi cant evidence that 
Pluronics inhibit drug back-effl ux proteins situated in the blood brain barrier, 
and improve therapeutic effi cacy of CNS drugs.
The most recent project is devoted to the development a cell-mediated 
active delivery of therapeutic polypeptides to the brain for treatment of 
Parkinson’s disease (PD) using infl ammatory-response cells as vehicles. 
Specifi cally, mouse bone-marrow derived monocytes (BMM) are loaded ex 
vivo with an anti-infl ammatory polypeptide, catalase and administered into 

the blood stream. To protect the enzyme against degradation inside the host cells, catalase will be coupled with a synthetic 
polyelectrolyte of opposite charge. The drug-loaded BMM are migrating across the BBB in vivo toward the infl ammation 
signal and release the nanoparticles that attenuate infl ammation. Studies proposed in this project will develop a new 
technology based on cell-mediated active delivery of therapeutic polypeptides that attenuate neuroinfl ammation and 
produce neuroprotection in patients with PD.
Dr. Batrakova’s portfolio of research publications includes 80 peer-reviewed papers published or in press, 6 books chapters 
and 10 patents. In addition, she is a co-author of 80 non-peer reviewed preprints, conference papers, and abstracts at 
national and international meetings. 

Abstract
E.V. Batrakovaa,*, M. Haneya, Y. Zhaoa, A.M. Brynskikha, S. Lia, R.L. Mosleyb, A.V. Kabanova, and H.E. Gendelmanb
a, Department of Pharmaceutical Sciences, University of Nebraska Medical Center, 985830 Nebraska Medical Center, 
Omaha, Nebraska, 68198-5830, USA;
b, Department of Pharmacology and Experimental Neuroscience, University of Nebraska Medical Center, 985830 Nebraska 
Medical Center, Omaha, Nebraska, 68198-5830, USA.

Parkinson’s disease (PD) is a common progressive neurodegenerative associated with profound nigrostriatal degeneration 
and neuroinfl ammation. Regrettably, no interdictive therapies are currently available. To this end, we sought a unique means 
to treat disease by attenuating neuroinfl ammatory processes linked to neuronal death. To this end, a new drug delivery 
system was developed for targeted cell-mediated transport of antioxidant enzyme, catalase, to the brain with a focus on PD 
(Scheme 1)1.

Nanoformulated catalase was obtained by coupling the enzyme to a synthetic polyelectrolyte of opposite charge leading to 
the formation of a polyion complex micelle. The nanozyme was loaded into bone marrow derived monocytes (BMM) and its 
cell-based transport to the substantia nigra pars compacts (SNpc) evaluated in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) intoxicated mice Therapeutic effi cacy of the nanozyme was confi rmed by seven- and ten-fold reductions in 
astrocytosis and microglial activation. A 2.7-fold increase in tyrosine hydroxylase associated measure for dopaminergic 
neurons was in nanozyme-treated compared to untreated MPTP-intoxicated mice2. Facilitated transport of the nanozyme 
from macrophages to endothelial and neural target cells occurred through endocytosis-independent mechanisms that 
involved fusion of cellular membranes; macrophage bridging conduits; and nanozyme lipid coatings. The BMM delivery 
system showed sustained release of the enzyme in plasma. Our data support the importance of macrophage-based carriage 
of nanozyme therapies for PD. 
References
1. E.V. Batrakova et al. Bioconjug Chem, 2007, 18, 1498-1506.
2. A.M. Brynskikh et al. Nanomedicine, 2010, 5, 379-96. 
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 Scheme 1. A pictorial scheme of cell-based nanoformulated drug delivery 



Presentation Title 
Delivery of Thearpeutics Across the Blood-brain Barrier: New 

Strategies and Mechanisms

Bio
William A Banks received his MD from University of Missouri-

Columbia in 1979.  He completed clinical training in Internal 

Medicine and later in Endocrinology and Metabolism at Tulane 

University and the Veteran’s Affairs Medical Center-New Orleans.  

He was awarded a Career Development Award by the Veterans 

Affairs from 1982-1985 and became full professor at Tulane 1995.  

In 1998, he moved to the VA and Saint Louis University School of 

Medicine as Staff Physician and Principal Investigator (VA), Professor 

in the Department of Internal Medicine and the Department of 

Pharmacological and Physiological Sciences (SLU), and Visiting 

Professor of Anatomy (Showa University, Tokyo, Japan).  In 2010, he 

moved to Seattle as Associate Director of Research for the Geriatric 

Research Education and Clinical Center (VA) and as Professor in 

the Division of Gerontology and Geriatric Medicine, Department of 

Internal Medicine (U of Washington).  He has published over 400 

non-abstract articles, mostly related to functioning of the blood-

brain barrier, and is on 13 editorial boards, including being editor-in-

chief of Current Pharmaceutical Design.  He has received numerous 

awards including membership in the Musser-Burch Society (Tulane’s 

Clinical Honors Society), the VA Star Award, the 1994 University of 

Missouri-St. Louis Distinguished Biology Alumni Award (single award annually), the 1998 Outstanding Young 

Physician Award from the University of Missouri School of Medicine Medical Alumni Organization, and is the 

2004 Milton D. Overholser Memorial Lecturer.  He belongs to numerous scientifi c organizations is on several 

scientifi c advisory boards, is a past president of the New Orleans chapter of the Society for Neuroscience 

and is a Charter member of the American Peptide Society, a Founding Member of the International Behavioral 

Neuroscience Society, a Charter Member of the International Neuropeptide Society, a Fellow of the American 

College of Endocrinology, and past council member for the Psychoneuroimmunology Research Society. 

Abstract
The blood-brain barrier (BBB) is often viewed as an absolute barrier with few substances able to penetrate 

it.  In reality, the BBB is an interface between the circulation and CNS, an interface that regulates the degree 

to which various molecules can or cannot cross, an interface that adapts to the changing needs of the 

CNS, and an interface that itself can be a target of disease. The classic mechanism by which drugs cross 

the BBB is by way of membrane diffusion, but this is mainly useful for small molecules and is complicated 

by brain-to-blood effl ux systems such as p-glycoprotein.  A few drugs (e.g, L-Dopa, tacrine) use saturable 

transport systems to cross the BBB, but this is a greatly underused approach. Many approaches, such as 

Trojan horse, attempt to modify molecules so as to “trick” the BBB transport systems, but instead likely 

invoke mechanisms more akin to adsorptive endocytosis. Antibodies and other molecules with appropriately 

favorable pharmacokinetics cross by way of the extracellular pathways.  A number of ways to bypass the 

BBB, such as intranasal administration or intrathecal administration are very promising for the appropriate 

molecules.  The complexity of the BBB itself means that the BBB can play a causal role in disease; this, 

in turn, means that the BBB can itself be the target for therapeutics.  To further illustrate aspects of BBB 

physiology and to give specifi c examples of promising drug delivery strategies, three candidates will be 

examined in some detail: saturable transport of oligophosphorothioate antisense molecules, small-molecule 

reinduction of developmentally dependent transport systems for lysosomal enzymes, and targeting the BBB 

itself as a seat of disease in diabetes mellitus. 
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Presentation Title 

Local Control of Infl ammation with AntiTNF-Hyaluronic 

Acid Conjugates

Bio

Newell Washburn received a B.S. in Chemistry from 

University of Illinois at Urbana-Champaign in 1993 and 

a Ph.D. in Chemistry from the University of California, 

Berkeley in 1998. Following post-doctoral research 

at the University of Minnesota in the Department of 

Chemical Engineering and Materials Science, he moved 

to the Polymers Division at the National Institute of 

Standards and Technology, fi rst as a National Research 

Council Post-Doctoral Fellow then as Leader of the 

Biomaterials Group. During this time he was also an 

Adjunct Professor at Johns Hopkins University in the 

Graduate Program in Biotechnology. He joined the 

faculty of Carnegie Mellon University in the Departments 

of Chemistry and Biomedical Engineering in 2004 and is 

Member Faculty at the McGowan Institute of Regenerative Medicine at the University 

of Pittsburgh. In 2011 he was promoted to Associate Professor at CMU. His research 

interests involve development of immunologically active biomaterials and strategies for 

controlling the viscoelastic properties of biopolymers. In 2007 he founded Washburn 

Therapeutics, Inc. to commercialize cytokine-neutralizing gels in treating a broad range of 

infl ammatory conditions using polysaccharide-conjugated TNF inhibitors. Indications for 

the gels include those for which TNF inhibitors are not currently used, such as burns and 

chronic wounds. The company received its fi rst NIH SBIR award in 2010 and is moving 

toward clinical trials of its lead formulation.

Abstract

TNF inhibitors are among the most potent anti-infl ammatory therapeutics. Administered 

systemically, they are effective treatments for chronic infl ammatory conditions, such as 

psoriasis and rheumatoid arthritis. In this presentation, I present research on conjugating 

TNF inhibitors to high molecular weight hyaluronic acid, making them suitable for direct 

application to sites of infl ammation. Pre-clinical results in a rat partial-thickness burn 

model demonstrate that these conjugates can signifi cantly modulate the infl ammatory 

microenvironment, and in conditions characterized by progressive tissue damage due 

to infl ammation, these biomaterial therapeutics are capable of improving healing. These 

results suggest that conjugation of TNF inhibitors to hyaluronic acid could form the basis 

for treating a broad range of conditions characterized by intense infl ammatory responses 

that are currently not suitable for treatment with systemically administered therapeutics.

Therapeutics Innovation: 

The Next Generation of Discovery 

6

Newell R. Washburn, PhD

Assistant Professor of Chemistry 

Biomedical Engineering and 

Materials Science and Engineering, 

Department of Chemistry, Carnegie 

Mellon University, Pittsburgh, PA



Presentation Title
Vascular Targeting of Translational Biotherapeutics

Bio
Vladimir obtained his M.D. degree (Internal Medicine) from Moscow Medical 

School in 1980 and Ph.D. (Biochemistry) from Russian National Cardiology 

Research Center in 1985.  Prior to joining PENN in 1993, he was a Senior 

Investigator in this Center in Moscow, where he conducted research in 

vascular drug targeting. He has published ~130 peer reviewed papers on 

drug delivery and vascular biology in the leading journals including numerous 

papers in Nature Biotechnology, PNAS USA, Blood, FASEB J., AJP and 

JPET. He authored ~30 chapters and reviews. In 2003, Dr. Muzykantov 

edited a book “Biomedical Aspects of Drug Targeting” published by Kluwer 

Academic Press. He has been a recipient of the AHA Established Investigator 

Award (1996-2000) and AHA Bugher Stroke Award (2000-2004). He gave 

numerous talks, including Gordon Research Conferences on Carriers for 

Drug Delivery (2002, 2008), Oxidative Stress (2004), and Endothelium 

(2004). He was a Keynote Speaker at 4th Annual Colloquium “Cellular and 

Molecular Biomechanics”, University of Virginia, Charlottesville (2003) and 

GUIDE International Graduate Course in Drug Delivery, Groningen University, 

Netherlands (2005). He chaired Transatlantic Conference on Imaging Target 

Molecular Signatures in the Lungs (Luzerne, 2009) and was elected as a 

Chair of the Gordon Conference on Carriers for Drug Delivery (2012). Dr. 

Muzykantov also serves as a Chairman of PENN Pharmacology Graduate 

Group.

Muzykantov directs a research lab at PENN continuously funded by the NIH, 

DOD, American Heart Association (AHA) and other sources since 1996. His 

team is focused on vascular targeting of biotherapeutics and imaging probes. In collaboration with other investigators, 

his team designs and explores targeting strategies employing affi nity carriers directed to vascular target determinants for 

site-specifi c delivery and guided effects of anti-infl ammatory, anti-thrombotic and antioxidant therapeutics in the sites of 

desired action. We employ protein bioconjugation and bioengineering, recombinant fusion and mutant proteins, design of 

polymer nanocarriers for drug delivery, cell and molecular biology approaches; animal studies and diverse morphological 

and imaging techniques. Studies on pharmacokinetics, targeting, subcellular addressing, cellular traffi c, activity and 

effects of targeted drugs in Muzykantov’s lab employ variety of models including cell cultures, perfused organs and in 

animal models of infl ammation, ischemia, oxidative and thrombotic stress. In particular, we devised a paradigm-shifting 

strategy and biotech platform for new class of recombinant mutant protein pro-drugs using blood cells for targeted drug 

delivery. Ongoing animal studies show that this new class of targeted biotherapeutics offers an unprecedented degree of 

spatiotemporal control of anti-thrombotic interventions. This approach converts problematic therapies with limited effi cacy 

and therapeutic time window, marred by grave side effects, into a safe and effective rapid short-term thromboprophylaxis. 

This allows prevent thrombotic occlusions in venous, arterial, pulmonary, cerebral and peripheral microcirculatory vessels 

in mice, rats and pigs, without detectable harmful side effects and bleeding, even if animals underwent major surgery or 

traumatic brain injury, just minutes prior treatment.  

Dr. Muzykantov is dedicated to industrial and clinical translation of his basic research. He holds a portfolio of intellectual 

property including several issued US Patents, patents issued in Australia and European Union, several pending US Patents 

and recently fi led disclosures on drug delivery. 

Abstract
Biotherapeutics including proteins and enzymes gain increasingly prominent profi les as pharmacotherapies with unique 

specifi city and potency of action. However, their medical utility is restricted by rapid inactivation, side effects and 

necessity to be delivered precisely to the target sites in the body. We devise targeting approach in which protein drugs 

and pro-drugs are conjugated with affi nity carriers providing proper destination in the vascular system. This optimizes 

the pharmacokinetics, targeted delivery and therapeutic effects in animal models of oxidative stress, infl ammation and 

thrombosis. Such a proof-of-concept validation brings to the agenda the efforts towards industrial and clinical development 

of these agents. Challenging scientifi c, technological and regulatory aspects of this research program will be discussed.
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Presentation Title 
Understanding Pharmacology of a Candidate Medicine must 

be at the Heart of Successful Drug Discovery

Bio
Tim Rolph is Chief Scientifi c Offi cer of Pfi zer’s Cardiovascular 

& Metabolic Disease Research Unit, based in Cambridge, 

Massachusetts. He received his bachelor degree of 

Biochemistry from University of London (UK), and D.Phil from 

the Faculty of Clinical Medicine, University of Oxford. His 

pre-and post-doctoral training was at the Nuffi eld Institute 

for Medical Research studying the metabolic adaptations of 

skeletal & cardiac muscle during fetal & neonatal development, 

including the effects of intra-uterine growth retardation. 

Subsequently he joined Glaxo’s veterinary R&D group initially 

studying the modulation of growth for food production, then 

moving into anti-infective research for anti-parasitic vaccines 

against protozoan (anti-coccidial for poultry, ParacoxTM) and 

metazoan species (gastrointestinal helminths of ruminants). 

Following this, he began his career at Pfi zer in a similar role, 

before taking up a position leading Pfi zer’s human antiviral 

research at Sandwich (UK). During this period he led the laboratory which discovered the prototypical 

CCR5 antagonist, MaravirocTM, which was launched as a novel antiretroviral for HIV in 2007, 

and a novel non-nucleoside reverse transcriptase inhibitor, lersivirine, currently  in Ph3. He then 

became Head of Research at Pfi zer’s Sandwich laboratory and more recently at Groton, CT. Three 

years ago, he was appointed to his current role leading a Research Unit dedicated to discovering 

medicines which will reshape the treatment and prevention of type 2 diabetes, and address unmet 

medical needs amongst subgroups of patients at highest risk of cardio-renal disease, effectively 

bringing his biological focus back to metabolism and cardiovascular physiology. Through his career 

in pharmaceutical R&D, he has led groups who have taken >10 different therapeutic mechanisms 

into phase 2 clinical studies, 5 of them as fi rst in class evaluations, covering HIV, infl ammatory 

diseases, pain, renal & vascular diseases.   

Abstract
Rigorous optimization of pharmacology is essential for discovering candidate medicines with the 

potential to meet expectations of physicians, payers and patients. New medicines must deliver 

better effi cacy than current standard of care, with safety and toleration appropriate for use in patients 

ranging from closely monitored hospital patients to those under primary care. The requirement to 

achieve a balance between effi cacy and safety is reinforced by withdrawal of a number of approved 

drugs because of inadequate safety, attributable to insuffi cient pharmacological specifi city. The 

presentation describes; the consequences of insuffi ciently characterized pharmacology and how 

pharmacological profi ling has evolved to become more holistic and molecular in nature, illustrated 

by two examples; (1) how the prototype CCR5 antagonist for treating HIV, CelzentryTM, was 

optimized for selectivity over the cardiac ion-channel, HERG, and (2) how a novel partial activator 

of glucokinase to treat type-2 diabetes has been designed to minimize risk of hypoglycemia. 

The presentation concludes with how to apply the principles of translational pharmacology to 

convincingly test a therapeutic hypotheses clinically.   
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