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Rachel Reams:

Biomarkers:  the Translation “Journey” from Bench to Bedside

Director of Pathology & Molecular and Anatomical Imaging

Covance Laboratories, Inc., 671 S. Meridian Road, Greenfield, IN  46140

Abstract

Drug development today is becoming increasingly patient focused.  Patient “centric” drug development relies on translational medicine to identify appropriate biomarkers that can bridge from basic bench research, through safety testing, into clinical trials and long-term monitoring strategies.  This integrated approach should result in improved confidence in human drug targets, improved drug candidates, increased probability of technical success for drug candidates, and cost-effective decision making for drug development.  A number of factors must be considered in the course of qualification and validation of biomarkers, and their use, as they transition through various stages of drug development.  Examples from Discovery and Preclinical development will be used to highlight the utility of biomarkers and translational medicine in drug development.   

John Roberts:
Electroencephalography PK/PD as a Translational CNS Biomarker
Pharmacokinetics Scientist, Drug Metabolism and Pharmacokinetics, AstraZeneca

Abstract

Electroencephalography (EEG) is the recording of brain electrical activity through attached electrode sensors.  EEG serves as a convenient, time-continuous measure of both drug-induced physiological responses and disease-induced biomarker changes. Danhof’s recently proposed biomarker classification system is a useful framework for understanding the applicability of EEG in translational approaches to dose range finding studies as both an efficacy and adverse event biomarker. This seminar will be a brief review of EEG PK/PD applications within neuroscience R&D and a look at the future utility of EEG towards more predictive and quantitative solutions to clinical disease.

Ian Blair:

Novel 15-Prostaglandin Dehydrogenase-Derived Endogenous Anti-Proliferative Lipids

Centers for Cancer Pharmacology and Excellence in Environmental Toxicology, University of Pennsylvania School of Medicine, Philadelphia, PA 19104-6160.
Abstract

Endogenous lipids such as prostaglandin (PG) E2 increase the proliferation of tumor cells up to the point where they need a new blood supply by stimulating angiogenesis.  A steady-state level of PGE2 is maintained in tumors by PGE-synthase-mediated metabolism of cyclooxygenase (COX-2)-derived PGH2 and a catabolic pathway involving 15-prostaglandin dehydrogenase (PGDH)-mediated conversion to inactive 15-oxo-PGE2.  Loss of 15-PGDH expression correlates with tumor formation in colorectal, intestinal, breast, skin, kidney, and lung cancer.  Thus, up-regulation of COX-2 and down-regulation of PGDH provides an endogenous oncogenic media​tor (PGE2) that is a significant contributor to the progression of cancer.  Furthermore, ATP-binding cassette (ABC) C4 transporter that secretes PGE2 from epithelial cells is up-regulated in many tumors.  Conversely, the organic anion transporter polypeptide (OATP) 1A2, which medi​ates PGE2 uptake into the epithelial cells for catabolic inactivation, is down-regulated.  We have shown previously that 11(R)-hydroxy-5,8,12,14-(Z,Z,E,Z)-eicosatetraenoic acid (HETE) is a major eicosanoid formed through COX-2-mediated arachidonic acid metabolism in epithelial cells.  The 11(R)-HETE arises from peroxidase-mediated reduction of 11(R)-hydroperoxy-5,8,12,14-(Z,Z,E,Z)-eicosatetraenoic acid that is formed initially by the lipoxygenase (LOX) activity of COX-2.  Surprisingly, 11(R)-HETE was an excellent substrate for 15-PGDH.  We realized that the resulting metabolic product, 11-oxo-eicosatetraenoic acid (ETE), was structurally similar to the peroxisome proliferator-activated receptor-( agonist 15-deoxy-(12,14-prostaglandin (PG) J2 (15d-PGJ2).  This suggested that 11-oxo-ETE might inhibit endothelial cell proliferation in a similar way to 15d-PGJ2.  In fact, 11-oxo-ETE (IC50=2nM) was 500-fold more potent as an inhibitor of endothelial cell proliferation than 15d-PGJ2 and 5 times more potent than the 38 kDa protein angiostatin.  15-oxo-ETE formed from COX-2/15-PGDH or 15-LOX/15-PGDH was also an inhibitor of endothelial cell proliferation.  Major metabolic path​ways involved in 11-oxo-ETE and 15-oxo-ETE inactivation involve glutathione (GSH)-S-trans​ferase (GST)-mediated formation of the11-oxo-GSH-adduct (OEG) or 15-OEG and a reductase pathway back to the corresponding HETEs.  Up-regulation of enzymes involved in these cata​bolic pathways (often observed in cancer patients) would reduce the amount of endogenous anti-angiogenic 11-oxo-ETE and 15-oxo-ETE in vivo.  Increased metabolism of 11‑oxo-ETE and 15-oxo-ETE, together with reduced biosynthesis through down-regulation of 15-PGDH could then result in an angiogenic switch in favor of angiogenesis and tumor proliferation.  The oxo-ETEs comprise a family of twelve isomeric lipids formed from COX-, LOX- or reactive oxygen spe​cies-mediated lipid peroxidation followed by the action of peroxidases and dehydrogenases.  GST- and gamma-glutamyltranspeptidase-mediated metabolism of the oxo-ETEs would result in the formation of twelve OEGs and twelve oxo-ETE-cysteinylglycine-adducts.  Our studies could have significant clinical importance for developing therapeutic strategies to overcome down-regulation of 15-PGDH-mediated oxo-ETE biosynthesis and up-regulation of GST- and reduc​tase-mediated oxo-ETE catabolism to inhibit cancer progression through inhibition of angio​genesis.  Furthermore, the synthesis of metabolically stable biomimetic analogs of 11-oxo-ETE and 15-oxo-ETE could provide the basis for novel anti-angiogenic therapies.
Rachel Tyndale:

Genotype and Biomarkers Indicate Genetic Differences in Smoking Behaviours and Treatment Response
Center for Addiction and Mental Health & University of Toronto

Abstract

Genetically variable CYP2A6 metabolically inactivates (90% of nicotine to cotinine and (100% of cotinine to 3’-hydroxycotinine.  Cotinine has a long half life; the ratio of 3’-hydroxycotinine to cotinine among smokers provides a stable reliable phenotypic biomarker which is highly correlated to CYP2A6 genetic variation, rates of nicotine metabolic inactivation and to rates of total nicotine clearance, the latter being the most relevant to smoking studies.  Like many CYPs, large interindividual and interethnic variation in CYP2A6 activity exists.  Variation in CYP2A6 genotype and/or the metabolite ratio biomarker is associated with differences in numerous smoking behaviours including acquisition of smoking, level of dependence, amount smoked and ability to quit smoking.  Focusing on cessation, we found the odds of quitting with nicotine patch were reduced by 30% with each increasing quartile of the ratio (Lerman 2006); faster metabolizers were less successful in quitting than slow metabolizers.  The ratio did not predict cessation in the nicotine spray group, presumably because participants titrated their nicotine dosing to accommodate their different rates of metabolism (Maliayandi 2006).  We have replicated and extended this in a study of longer duration patch treatment (Schnoll 2009; Lerman 2010).  We have also examined pharmacokinetic variation in a placebo controlled trial of bupropion (Zyban).  Fastest metabolizers (4th quartile of the ratio) benefited significantly from bupropion compared to placebo (OR=4.5) while little/no benefit was seen for slow metabolizers due, at least in part, to their higher quit rates while on placebo (Patterson, 2008).  This suggests that CYP2A6 slow metabolizers do particularly well on nicotine patch but gain little therapeutic benefit from bupropion.  In contrast CYP2A6 fast metabolizers respond well to bupropion but do more poorly on placebo and patch. Inhibiting CYP2A6 in order to slow nicotine metabolism can phenocopy the benefits of genetically-mediated CYP2A6 slow metabolism.  Thus among fast metabolizers inhibiting CYP2A6 activity may reduce smoking, increase cessation, and improve response to nicotine patch.  Alternatively a pretreatment test to determine smokers’ nicotine metabolism rate or CYP2A6 genotype may be useful for treatment optimization.

This was supported by CAMH, CIHR-MOP86471, NIH CA/DA P5084718, NIH DA020830, and a Canadian Research Chair in Pharmacogenetics (RFT).  RFT is a shareholder in Nicogen Research Inc, a company focused on the development of smoking cessation treatments, and has consulted for Pharmaceutical companies on smoking cessation treatments.

Don Mager:

Pharmacokinetics and Exposure-Response Relationships of Biologics
University at Buffalo, State University of New York, Department of Pharmaceutical Sciences

Abstract

The in vivo disposition (pharmacokinetics, PK) and action (pharmacodynamics, PD) of biological therapeutics tend to be more complex relative to small synthetic compounds, resulting from a combination of pharmacological and physiological factors. Nonlinear dose-dependent effects on drug absorption, disposition, and response are commonplace. Receptor-mediated transport is a major elimination mechanism for many peptides, proteins, and monoclonal antibodies, and such complexities form unique challenges for the characterization of the pharmacological properties of these agents and the dose selection and development of new biologic drugs. Understanding the PK/PD properties of compounds is critical component to the drug discovery and development process. The goal of this paper is to describe the basic tenets of macromolecule PK/PD and present several modeling approaches for characterizing these properties. Mathematical modeling and computer simulations using mechanism-based PK/PD models are well suited for assessing complex exposure-response relationships and may be used to guide the development of therapeutic proteins and monoclonal antibodies throughout the development lifecycle.
Brian Kirby:

Unraveling the Multifaceted Nature of the HIV Protease Inhibitor-CYP3A Drug-Drug Interactions: A Quantitative In Vitro to In Vivo Prediction.

Department of Pharmaceutics, University of Washington, Seattle, WA 98103

Abstract

Anti-HIV protease inhibitors (PIs) are frontline drugs in the treatment of HIV/AIDS.  They are routinely administered in combination with other anti-HIV drugs including other protease inhibitors, nucleoside (e.g. azidothymidine) and non-nucleoside reverse transcriptase inhibitors (e.g. delavirdine).  However, the use of these drugs in the clinic is complicated by their potential to produce profound drug-drug interactions (DDIs).   These interactions are primarily caused by inhibiting cytochrome P450 enzymes (CYPs) and transporters, in particular CYP3A4/5 and P‑glycoprotein.  In addition, many of the PIs are mechanism based inhibitors of CYP3A4/5.  In fact, ritonavir (RTV) is now almost exclusively used, in combination with other PIs, for its ability to inactivate CYP3A4/5 and therefore “pharmacologically boost” the bioavailability of other PIs (e.g. lopinavir, saquinavir, amprenavir).  Interestingly, PIs produce unexpected DDIs or do not interact when such interactions are expected.  For example, RTV significantly decreases alprazolam (CYP3A substrate) clearance when both drugs are co-administered as a single dose.  Yet, paradoxically, on multiple dose administration, RTV has no effect on alprazolam clearance.  In addition, many of the PIs, which are eliminated primarily by CYP3A4/5 and P-gp, are autoinducers of their own clearance.  Chronic administration of these drugs results in plasma concentrations that are lower than those predicted from their single dose data.  Collectively, the above factors make predicting DDIs with the PIs complex.  Therefore, our goal was to create a mechanistic framework to predict such interactions from in vitro experiments.  To do so we first conducted a study to quantify the net induction or inactivation of CYP3A (intestinal and hepatic) after multiple dose administration of the PIs ritonavir or nelfinavir with rifampin as a positive control.  We chose to use RTV and nelfinavir as our model PIs, as they differ considerably in their propensity to produce DDIs and their in vitro potency to inactivate CYP3A4/5.  Then, using our in vitro hepatocyte data, and published human liver microsome data we used a modification of a comprehensive prediction model to quantitatively predict the magnitude of the DDIs caused by RTV, nelfinavir or rifampin.  Many of these predictions were not acceptable.  As a result, we investigated potential short comings of the model including in vivo and in vitro parameters with the goal of improving the prediction accuracy of these DDIs.

Funding Sources: NIH grants GM 032165, K24DA00417, M01-RR-00037, ARCS fellowship, NIH training grant GM 07550, Simcyp sponsored fellowship.

Paul Watkins:

Why Good Drugs are Sometimes Bad for the Liver
Director, Hamner – University of North Carolina Institute for Drug Safety Sciences

Research Triangle Park, NC

Abstract

Drug Induced Liver Injury (DILI) remains the major adverse drug event that leads to termination of clinical development programs, or regulatory actions including failure to approve for marketing, restricted indications, and withdrawal from the marketplace.  The type of DILI that is most problematic is “idiosyncratic”  meaning that only a very small fraction of treated patients are susceptible to the DILI.  Current preclinical models, even “humanized” ones, do not reliably identify molecules that are safe for the liver and, conversely predict liabilities in molecule that are in fact safe for the liver.  For example, current preclinical testing does not detect the DILI potential of xymelagatran but would predict that the liver risk is high for acetaminophen even when taken as directed.  Reliable preclinical testing will probably not be developed until there is greater understanding of the mechanisms underlying idiosyncratic DILI.  The Hamner-UNC  Institute  for Drug Safety Sciences has been building novel research programs that are designed to bridge the gap in knowledge between preclinical models and patients.  Research programs to be discussed include the Collaborative Cross strains of inbred mice to identify specific genes and pathways that underlie DILI susceptibility and that can be used to generate hypotheses that are testable in the human DILI gene banks assembled by the Severe Adverse Events Consortium (SAEC) and the Drug Induced Liver Injury Network (DILIN).  A second research project involves clustering drugs by structural descriptors and cell based biological responses as a surrogate for mechanisms to generate samples sizes sufficient to perform genome-wide association studies in the human DILI gene banks.  Finally, the center is collaborating with Entelos and the FDA to develop DILI-sim, a computer-based platform consists of simulations of interacting pathways that underlie susceptibility to DILI.  When completed, it will improve understanding of many aspects of DILI, including species differences in DILI susceptibility.  
Curtis Klaassen:

Regulation of Phase-I and -II drug metabolism and transporters

Department of Pharmacology, Toxicology and Therapeutics 

University of Kansas Medical Center
Abstract

Liver is an essential buffer for drugs and nutrient homeostasis.  Uptake transporters bring various xenobiotics into hepatocytes for biotransformation, whereas phase-I and –II drug-metabolizing enzymes convert the substrates into more water-soluble metabolites, which are then eliminated by hepatic-efflux transporters.  Recently, data from our laboratory and other research groups have demonstrated that the transcriptional regulation of the drug-metabolizing enzymes and transporters (together termed “drug- processing genes”) is under control of ligand-activated nuclear receptors and distinct chromatin-epigenetic signatures.  The microsomal-enzyme inducers (MEIs) can enhance the biliary excretion of various chemicals, and they not only up-regulate the mRNAs of the prototypical target cytochrome P450s (Cyps) in phase-I metabolism, but also induce the mRNAs of phase-II-drug-metabolizing enzymes and transporters.  Using various xenobiotic-receptor-gene knock-out mice (AhR-null, CAR-null, PXR-null, PPARα-null, and Nrf2-null), we have demonstrated that chemical induction of many drug processing genes is transcription-factor dependent.  Multiple xeno-sensors have been found to act in concert to regulate the expression of drug-processing genes.  For example, the oxidative-stress sensor Nrf2 is required for TCDD-mediated induction of small classical AhR-target genes in mice.  Recent genome-wide technological advancements, including microarray, ChIP-on-chip, and ChIP-Sequencing have allowed further mechanistic investigations of direct target gene profiles and regulatory factors binding within the drug-processing genome.  For example, microarray has revealed that the PXR ligand, PCN, induces 1539 and suppresses 935 genes in mouse liver.  ChIP-Sequencing has identified that both the induction and suppression of the direct PXR-target genes correspond to increased PXR binding.  The most frequent PXR DNA-binding motif is a direct repeat 4 (DR-4), and surprisingly, there are also many motif occurrences with spacer distances of a periodicity of 5-base pairs, forming an accordion-like DNA structure for PXR binding.  For example, we have identified that DR-9 is the only in vivo response element for PXR-binding to Oatp1a4 gene in mouse liver (ChIP-Sequencing validated by ELISA-based PXR binding assay).  PXR binding overlaps with the epigenetic mark for gene activation (histone-H3K4-di-methylation), but not with epigenetic marks for gene suppression (ChIP-on-chip).  Specifically, novel PXR bindings have been identified around the drug processing gene loci, which are not only upstream of transcription start sites, but also within the intron regions or further downstream.  Increased PXR bindings in these regions correspond to the trans-activation of many drug-metabolizing enzymes and transporters.  In conclusion, through integrating data from genetically-engineered mice, genome-wide location analysis of xenobiotic sensors and epigenetic marks, as well as bioinformatics analysis, we have shown that the transcription of phase-I and –II drug metabolizing enzymes as well as transporters is regulated by multiple mechanisms, including ligand-mediated transcriptional regulation by nuclear receptors and other xeno-sensors,  as well as distinct chromatin epigenetic signatures. 

