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Kim Brouwer
“Drug-Induced Hepatotoxicity and Impaired Hepatic Bile Acid Transport: Mechanisms and Model Systems”  
Hepatocellular accumulation of bile acids due to inhibition of the canalicular bile salt export pump (BSEP/ABCB11) has been proposed as one mechanism of drug-induced liver injury.  Some hepatotoxic drugs also are potent inhibitors of other hepatic bile acid transporters including Na+-dependent taurocholate co-transporting polypeptide (NTCP/SLC10A1) and/or the multidrug resistance-associated proteins (MRPs/ABCCs).  Species differences in composition of the bile acid pool, differences in the cytotoxic potential of specific bile acids, species differences in the potency of drug-mediated inhibition of hepatic bile acid transport, and the possibility of more potent inhibition by hepatic-derived metabolites than parent drug, are important considerations in the selection of an appropriate model to predict the clinical relevance of drug-mediated impairment of bile acid transport.  Hepatocellular accumulation of drugs/derived metabolites also is an important consideration in drug-induced hepatotoxicity.  Useful in vitro models (e.g., sandwich-cultured rat and human hepatocytes, suspended hepatocytes, transfected systems) and novel approaches to investigate impaired hepatic bile acid transport and examine mechanisms of drug-induced hepatotoxicity will be highlighted.  The role of hepatic transport proteins in the hepatocellular disposition and toxicity of compounds is an important consideration in drug development.  Current knowledge gaps and future directions in this clinically important field of research will be discussed.  Supported by NIH GM41935
Vatsala Naageshwaran
“Translating Cellular Science into Human Outcomes:  Transporters and their Impact on Pharmacokinetics” 
Recent publications from industry, academia, and regulatory agencies, highlight the significance of drug transporters in mediating clinical drug-drug interactions (DDIs), either alone or in concert with drug-metabolizing enzymes.  Interactions with transporters can alter test compound pharmacokinetics, which can increase or reduce systemic exposure, resulting in adverse events or compromised efficacy.  Due to the increasingly prominent role of intestinal, hepatic, and renal transporters in the industry and clinic, new tools are continuously being built to investigate transporter interactions.  One such tool is Cellport™, a suite of cell-based technology including stable P-gp, BCRP, and MRP2 knockdown cell lines, as well as human cells stably transfected with OAT, OATP, and OCT proteins.  The presentation explores the feasibility of reducing and/or eliminating unnecessary downstream clinical engagement by the use of innovative in vitro test systems, appropriate choice of control compounds, and a thorough understanding of variables that impact experimental outcome in early discovery and development.  Focus is on establishing an accelerated and abbreviated path for compound progression and case studies are illustrated in the areas of safety profiling, formulation development, and bioequivalence testing.
Yurong Lai
“The Assessment of Hepatic Drug Transporters for the Implication of Pharmacokinetics and Beyond”
Drug transporters serve as a unique gate-keeper function and therefore can be major determinants of clearance, and the profiles of safety and efficacy.  Similar to drug metabolizing enzymes, the ability of drug transporters to influence pharmacokinetic of drugs, particularly to organ disposition, raises the concerns of potential drug-drug interaction (DDI) and alternation of drug response.  With the recent publication of the International Transporter Consortium, there is an increasing expectation of regulatory agency to assess the potential risk of drug transporter-mediated DDIs for development compounds.  Recent efforts in pharmaceutical industry also include designing a compound that specific targets to an organ, to optimize the safety and efficacy profiles of drug candidates.
While various in vitro models have been used for drug transporter assessments, the lack of specific probe substrates/inhibitors for most drug transporters put a premium on the needs for well-characterized and accessible in vitro systems, as well as strategic data interpretation algorithm leading to decision making.  Among in vitro models, human hepatocytes have been shown to reproduce hepatic uptake function and may be the most relevant in vitro model of human liver.  The extrapolation from an in vitro hepatic model to in vivo could be improved through the characterization of the transporter/enzyme in cultured hepatocytes.  The presentation will share examples of hepatic transporter assessment through characterizing various hepatocyte models for ability of translating the in vitro results to the clinic. 
Chris MacLauchlin
“The Role of Hepatic Transporters in the Mechanisms of Lapatinib Hepatotoxicity”

Transporters can be effective barriers to drug exposure, the rate determining step in the uptake and/or excretion of a compound or metabolite, and a cause of drug-drug interactions or toxicity.  Deciphering the role that drug transporters have on disposition and toxicity is driving a surge in transport-related research activities within drug metabolism and pharmaceutical sciences.  Lapatinib is a novel dual kinase inhibitor that targets ErbB1 (EGFR) and ErbB2 (HER2) receptors, approved (March 2007) for use in advanced metastatic breast cancer in combination with capecitabine for patients whose tumours over express HER2.  A cumulative review of hepatobiliary events as well as hepatobiliary laboratory abnormalities in the clinical program concluded that there was likely a causal association between hepatotoxicity and lapatinib treatment.  To investigate the underlying mechanisms of lapatinib hepatotoxicity an integrated approach of evaluating data from pharmacokinetic, mass balance, in vivo toxicity, ex vivo gene expression, in vitro transport studies and MALDI tissue imaging were used to decipher key mechanisms and implicate the roles specific transporters have in the hepatotoxicity of lapatinib. 
Jose Manautou
“Compensatory Induction of the Multidrug-Resistance Associated Protein 4 (Mrp4; ABCC4) in Response to Chemical Injury:  Analysis of Regulatory Mechanisms”
Exposure to toxicants and genetic conditions leading to acute or chronic liver diseases are known to change the expression of hepatobiliary transporters.  This presentation will concentrate on the regulation of liver transporters during acetaminophen (APAP)-induced hepatotoxicity.  Drug-induced liver injury (DILI) is a leading cause of acute liver failure in the United States and other countries, with the widely used non-prescription medication acetaminophen (APAP) accounting for roughly 50% of all DILI cases.  Our laboratory has shown that changes in the expression of hepatobiliary transporters is a compensatory response to chemical-induced liver injury with potential importance to tissue recovery and development of resistance to subsequent toxicant exposure.  The multidrug resistance-associated protein 4 (Mrp4, Abcc4) is the most significantly induced transporter in response to acetaminophen (APAP) hepatotoxicity in mice and humans.  Current studies in our laboratory are aimed at characterizing the transcriptional regulation and structure of the MRP4 gene and its proximal promoter.  Reporter gene assays in HepG2 cells using progressive promoter truncation constructs showed that the human MRP4 promoter-proximal region is constitutively active.  Overexpression of the transcription factors NRF1, SP2, STAT1, KLF10 and TFAP2A in HepG2 cells increases MRP4 reporter gene expression, while HES1, KLF15 and ZFP161 are repressive.  Among all transcription factors tested, regulation of MRP4 by NRF1 and HES1 was most prominent.  Recent characterization of the 5′-end of the human hepatic MRP4 transcript show the presence of multiple 5′-ends of MRP4 transcripts and a novel exon between exons 1 and 2 (NM_005845).  In silico translation analysis showed that the insertion of this novel exon results in a truncated 40-aa peptide at the N-terminal region of MRP4.  Overall, these results suggest the presence of complex regulatory mechanisms for hepatic MRP4 gene expression involving several transcription factors and multiple transcripts.  Our current emphasis is on understating the interplay between hepatotoxicant exposure and these regulatory events.

Alex Sparreboom
“Uptake Carriers and Oncology Drug Safety”
Drug transporter proteins are of increasing interest in the oncology field due to their role both in processes regulating pharmacokinetic properties of drugs and the development of cellular drug resistance through decreased uptake or increased efflux in the target organ.  The ubiquitous distribution of many drug transporters, and their role in the cellular uptake and efflux of both endogenous compounds and xenobiotics give strength to the supposition that transporters play a crucial role in the therapeutic effects of multiple oncology drugs used clinically.  In particular, variation in drug transporter activity and/or expression in organs such as the intestine, kidney, and liver, leading to transporter malfunction, is now increasingly recognized to have a significant role as a determinant of intersubject variability in response to various commonly prescribed oncology drugs.  Indeed, several of the known ABC gene products are now known to influence the oral absorption and disposition of a wide variety of oncology drugs.  As a result, variable expression levels of these proteins in humans, due to inherited factors (pharmacogenetics) and/or environmental factors (e.g. drug-drug interactions), can have important consequences for an individual’s susceptibility to certain drug-induced side effects and treatment efficacy. 
Similar to the discoveries made for drug efflux transporters of the ABC family, there have been considerable advances in the identification of transporters that facilitate cellular drug uptake in tissues that play an important role in drug elimination.  These transporters comprise over 350 proteins organized into 51 distinct families, and are commonly classified as passive transporters, ion coupled transporters, or exchangers.  Among these, members of the organic anion-transporting polypeptides (OATP), organic anion transporters, and organic cation transporters (OCT) can mediate the cellular uptake of a large number of structurally diverse compounds and may contribute to organ-specific toxicities of multiple oncology drugs.  Specific examples from our recent ventures in this field that will be presented include (i) an important contribution of OATP1B1 to the pharmacokinetics and toxicity of methotrexate, (ii) a dominant role of OCT2 in the renal tubular secretion of cisplatin and oxaliplatin and some associated dose-limiting side effects, including nephrotoxicity, ototoxicity, and peripheral neurotoxicity.
Praveen V. Balimane
"Transporter Strategies in Drug Discovery and Development:  DDI and Safety Implications"
The talk will:

· Highlight the impact of transporters and discuss appropriate use of in vitro/in vivo transporter tools for assessing the risk of transporter-mediated clinical effects (safety as well as DDI’s) to reduce the attrition rate and help progress the right compounds through the development plan. 

· The current industry strategies for transporter studies- which transporters, which models, right timing of the studies, result and interpretations of data to make clinical projections.

· Case studies of transporter mediated DDI’s: Industrial examples of diagnosis of clinically relevant DDI’s via mechanistic transporter studies, state-of the art of “transporter package” prior to submissions, lessons learned via interactions with agencies.
· Next frontiers: humanized transporter models, in silico predictions, induction/regulation of transporters, transporter polymorphisms etc.

