Publishable executive Summary

Project objectives:

The development of a new drug is a complex process aimed at identifying a pharmacologically active, low toxicity, drug candidate among closely related compounds. While acute toxicity of a new drug candidate can be easily detected in vitro, long-term toxicity is more difficult to anticipate. Testing procedures prescribed by regulatory authorities (EMEA, FDA, OECD, etc.) still involve repeat administration of the drug to two animal species (rodent and non-rodent) during a significant period (3 to 6 months) that, in the case of carcinogenicity testing must be extended to the rodent’s life-span. These in vivo tests are time consuming, labour intensive, use high numbers of animals, require controlled animal husbandry, are consequently very expensive and are not always predictive of human toxicity.

Thus, there is an urgent need for well-standardized in vitro models allowing for screening chronic and sub-chronic toxicity induced by drugs and xenobiotics. In line with this demands, the aim of this project is to develop a novel strategy for predicting chronic toxicity in the two most important target organs affected by drugs and xenobiotics, the liver and the kidney. The project will integrate emerging technologies and new culture models to develop a high-throughput platform for toxicity testing, amenable of undergoing a formal validation, which in addition will allow detection of relevant or unknown pathogenetic processes involved. This goal will be achieved by combining advanced culture technology, genomic, proteomic and cytomic analysis to detect the early events of cellular injury, and examining the data generated in view of the known pathophysiological changes linked to the chronic disease. It is also expected to gain novel mechanistically based knowledge on the relationships between cell lesion, gene induction (and/or repression), protein translation and in vivo chronic toxicity events.

Predictomics can represent a most valuable tool for the pharmaceutical industry for reliably screening (safe) new compounds with clinical potential. The testing platform here envisaged will be amenable to high throughput use, a “must” to be able to test the ever-increasing number of compounds developed by the pharmaceutical companies.

Contractors Involved:

Thirteen partners from nine European countries, are involved in this consortium: José V Castell , University Hospital La Fe (Valencia, Spain) is serving as coordinator. Other partners are: Walter Pfaller (University Innsbruck, Austria), Vera Rogiers (Vrij Universiteit Brussels, Belgium), Patrick Maurel (INSERM, Montpellier, France), Mohamed Daha (Leiden University, The Nederlands), Michael P. Ryan (University of Dublin, Ireland), Hans-Juergen Ahr (BAYER HEALTHCARE AG, Germany), Armin Wolf (NOVARTIS, Basel, Switzerland), Laureano Simón (Progenika S.L., Zamudio, Spain), Carmen Cueva (Pharmamar S.L., Madrid, Spain), Jan Snoeys (Johnson & Johnson, Beerse, Belgium), Bernward Garthoff (ECOPA, Brussels, Belgium), Pilar Prieto (JRC, Ispra, Italy).

Specific objectives of the project are:

a) Development of advanced and innovative cell culture models for liver and kidney cells, including targeted-directed cell transformation and stem cell technology (WP1, WP2; months 1-24)

b) To optimise and technologically improve genomic, proteomic and cytomic tools to increase sensitivity and accuracy (WP3; months 1-18)

c) Identification of primary (mechanistically linked) and secondary biomarkers of chronic toxicity based on combined genomic proteomic and cytomic analysis of cells exposed to model hepatotoxins (WP4) and nephrotoxins (WP5); Months 1-18).

d) Understanding mechanisms of chronic toxicity for searching new (early) toxicological markers (WP4, WP5; Months 18-30).

e) Establishment of a hierarchical decision tree, based on the identified primary and secondary biomarkers, as well mathematical models to early anticipate the potential toxicity risk of drugs under development (WP6; moths 24-30).

f) Prevalidation of the screening platform (WP6; months 30-36).

Major achievements during the first year:

Renal group: A human proximal tubule model has been established for the purposes of conducting gene expression microarrays with the Affymetrix HGU-133 plus 2 platform. An interlaboratory comparison across four laboratories, using the model nephrotoxin CsA, has confirmed that the model is standardised, robust, reproducible and transferable. The predictively of the model with an additional 11 nephrotoxic compounds has been investigated and a preliminary prediction model developed. A number of limitations of the model have been identified including poor performance where phase I metabolism is necessary for toxic action and an intrinsic aminoglycoside resistance. A number of marker genes have been identified which are potential markers of early response to toxicity.

Liver group: Elucidation of the transcription factors needed for hepatocytes to express their adult phenotype, poorly expressed in dedifferentiated human hepatoma cells, has been achieved. Seven adenoviral vectors for expression of hepatic transcription factors, coactivators and nuclear receptors have been developed. HepG2, as prototype, have been transiently transfected with these vectors, and the expression of CYPs, and typical hepatic genes was partially recovered.. The reexpression of CYPs was further increased with the combination of recombinant adenovirus for transcription factors and HDAC inhibitors. Other major achievement has been the isolation, characterisation and differentiation to the hepatocyte lineage of adult intrahepatic progenitor cells to be used as new tools for metabolism and toxicity testings of xenobiotics and drugs.  We have designed and prevalidated a new fast method to predict drug induced liver cholestasis by means of flow cytometry. Three types of novel fluorescent analogs have been synthesized as probes for this purpose. The method allows evaluation of the real-time kinetics of bile acid derivatives uptake in fresh suspensions of hepatocytes and the  uptake impairment by drugs. It has also developed a new multiparametric method to predict drug induced liver steatosis by flow cytometry allowing to discriminate between early and late effects of   steatosic compounds. Cultured hepatocytes treated with model cholestatic and steatotic hepatotoxins were analysed on genomics platforms on a genome-wide scale to identify gene products whose expression levels or post-translational features change as a consequence of exposure to the drugs. A steatosis fingerprint has been defined and will be exploited in the form of a DNA microarray.  Finally, an integrated strategy of cytomic and genomic platforms has been defined which will be useful for screening steatotic and cholestatic drugs at pre-clinical stages.
