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Publishable executive summary

Summary description of project

The Genome-based Therapetic Drugs for Depression (GENDEP) research project aims to find a way to use information about patients’ genes to help doctors decide which antidepressant treatment will work best with the least side-effects.  The three year project, involving scientists, clinicians, and industrial partners from ten countries* is led by researchers at the UK Medical Research Council’s (MRC) Social, Genetic, and Developmental Psychiatry Centre (SGDP) at the Institute of Psychiatry, King’s College London.

One in five people at some point in their lives suffer from an episode of depression severe enough to warrant antidepressant treatment. Although, currently there is plenty of evidence for efficacy of antidepressants, a substantial minority of patients show an unsatisfactory response to medication, and cessation of taking prescriptions is common because of adverse side-effects. At present doctors do not have enough information to know how well patients will respond to one antidepressant over another. The choice of what drug to prescribe for optimal response with minimum unwanted effects is largely a matter of taking an educated guess. It is hoped that the Genome-Based Therapeutic Drugs for Depression (GENDEP) project will lead to the development of a genetic test to assist doctors in choosing the right antidepressants for their patients and that it will advance understanding of the biological mechanisms responsible for an antidepressant being effective, which is important for the development of new and better treatments for depression. 

GENDEP has three closely interconnected major themes aimed to address these issues. The first is a large-scale multi-centre human pharmacogenomics study focused on the prediction of therapeutic response to antidepressants and adverse effects. The second is a set of basic science studies using animal models and in vitro experiments, and the third is a programme of work to address the relevant ethical, social, and legal issues. This project includes an integrative analysis of the results of the transcriptomics and proteomics on the samples from the human, the rodent, and the in vitro studies, in order to identify biomarkers consistently identified across all of these experimental methodologies. 

In the patient based part of the project, a thousand patients with depression will be randomly assigned to one of two antidepressant treatments (escitalopram or nortriptyline), which represent the two major mechanisms of action of all antidepressants currently on the market.  Their clinical progress, and the development of any side-effects, will be monitored during a 6 month follow-up period.  Analysis will be undertaken to compare how the patients responded to their assigned treatment, with information about their genetic make-up being determined by taking a blood sample.   This will identify particular ‘genetic markers’ associated with good and bad responses to treatment.  It is hoped that through a further prospective analysis of those biomarkers versus clinical response, that a gene-based diagnostics assay will be developed, which will enhance the ability of clinicians to predict which treatments are likely to be most effective and best tolerated for a given individual. 

In the basic science studies, research is conducted using cells grown in the laboratory and rodent models to find out more about how antidepressants work at the cellular level and how they affect the nervous system.  Data from these areas of work will also feed into the human pharmacogenomics genetic association study.

In considering the key ethical issues associated with genetically tailored treatment for depression, such as, how genetic data should be held, whether and when a patient should be allowed access to that information, and how the process should be regulated, the research team is interviewing key stakeholders, including patients and the general public. 

This integrated project should lead to progress towards validated pharmacogenomic methods for symptom improvement, the prediction of response to psychiatric drug treatment and the reduction of adverse effects. It is hoped that it may also lead to greater basic understanding of the neurobiological mechanisms of depression, and hence be able to identify some promising leads for new targets for drug discovery.

*Countries involved: UK, Ireland, Belgium, Germany, Sweden, Italy, Denmark, Slovenia, Poland, Croatia 

Summary of objectives:

1 To perform a multicentre prospective randomised patient allocation human pharmacogenomics study, using two antidepressants with different primary modes of action: a proserotonergic, and a pronoradrenergic antidepressant, and collecting samples from subjects for genetic analyses, transcriptome profiling, and proteomic studies.  In addition to generate lymphoblastoid cell lines. CR1, CR3, CR5, CR6, CR7, CR10, CR11, CR12, CR13, and CR14.
2 To perform a genetic association analysis of the above samples (CR1 with CRs involved in objective number 1). 

3 To perform transcriptomic studies on samples from the human pharmacogenomics study (CR2 with CRs involved in number 1). 

4 To perform proteomic analysis on samples from the human pharmacogenomics study (CR15 with CRs involved in number 1)

5 To perform functional genomic studies on rat models of depression, using the same two antidepressants as in the human pharmacogenomics study (CR2, CR4, CR6, CR8, CR9, CR17, CR18).
6 To perform functional genomic studies on inbred mouse strains, using the same two antidepressants as in the human pharmacogenomics study (CR1, CR15).

7 To perform functional genomic studies in in vitro culture systems, again with the same two antidepressants (CR1, CR15). 

8 To perform and integrative analysis of the results of the transcriptomics and proteomics on the samples from the human, the rodent and the in vitro studies, in order to identify biomarkers consistently identified across all three experimental methodologies, and to forward candidates from this analysis for the second wave of genetic association analysis (CR1 with all other CRs).

9 To provide biomarkers for assays applicable to medical services for diagnosis and the prediction of response to antidepressants (including adverse effect profile).  Led by CR1, CR5, CR15.
10 To examine some of the ethical, legal, and social issues (ELSI) raised by human  pharmacogenomics studies in depression, including a cost-benefit analysis of pharmacogenomic testing (CR3 with all CRs involved in number 1).

Contractors involved:

The GENDEP consortium is made up of eighteen contractors:

CR1 (Institute of Psychiatry), CR2 (University of Wales College of Medicine), CR3 (London School of Economics and Political Science), CR4 (The Provost Fellows and Scholars of the College of the Holy and Undivided Trinity of Queen Elizabeth, near Dublin), CR5 (Université Libre de Bruxelles, Hôpital Erasme, Département de Psychiatrie), CR6 (Zentralinstitut für Seelische Gesundheit), CR7 (University of Bonn), CR8 (Karolinska Insitute), CR9 (Univeristy of Milan), CR10 (Provincia Lombardo-Veneta - Ordine Ospedaliero di San Giovanni di Dio – Fatebenefratelli), CR11 (Afdeling for Psykiatrisk Demografi, Institut for Psykiatrisk Grundforskning), CR12 (Institut za varovanje zdravja Republike Slovenije), CR13 (University of Medical Sciences in Poznan), CR14 (University of Zagreb), CR15 (Proteome Sciences plc), CR17 (GlaxoSmithKline Research and Development Ltd), CR18 (GlaxoSmithKline SpA) & CR19 (GABO mbH & Co. KG).

Coordinator contact details :

The Coordinator of the project is Professor Peter McGuffin 

and the Deputy Coordinator is Dr Kathy J Aitchison, contact details :

King’s College, London, Institute of Psychiatry, MRC SGDP Centre, Internal Box PO 80, De Crespigny Park, London, SE5 8AF, UK ; gendep@iop.kcl.ac.uk
Work performed in year one:

1. Human pharmacogenomics study

The protocol for recruitment and data collection has been refined, and protocols for sampling and data handling have been established (with CR1 and CR5 playing leading roles in this).  Ethical committee submissions and submissions to regulatory authorities have been made in the countries where this was required under the EU Clinical Trials Directive, and insurance has been arranged where necessary. CR14 made a detailed submission to satisfy local regulations (compatible with Good Clinical Practice under the EU Clinical Trials Directive) and made this available to other sites. A programme for randomisation has been distributed, and a web-based data entry system developed (CR1).  Recruitment has been initiated in 8 out of the 9 participating centers (CR1, CR5, CR6, CR7, CR11, CR12, CR13, and CR14), with follow-up data collection and sampling being successfully conducted.  

Bioinformatic selection of markers to be genotyped in the genetic association analysis component has been conducted (CR1). Negotiations with Roche Diagnostics have been undertaken (CR1), in order to use the AmpliChip CYP450 Array to genotype CYP2D6 and CYP2C19 in this project.

The ELSI component of the research has been initiated, with collation of submissions of all of the recruiting sites to their local ethical committees by CR3, and the development of a research instrument for the collection of data for the cost-benefit analysis component (CR3 with CR1).  

2. Functional genomics using rat models of depression

Model rats (FSL/FRL and LH) have been bred (by CR8 and CR6) and subjected to stress paradigms and /or pharmacological treatment, as according to the workplan, and supplied to collaborating CRs.  CR2 has optimised its procedures for assaying rat brain m RNA.  A series of experiments has established that a classical sacrifice method is superior to focused microwave irradiation if the brains are to be subsequently used for transcriptomics studies (CR17, CR18, CR8, CR9).   Procedures for proteomic analysis of purified rat synaptosomes have been optimized (CR9), and two-dimensional protein gel maps have been generated (CR18) from the hippocampi of FRL rats.  Kinase studies (CR9) have indicated activation of kinase cascades in opposite directions in the FSL and FRL rats.  The mechanism of interaction of stress and antidepressants with glutamatergic synaptic transmission and synaptic plasticity has been assessed in the hippocampi of rats with different genetic backgrounds (FRL, FSL, cLH, cNLH) by CR4, with detailed quantitative analyses being ongoing.    

3. Functional genomics using inbred mouse strains
Dose response curves using acute IP administration have been completed, and pilot trials of the maternal separation protocol have been conducted (CR1).  

4. In vitro studies

Mouse fibroblast cells have been treated with two different concentration of escitalopram and nortriptyline for one time period (CR1).  Quantitative real-time PCR analysis of six candidate genes has been conducted on RNA extracted from the cell culture pellets (CR1), with preliminary results suggesting that one gene is downregulated in the presence of one of the drugs tested (at the higher concentration).  

5. Training activities

CR1 has provided training for all sites recruiting for the human pharmacogenomics study (CR1, CR5, CR6, CR7, CR10, CR11, CR12, CR13, and CR14).  Researchers from CR9 and CR18 have spent time in the laboratory of CR8, exchanging knowledge, and a researcher from CR9 has also spent time in the laboratory of CR18, which has led to the establishment of reproducible methods across sites. 

6. Management activities

CR19 has personalised a web-based tool for project and administration of European research projects (Milliarium) for GENDEP, and provided guidance and advice to the Consortium to assist in the “good practice” of resources management.  The audit certification process was successfully conducted by all CRs and collated by CR19.  

A Consortium Agreement was drawn up and negotiated (CR17 and CR1), with all contractors signing up to this.  A mutually acceptable contract was negotiated (CR1) with Lundbeck for the supply of study medication.  

CR1 organised and hosted the first Consortium Meeting post signing of the contract.  Telephone conference meetings of the Project Executive Board and Governing Board have been coordinated by CR1, and Task Force Groups have met or communicated to refine relevant aspects of study design.

Expected end results:

The expected end results include:

1. Data regarding association of biomarkers with response to antidepressants.  These biomarkers include DNA-based biomarkers and markers that are products of gene expression (i.e. RNA or protein).

2. Data regarding transcripts (RNA) and proteins differentially regulated in rat models of depression, accompanied by functional proteomic data and data on hippocampal synaptic plasticity. 

3. Data on transcripts and proteins differentially regulated in mouse models of  antidepressant response.

4. Data on transcripts and proteins differentially regulated in cells treated with antidepressants.

5. Data on transcripts and proteins  consistently differentially regulated across all methodologies.

6. Data on ELSI issues relevant to pharmacogenomics studies, including patient and public attitudes and a cost-benefit analysis.  

Intentions for use and impact:

The expected final outcome of GENDEP is to generate information regarding appropriate markers for bioassays applicable to medical services for the prediction of response to antidepressants (including adverse effect profile), which, if subjected to a further prospective evaluation, could result in validated clinical pharmacogenomics assays. These would enable clinicians to make pharmacogenomically informed choices regarding which type of antidepressant might be most efficacious and be associated with minimal adverse effects. 

The project also expects to provide data on the functional characterisation of the molecular mechanisms involved in the effects of antidepressant treatment, leading not only to therapeutic assays applicable to the psychiatric service, but also potentially to diagnostic assays, and the prediction of novel therapeutic targets. The achievement of these objectives would represent highly significant advances in preclinical and clinical psychopharmacology, and psychiatric therapeutics, potentially revolutionising the management of depression.

The development of effective, targeted treatments for what is currently a major societal problem could have significant economic and health impacts across Europe.  Successful pharmacogenomic research on a common complex disorder such as depression, leading to better differential diagnosis and choice of treatment is also likely to set the path for similar research on other common complex disorders. 

The project enables European SMEs to work in a collaborative and integrated fashion with leading academic centres and a large industrial partner. The multicentre pan-European collaborative nature of this research project includes unique mobilisation of resources and expertise across Europe, in an integrated project that has the power to generate data of high scientific import and to enable sustained pan-European research in this field to be conducted in a manner that will be truly competitive in the international arena. 

Plan for using and disseminating knowledge

The exploitable knowledge created includes know-how about how to conduct a large-scale multicentre human pharmacogenomics study, knowledge of biomarkers associated with clinical response to antidepressants in various model systems and the human pharmacogenomics study, and druggable targets for pharmaceutical drug discovery.  Patents will be sought at the appropriate time, with commercialisation to be undertaken either by relevant CRs in the Consortium or other industrial partners.

Several presentations have already been made at conferences and published in abstract form.  An editorial has also been written in the British Journal of Psychiatry (2005; 286: 91-92).  CR1 and CR9 have had contact with the media in their countries, including GENDEP being featured on Channel 4 News (24th July 2004), and an article in Nature News and Views (2004; 428: 791).  Work is in progress to create a public website. Reports to various key stakeholders will be delivered, and data submitted to other websites (e.g. genetic or pharmacogenetic websites) as appropriate.  A conference at the close of the project is planned. 
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