NEPHROLOGY RESEARCH AT UNIVERSITY COLLEGE LONDON (UCL) AND ROYAL FREE HAMPSTEAD NHS TRUST
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UCL is one of the leading universities for biomedicine and is a member of the new academic health science centre, UCL Partners (UCLP) which includes UCL, University College Hospital Trust, Moorfields Eye Hospital, The Royal Free NHS Trust, and Great Ormond Street Hospital.  The mission of this partnership is research innovation, excellence in education, and clinical quality, all of which may have a local, national, and global impact. 
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The UCL Centre for Nephrology is an academic centre in the Research Department of the Division of Medicine and is located on the Royal Free Campus of the UCL Medical School, adjacent to the Royal Free Hospital. The Centre has a broad research portfolio encompassing both basic and applied clinical projects. The overarching aims of this work are to improve outcomes for patients with kidney disease by slowing the progression of kidney damage, optimising treatment of complications and developing better therapies for individuals who reach end-stage kidney failure. 
Staff within the Centre have specific expertise in Renal Physiology (Robert Unwin), Genetics (Robert Kleta), Renal Cell Biology (Jill Norman), Lipid Biology (Xiongzhong Ruan), Vascular Inflammation (Mark Little) and in Clinical Trials (David Wheeler). The merger of the Renal Services of the Middlesex and Royal Free Hospitals has provided a productive research environment closely linked with the clinical service and has facilitated integration of on-going research projects and the growth of collaborative links at a local, national and international level. The Centre has strong links with other departments and academic centres and is closely integrated with the Department of Nephrology and Transplantation at the Royal Free Hospital NHS Trust. NHS Consultant staff make important contributions to the research activities of the Centre and to academic meetings. Their interests include HIV nephropathy (John Connolly), renal osteodystrophy (John Cunningham), dialysis delivery (Andrew Davenport), Fabry’s Disease (Aine Burns) and islet cell transplantation (Gareth Jones). Specialist clinics have been established for patients with kidney stones (Robert Unwin), renal tubular disease (Robert Unwin), renal genetics (Robert Kleta), renovascular disease (Jenny Cross) and autosomal dominant polycystic kidney disease (Kate Hillman and Patrick Maxwell). A range of commercial and investigator-led UK Clinical Research Network (UK CRN) approved research projects are managed by a team of Clinical Trials Co-ordinators. The Centre also has an active research training program with BSc, MSc and PhD students.

The nephrology research laboratories are currently undergoing a major refurbishment to create new state-of-the-art facilities (due to be completed Summer 2010) which will co-locate nephrology with other centres within the Division to promote cross-discipline collaborations and interactions. 

The Centre’s research activities are focussed on two main themes: 
1. Renal tubular physiology, pathophysiology and genetics; 

2. Progression of Chronic Kidney Disease and its cardiovascular complications.
Theme 1:  Renal tubular physiology, pathophysiology and genetics 

Robert Unwin, Robert Kleta, Anselm Zdebik, David Shirley, Ted Debnam, Joanne Marks, Andrew Hall, Ben Walsh.
Improved understanding of tubular physiology has helped to advance our knowledge of a number of rare diseases that affect the kidney and has helped to establish the pathomechanisms involved in renal stone formation. Identification of mutations that lead to rare renal tubular transport disorders has provided novel insight into the actions of diuretics and improved our knowledge of more common forms of kidney disease.   
The study of renal tubular disorders and renal stone formation has been adopted by the London Epithelial Group led by Robert Unwin and Robert Kleta and encompasses genetics, and biochemistry elements as well as nephrology. The group’s epithelial interest covers both the renal tubule and gut. Current research projects cover hormonal regulation, genetic disorders, nephrocalcinosis and the P2 purinoceptor system. 
Robert Unwin is engaged in studies of renal tubular transport physiology and pathophysiology, including clinical tubulopathies (especially inherited forms associated with renal stone disease). His specific interest is the potential for an 'intracrine' regulatory system of renal tubular fluid and solute transport that is dependent on the bioactive components of tubular fluid, such as small peptides (including cytokines) and nucleotides (such as ATP). On-going studies are focused on the handling of filtered low molecular weight proteins and peptides in the Fanconi syndrome, and application of proteomic methods to determining tubular fluid composition. The group is also studying the nature of proteins expressed in the proximal tubular cell membrane, and is characterising the ATP-sensitive P2 receptor system along the renal tubule. Collaborative studies with David Shirley are investigating the influence of apical P2 receptors on sodium and water reabsorption is being investigated. 
Robert Kleta has an interest in genetic disorders, specifically those that cause kidney disease. in collaboration with Detlef Bockenhauer at Great Ormond Street Hospital, he recently discovered the EAST syndrome (the presence of Epilepsy, Ataxia, Sensorineural deafness and salt-wasting renal Tubulopathy) and identified the underlying mutation in the KCNJ10 gene, a gene encoding a potassium channel expressed in the brain, ear and kidney. 
Anselm Zdebik works in close collaboration with Robert Kleta. His research interests include structure and function of ClC-5 and chloride/proton antiporters of the CLC family, structure and function of KCNJ10, pathophysiology of novel human mutations and pathophysiology of TRPV4 (mutated in Brachyolmia and Charcot-Marie-Tooth disease type 2c). 
Andrew Hall is investigating the role of mitochondrial dysfunction in renal tubular disorders using advanced imaging approaches (multiphoton fluorescence microscopy) and urinary proteomic screening. He is interested in the effects on the kidney of both primary mitochondrial disease (due to underlying genetic mutations – ‘mitochondrial cytopathy’) and acquired mitochondrial dysfunction, (due to toxic xenobiotics such as anti-retroviral therapies used to treat HIV). He is currently collaborating with John Connolly (HIV) and conducting phenotypic screening mitochondrial patients and Robert Kleta (hereditary Fanconi syndrome).  

Ted Debnam and Joanne Marks are interested in the pathogenesis of diabetic nephropathy and the effects of chronic hyperglycaemia in proximal tubular cells. They are studying the expression of glucose transporters (SGLT1, SGLT2, GLUT2) in proximal tubular cells and the effect of conditions associated with hyperglycaemia (types 1 and 2 diabetes, high fat diet, junk-food diet) on these receptors. The involvement of the PKC signaling pathway and of sweet taste receptors on expression of SGLT1 and GLUT2 at the proximal tubule brush border membrane are of particular interest. 

Theme 2:  Progression of CKD and its vascular complications

Xiongzhong Ruan, Mark Little, Robert Unwin, Joanne Marks, Ted Debnam, Jill Norman, David Wheeler
Patients with CKD die prematurely, largely as a result of cardiovascular complications. Studies to date have suggested that “traditional” cardiovascular risk factors (cholesterol, blood pressure) do not predict cardiovascular events in these patients and that correcting them may be less effective than in non-CKD populations. “Non-traditional” risk factors such as inflammation and calcification may play a more important role. Since the kidney is comprised of highly specialised blood vessels, it is plausible that vascular injury and decline in kidney function may share common pathogenic mechanisms. 
Xiongzhong Ruan’s research is based on the 30 year old hypothesis that hyperlipidaemia contributes to progression of CKD proposed by John Moorhead (emeritus) and Zac Varghese (emeritus) working at the Royal Free Hospital. He is particularly interested in the potential role of inflammation on lipoprotein metabolism and consequences in terms of renal and vascular injury. His data suggest that inflammation may cause a redistribution of cholesterol from the intravascular compartment to the tissues including the kidneys. Inflammatory cytokines may also impair the pharmacological effects of statins by counteracting inhibition the HMGCoA reductase enzyme. The Lipid Group collaborates closely with researchers at Chongxing University in China.  
Mark Little has recently joined the Centre and is developing a research project focused on pathogenesis and treatment of glomerular inflammation, with particular emphasis on ANCA-associated vasculitis. His approach involves the use of 1) animal models to investigate the mechanisms of macrophage-mediated glomerular injury and to test novel therapies, and 2) human cellular and biofluid samples to investigate the changes in metabolite / transcriptional profile in systemic vasculitis. A central component of the latter strand is development of systems for human sample acquisition embedded within routine clinical practice.
Cardiovascular disease complicating CKD is characterised by heavy vascular calcification. This is known to be an active process, driven by a raised serum phosphate which converts vascular smooth muscle cells to an osteoblast-like phenotype. Understanding of phosphate metabolisms is therefore key to finding therapeutic targets that may inhibit this process.  Joanne Marks and Ted Debnam have focused their attention on changes in intestinal phosphate absorption in chronic renal failure to to address whether enterocytes could be targeted in the treatment of hyperphosphataemia. Of particular interest in this respect is the action of the bone-derived phosphatonins (MEPE, FGF23, sFRP4) on intestinal phosphate uptake and their involvement in renal-gut interaction in body phosphate homeostasis. 

David Wheeler is exploring the risk factors for arterial calcification in a cohort of 300 CKD patients participating in the London Arterial Calcification, Kidney And Bone Outcomes (LACKABO) study. These individuals have undergone electron beam tomography scanning of their carotid arteries and aortas along with an assessment of bone mineral density (UK-CRN ID 4950). This project includes exploration of the role of phosphatonins and genetic markers in calcification. In a related in vitro project involving Robert Unwin, Jill Norman and Xiongzhong Ruan, the mechanisms by which phosphatonins may inhibit calcification in vascular smooth muscle cell cultures subject to inflammatory stress is being explored.  
Asymmetric asymmetric dimethylarginine (ADMA) is a uraemic toxin thought to contribute to vascular injury in CKD patients. Since progression of CKD is driven by vascular injury, we have explored the effect of genetic polymorphisms in the enzymes that degrade ADMA, the dimethylarginine dimethylaminohydrolases (DDAHs) on CKD progression rates. This project was conducted by a PhD student Ben Caplin and has implicated high renal DDAH1 expression as a potential mediator of more rapid CKD progression and renal allograft failure. In collaboration with Jill Norman, we are currently exploring the mechanisms that may underpin this observation. 
Research in Jill Norman’s group aims to investigate the cellular and molecular mechanisms underlying the pathogenesis of progressive fibrosis in CKD. This group demonstrated an important role for hypoxia, as a consequence of microvascular injury, in progression of CKD (the Chronic Hypoxia Hypothesis) and current studies are centred on understanding how hypoxia drives the fibrotic response. Specific areas of investigation include the mechanisms of hypoxic regulation of expression of fibrogenic genes; the control of fibroblast to myofibroblast differentiation; and the role of fibroblast-endothelial cell and fibroblast-tubular epithelial cell interactions in the pathogenesis of fibrosis. A particular area of interest is the fibrosis associated with cyst expansion and progression in autosomal polycystic kidney disease (ADPKD) which links to clinical projects on this disease (David Wheeler, Kate Hillman). The group also collaborates closely with the UCL Centre for Rheumatology.
Clinical studies and trials
The Centre attempts to support clinical staff in their research projects, largely through the team of Clinical Trials Co-ordinators. Recent and on-going projects include assessment of the role of revascularization in atherosclerotic renovascular disease led by Jenny Cross who has recruited patients into both the Assessment of Stenting in Renal Artery Lesions (ASTRAL) and CORAL randomized controlled trials. Kate Hillman has enrolled patients with ADPKD into the Tolvaptan Efficacy and safety in Management of Polycystic kidney disease and its Outcomes (TEMPO) 2/3 study assessing the effect of Tolvaptan on cyst growth in these patients. David Wheeler is UK co-ordinator and local lead investigator for the Study of Heart and Renal Protection (SHARP) and has recruited patients into the Evaluation of Cinacalcet therapy to lower cardiovascular events (EVOLVE) study assessing the impact of Cinacalcet on cardiovascular events in haemodialysis patients. The Centre has participated in a number of dialysis studies led by Andrew Davenport include an evaluation of the wearable artificial kidney. Aine Burns has facilitated qualitative research studies assessing experience of patients and their families during maximum conservative management of their end-stage kidney failure and the behavioural responses of patients to a diagnosis of stage 4 CKD. John Cunningham is involved in studies of mineral metabolism in patients with CKD and specifically with the development of strategies for the management of post-transplant bone disease.  Gareth Jones’s interest is in pancreatic islet transplantation (the clinical transplant program at the Royal Free NHS Trust forms part of the UK Islet Transplant Consortium), in addition to the clinical service, laboratory-based studies explore ways of improving islet survival after transplantation to increase transplant efficacy.
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