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Local microenvironment control of epithelial ion transport and innate defence: role in the pathogenesis of chronic airways disease

This is a collaborative project between the Newcastle Epithelial Research Group and the CF/Pulmonary Research & Treatment Centre, University of North Carolina at Chapel Hill, a leading lung Institute in the USA. The student will gain experience in a wide range of complimentary and cutting edge molecular, biochemical and cell physiological techniques that are highly relevant to studies of airway function and disease. This is an exciting opportunity for a dynamic student to study at two leading lung/epithelial biology Institutes dedicated to understanding the mechanisms underlying airway disease.  
Sponsors:  Newcastle University (UK) and University of North Carolina (USA)
Background:
Chronic lung diseases such as chronic obstructive pulmonary disease (COPD), asthma and cystic fibrosis are leading health problems in Western Society. Most treatments to date focus on improving the symptoms and not the fundamental cause of the disease. In the lungs, the volume and composition of the airway surface liquid (ASL) is critical to lung function and is regulated by ion transport of lung epithelial cells. Failure in ion transport, as seen in cystic fibrosis (CF), impairs mucus hydration, reduces mucociliary clearance and predisposes the lungs to bacterial infection and disease. The composition of the ASL, in particular the pH, has profound effects on the airways. An acidic ASL reduces ciliary beat frequency, impedes bacterial killing and increases mucus viscosity and adhesion. Key innate defence proteins, such as SPLUNC1, are also pH dependent. These studies point to a vital role of ASL pH in key airway functions and that failure in pH homeostasis may underlie disease by reducing natural protective mechanisms.  However, our understanding of the ion transporters that regulate ASL pH is limited. In CF, ASL is acidic which supports a role for the cystic fibrosis transmembrane conductance regulator (CFTR), the ion channel that is defective in CF, in pH homeostasis. CFTR can transport bicarbonate and therefore could control ASL pH directly. However, we have shown that CFTR controls bicarbonate secretion in airway gland serous cells via a novel anion exchanger implicating this transporter as a vital controller of ASL pH.  Understanding the mechanistic principles underlying ASL acid-base homeostasis, and the consequences of altered pH balance on fundamental defence processes in the lung, will contribute to the development of therapeutic strategies for the treatment of airway disease. Ultimately this will be important in improving the quality of life and reducing the need for medical intervention, particularly in the ageing population, where chronic lung disease is a problem.
Hypothesis: Dysregulation in ASL pH contributes directly to airway disease. 

Objectives: 

1. Identify the major apical acid-base transporters in primary human airway cells derived from normal and diseased lungs and their role in pH homeostasis

2. Investigate which proteins physically and functionally interact with these transporters 

3. Investigate the effect of pH on expression and function of SPLUNC1 

4. Identify signalling pathways and/or small molecules that up-regulate base transport in normal and disease cells and assess the impact on function

Techniques Employed:
This project will expose the student to a wide range of cutting edge molecular and cell biochemical/physiological techniques including; real time measurement of intracellular pH using microfluorimetry; electrophysiological techniques (Ussing chamber) to measure anion secretion; localisation of transporters in tissues and cells using confocal microscopy and immunofluorescence; FRET-based assays to monitor protein-protein interactions at the molecular level; molecular biology (generation of FRET-based constructs, generation of mutant forms of CFTR), protein biochemistry (surface biotinylation, co-immunoprecipitation, Western blot); immunolocalization and cell culture (cultures of cell lines as well as primary human airway epithelial cells).   
Administration:
The Studentship will be administered by Newcastle University UK (Institute for Cell and Molecular Biosciences, Faculty of Medical Sciences - http://www.ncl.ac.uk/camb/). The Studentship will therefore lead to the award of a PhD degree from Newcastle University.  However, we expect that up to a third of the PhD will be spent at the University of North Carolina (USA). Here the student stipend will be according to NIH (USA) guidelines and is currently $21,000 pa.  Travel costs for one return visit per year to the UK (or equivalent EU country) will also be available. 

For further information or informal enquiries please contact the UK supervisor of this project, Dr M Gray or Dr Rob Tarran
UK Supervisor: Dr. M.A. Gray 

Phone: 0191 222-7592

E-mail: m.a.gray@ncl.ac.uk
US Supervisor: Dr. R. Tarran

Phone: 001-919-966-7052

E-mail: tarran@med.unc.edu
