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Cardiovascular Biomedical Research Unit

The Centre for Biomedical Research will accommodate the staff employed by the NIHR Cardiovascular Biomedical Unit (CVBRU) and the equipment associated with that programme of work. This proposal, to support the new building, will therefore directly add value to three integrated groups; the NIHR CV BRU staff, the academic staff of the Department of CV Science at the University of Sheffield and the NHS staff of the Cardiothoracic Directorate, STHFT.

The CV BRU has employed new researchers and key support staff who will be accommodated in the new building. These include a manager (Dr Sarah Langridge), 2 newly appointed 50:50 research:clinical NHS consultants (Dr Allison Morton and one to be appointed in pulmonary vascular medicine), 3 research nurses (Jane Arnold, John Humphreys and Sara Walker), a research technician ( to be advertised), a database designer (Steve Hibbert), and a bioinformatician (Dr Marta Milo). These individuals will work with other clinically research active staff (nurses,research technicians etc.) to deliver existing programmes of research as well as the ambitions of the NIHR CV BRU directed by the lead investigators. 
In addition to staff, the Centre for Biomedical Research will house dedicated equipment for CV research for the phenotypic characterisation of the patients. This includes a new,dedicated Echo machine with integrated vascular imaging that will allow the assessment of forearm endothelial cell function and carotid neointima, a seven colour FACS, treadmills, digital ECG, and nail-fold capillaroscopy. There isspace for a large biorepository that can conform to HTA requirements for the storage of blood and urine samples from patients recruited to the programmes of work. In addition, first stage processing of blood (including plasma/serum preparation, platelet extraction, PBMC isolation, DNA and RNA extraction) can be undertaken in the dedicated CV laboratory.

The University of Sheffield’s Department of CV Science undertakes research broadly in two areas; applied inflammatory cell biology and haemostatsis. To date, the clinical translational development of research from this group has been limited by access to clinical samples or by lack of facilities for safe storage of valuable material. With the support of this project, discovery science programmes in arteriogenesis, pulmonary vascular biology and inflammatory signalling can now be realistically translated to human disease through access to samples as well as allowing experimental medicine programmes evaluating targeted interventions in man.
The NHS clinical staff of the Cardiothoracic Directorate will be able to use the facilities of the Centre for Biomedical Research for clinical research projects. A significant bar to existing staff has been the absence of a physical infrastructure to support clinical research. New consultant appointments within the Directorate now include research PAs. In the last year a consultant electrophysiologist (Sheridan) has been appointed with 2 research Pas and a heart failure consultant with 4 research PAs has recently gone to advertisement. It is proposed that within the Directorate subsequent appointments will also include research time. In this way a strategic plan to build clinical cardiovascular research supported by this infrastructure will be delivered from within the NHS staff.

The training and development of clinical and scientist researchers is an important part of the Department of Cardiovascular Science and the NIHR CV BRU. A number of the applicants have been trained and developed within Sheffield. Lawrie who now holds an MRC Career Development Award was a PhD student in the Department. He then trained with Marleen Rabinovitch in Stanford before returning to our Department where he obtained hiscurrent funding. He will use the resources of the NIHR CVBRU and the Centre for Biomedical Research to drive forward his research in pulmonary vascular biology, applying this to patients with pulmonary arterial hypertension. This facility will also be used by Dr Hamid who is a BHF clinical PhD Fellow supervised by Dr Lawrie. 
Dr Tim Chic is a GSK clinician scientist and honorary Consultant cardiologist. He was a research fellow in the Department before going to the USA and returning as a clinical lecturer before obtaining his fellowship. He will use the resource of the NIHR CV BRU and the new Centre for Biomedical Research to translate his discovery science from zebrafish, conducted in the MRC centre, to humans with coronary disease. 
Dr Allison Morton was previously clinical lecturer in the Department. She is now employed by the NIHR CV BRU working 50:50 clinical:research. She is interested in developing inflammatory mechanisms in dysglycaemia at the time of ACS. 
Dr Paul Sheridan was also clinical lecturer in the Department. In the last year he has been appointed as an NHS clinical electrophysiologist with 2 PAs of research time paid by STHFT. He is working with Simon Heller to investigate the pro-arrhythmic effects of hypoglycaemia.

The Department has two NCCRCD funded clinical lecturers who take up posts in 2009. These will work an “on the wards/off the wards” rotation so that 50% of their time is spent undertaking research. Both lecturers will be attached to the CV BRU for their research and be supported by the staff and resources of the unit and the Centre. 
The NIHR CV BRU will be appointing three 1-year clinical fellowships in the next year. These will be analogous to previous entry level fellowships and are aimed at developing programmes for the appointed fellows so that they are able to make competitive application for research training fellowships.
Background

Sheffield has two large hospitals (the Northern General Hospital, NGH and the Royal Hallamshire Hospital, RHH) which are separated by approximately 3 miles and are managed by a single Trust (Sheffield Teaching Hospitals NHS Foundation Trust, STHFT). The RHH is adjacent to the School of Medicine and in 2006, using £1M of University funding towards capital development, a clinical research facility (CRF) was opened on the RHH site to support clinical translational biomedical research. In 2008 two NIHR Biomedical Research Units, (BRUs) were awarded in Sheffield, one for Cardiovascular Research (Director, Crossman) and one for Musculoskeletal Research (Director, Eastell). Both of these BRUs undertake research where the patient base for the disease-specific research programmes is on the NGH site. 
The NGH accommodates the South Yorkshire Cardiothoracic Centre which provides cardiology for the local population (~600,000) and regional facilities for a population of ~1.8M in an area with an above average SMR for coronary disease.

Following the two NIHR awards a major investment in clinical translational biomedical research on the NGH site has been undertaken. The plans for a CRF at the NGH prior to the NIHR BRU awards have now been expanded to include the physical infrastructure for the two BRUs and the provision of the necessary biorepository storage space along with a generic CRF. This joint entity will be called theCentre for Biomedical Research.

The Centre for Biomedical Research at the NGH is to be accommodated in a building that was originally proposed to be re-developed as an outpatients, situated in the heart of the new clinical buildings at the NGH. The total cost of the re-development of this building for the joint purposes required is £6.276M. NIHR capital funds from the two BRU bids amounts to £2.523M (CV £1.182M, Musculoskeletal £1.341M). The STHFT have matched this with £2M (not allowing for the additional cost pressure of re-providing the planned outpatients facility) and the local WRVS have donated £375,000 to the scheme. There remains a shortfall of £1.378M of which the CV attributable portion (based on percentage floor area) is £455,000. This application is for this amount from the BHF, specifically to support the cardiovascular part of the whole development.

The Centre for Biomedical Research will develop facilities over two floors of the building. On the ground floor there will be specific space allocated to the staff of the two BRUs, a large Biorepository for the storage of blood/plasma and urine samples as well as a meeting room. The first floor will be a Clinical Research Facility that will be used by the BRUs (in addition to their space on the ground floor) as well as by other clinical investigators at the NGH (likely users will be Vascular Radiology and renal medicine).

Applicants on this proposal and user of the facilities – increasing the impact and depth of CV Research in Sheffield.

The applicants on this proposal have been identified as the major potential users of this facility

(Crossman, Storey, Heller, Channer Whyte, Sabroe, Chico, Gunn, Newman, Lawrie and Morton). The names are an expanded group of from the list of investigators on the NIHR CV BRU (Crossman, Storey, Heller, Channer, Whyte, Sabroe and Ingham) and now represent the investigators who will make immediate use of the facility when it is opened. However, it is a major aim of the CV BRU to draw in investigators from other areas of clinical research that is relevant to vascular and cardiac disease (e.g. cardiac surgery and anaesthesia, diabetes, and infectious diseases) and we anticipate that there will be many further investigators in time. In addition we wish to draw in expertise from surrounding institutions. We have strong existing collaborations with clinical and CMR investigators in Leeds (Hall and Greenwood) and are building links with Grant and Kearney in our plans outlined below for investigating the interaction of inflammatory systems and diabetes/dysglycaemia.
Programmes of CV Research at the Centre for Biomedical Research.

The NIHR CV BRU programme.
In the application to the NIHR, a major programme of phenotypic characterisation, database designand application and peripheral blood and urine sampling of patients presenting to STHFT with ACS was outlined. The ambition was, by making inclusion into this process the norm of management, to collect a major cohort of patients which could then be used either for the investigation of new targets identified in basic science discovery programmes or for discovery science and hypothesis generation in this condition. In addition, plans were outlined for the analogous capture of patients referred to Sheffield with pulmonary arterial hypertension. 
These plans and the projects behind them, as well as the other investigator led projects are outlined below.

The Pathogenesis and novel anti-inflammatory therapy of Acute Coronary Syndromes (Crossman,Morton, Gunn, Whyte, Sabroe):

Much is known about susceptibility (risk) factors for ACS but much less about the causal, precipitating events that trigger presentation. Epidemiological data indicates that presentation is not random but has patterns of increased frequency. Notable amongst these are infections, especially respiratory.

The unification of a biology-based approach to epidemiology of risk factors for ACS remains a major challenge for cardiovascular disease and is an area where new targets are likely to emerge. Our NIHR CV BRU has proposed a major systems biology based approach to ACS. We have invested in staff for bioinformatics and database design as well as the equipment for the storage of samples and the analysis of the expressed genome of peripheral blood mononuclear cells. We are now analysing RNA and microRNAs from patients presenting with, recovering from and re-presenting with ACS.
We are undertaking intense phenotypic characterisation which in addition to routine clinical markers will include glucose tolerance testing, intensive coagulation assessment and endothelial function assessed by forearm reactive hyperaemia.

There is a major interest in the possible use of IL-1 receptor antagonist (IL-1ra) for the treatment of coronary disease. Our preclinical work has established that IL-1 is a potent vascular cytokine with effects distinct from other apical cytokines (e.g. TNF). We have shown in experimental animals that IL-1 drives neointima formation, reduces endothelial nitric oxide production, and attenuates the rise in blood pressure and acute phase reactants in response to fat feeding. In humans cells we have shown that IL-1 mediates an LPS induced super-induction of IL-6 and IL-8 when monocytes are co-cultured with endothelial cells. We have an on-going clinical trial, funded by the MRC of IL-ra in NSTEMI ACS.

In the Centre for Biomedical Research we will extend studies of IL-1ra in coronary disease. We propose to investigate the effect of IL-1ra on the transcriptional profiles of patient with NSTEMI ACS (samples already collected from the above trial). We wish to investigate the potential metabolic effects of IL-1ra in the setting of the dysglycaemia seen at the time of ACS. We will use CABG as a model of acute inflammation in patients with CAD and treat these with IL-1ra assessing cardiac biomarkers and function as well as acute phase responses.

Patients with pneumonia have an approximately 5 fold increase in ACS in days following the onset of their infection – an excess risk that returns to normal by 28 days. We will study (ex vivo) the function of peripheral blood mononuclear cells from patients with pneumonia, their effects on co-culture with either platelets or endothelial cells and the possibility of IL-1 inhibition in abrogating these proinflammatory actions. Neutrophils have been viewed as unimportant in atherogenesis but there is now evidence that neutrophils may be recruited to activated plaques at the time of ACS. We will therefore, also examine the state of activation of neutrophils from these patients and their functional capacity and mechanism of adhesion to endothelial cells.
Mechanisms of Coronary Collateral Arterial development (Chico, Gunn, Crossman):

In the MRC Centre for Developmental and Biomedical Genetics Chico has developed a zebrafish based model of collateral vessel development. Collateral arteries are the enlargement of pre-existing arterial communications under altered haemodynamic conditions following an arterial occlusion. 
The mechanisms remain obscure but it is known that there is a critical dependence upon recruitment of monocytes and on nitric oxide generation. This has been confirmed in the zebrafish. A transcriptional profiling based approach in the zebrafish has identified a number of candidate myeloid-specific genes that either attenuate or induce collateral vessel formation. The latter, offering the potential to superinduce “Nature’s own bypasses” are of particular importance to this programme.

Collateral flow can be determined invasively at the time of PCI by measurement of the Collateral Flow Index (CFI, which increases with good collateral flow). This involves little more than the use of a modified angioplasty wire and adds minimal time and risk to a PCI. Such techniques have already established that there are good collateral formers and poor collateral formers and there are suggestions that this is under genetic control. 
We will undertake studies parallel to those in zebrafish by analysing peripheral blood mononuclear cell transcriptional profiles by microarray and transcript sequencing in humans. Patients will be recruited following an ACS, within the cohort of patients enrolled in the BRU database. Patients undergoing a subsequent PCI will, at the end of their procedure, have CFI to the infarct related artery measured. CFI will be correlated with RNA expression profiles from peripheral blood in addition to previously identified determinants of collateral development such as age, diabetes, drug treatment, and serum cholesterol. We will also correlate CFI with endothelial cell function assessed by flow mediated dilatation, and with microvascular patterning assessed by nailfold capillaroscopy.

Platelet pharmacology in ACS and coronary disease. (Storey):

Antiplatelet therapy underpins the management and prevention of arterial thromboembolism in the coronary, cerebral and peripheral circulation, and advances in antiplatelet therapy have led to important improvements in areas such as coronary disease, percutaneous coronary intervention and stroke. The role of aspirin is well established in these areas and we have an ongoing collaboration with Grant in Leeds to study the effects of aspirin on platelet function and dynamics of fibrin formation in diabetic patients. 
However, aspirin has limited effects on many aspects of platelet function,necessitating the development of drugs that act on distinct platelet activation pathways. The platelet P2Y12 receptor is the target of the active metabolite of clopidogrel, which is now used in a range of indications including ACS and PCI. However, the variability in antiplatelet effects of clopidogrel between individuals is recognised to make a large contribution to risk of recurrent arterial thrombosis or stent thrombosis, with genetic factors contributing to this variability. 
Consequently, we have been conducting a programme of translational research both investigating the role of the P2Y12 receptor in platelet biology and vascular pathophysiology, and studying the properties of novel P2Y12 receptor antagonist strategies that circumvent the limitations of clopidogrel therapy. 
The application of these new strategies in a way that optimises the benefits to patients in terms of reducing the risk of ischaemic events whilst avoiding excessive haemorrhage now presents an exciting challenge that the NIHR CV BRU is well placed to meet in view of its extensive experience in clinical trials of antiplatelet  therapy. 
We will explore the optimal target level of P2Y12 receptor inhibition in ACS and PCI patients, comparing diabetic and non-diabetic patients as well as other patient subgroups, with a view to developing an individualised strategy for risk management in these patients. We will also continue to assess the potential benefits of P2Y12 receptor antagonists that bind reversibly to the receptor, compared to the active metabolites of thienopyridines such as clopidogrel which bind irreversibly.

In view of the excess bleeding risk associated with P2Y12 receptor antagonists, we will investigate alternative pharmacological strategies including PAR1 antagonism to determine whether other targets on the platelet can offer better risk management.

Pathogenesis and treatment of Pulmonary Arterial Hypertension (Crossman, Lawrie, Morton):

Pulmonary arterial hypertension (PAH) is a condition of high mortality. The pathogenesis of PAH is complex and poorly understood. Idiopathic forms may have a genetic component. PAH can occur secondary to chronic thromboembolism or secondary to immune connective tissue diseases. 
Lawrie has a basic science programme that is investigating the possible role of the osteoprotegerin/TRAIL system in PAH. Sheffield is one of the UK main referral centres for PAH and therefore we have a major opportunity to recruit affected patients.

We will undertake a collection of plasma, urine and selective transcriptional profiling in patients with idiopathic and secondary PAH. A major interpretational difficulty in this area of research has been to dissect the effects of right heart failure on such markers. We will be able to collect matching samples (for PA pressure) from patients with right heart failure secondary to mitral valve disease.

Through these studies we aim to firstly translate studies from experimental animals (e.g. Lawrie’s osteoprotegerin/TRAIL observations) and secondly to develop new markers that predict response to targeted secondary therapies (e.g. endothelin antagonists).

Cardiac effects of hypoglycaemia (Heller):

Our work has concentrated on exploring the possible adverse cardiovascular consequences of hypoglycaemia in individuals with diabetes. We were the first group to demonstrate that antecedent hypoglycaemia led to diminished physiological responses to subsequent hypoglycaemic episodes, helping to explain why hypoglycaemia unawareness develops in those with tightly controlled diabetes.

We are also the first to demonstrate that hypoglycaemia induces abnormal cardiac repolarisation and have linked the observation both to the “Dead in Bed syndrome”, a poorly understood but devastating fatal complication of Type 1 diabetes related to hypoglycaemia and to the increased incidence of sudden death in patients with Type 2 diabetes which caused the recent premature termination of the ACCORD trial.

In experimental studies deranged glucose concentrations exert a profound inhibitory action on HERG channel conduction to delay repolarisation but it is unclear how this phenomenon may combine with other pro-arrhythmic factors to affect the probability of an arrhythmic event. We hypothesise that variations in glucose concentration amplify regional heterogeneity due to autonomic denervation/hyper-innervation to promote arrhythmogenesis. 
In collaboration with Dr Paul Sheridan (NHS Consultant electrophysiologist and Trust funded for 2PAs of research time)we will measure monophasic action potential durations during invasive electrophysiological studies at different glucose concentrations, heart rates and pharmacologically simulated autonomic states. These observations will be used to construct a detailed computational model to predict threshold criteria for arrhythmogenesis. A risk stratification tool will be developed from the derived surface ECG indices which correspond to these heterogeneity threshold criteria.
In other projects we will develop our understanding of sudden death due to hypoglycaemia by

1) ascertaining all UK cases of sudden hypoglycaemic death <45y in the last 5y and calculate the current incidence of the ‘dead in bed syndrome’ in the era of intensive insulin therapy and tight glycaemic control,

2) explore genetic susceptibility by storing samples in the Centre’s biorepository for genetic analysis from all first degree relatives, undertake provocative adrenergic testing in first degree relatives of DIB victims and screen for mutations in cardiac ion channel genes in autopsy material and relatives with aberrant QT responses

3) measure the psychological impact of the syndrome using a qualitative approach in affected

families. A multidisciplinary team (including relatives and people with Type 1 diabetes) with use this work to prepare educational material to inform bereaved families, diabetes professionals and individuals with diabetes (who wish to understand the risks of hypoglycaemia before undertaking intensive insulin therapy).

In collaborative multicentre studies, funded by Diabetes UK Heller will also be undertaking an additional 2 studies that will on a single centre basis be characterised for ECG and repolarisation effects. These will be:

1) An RCT in patients with hypoglycaemia unawareness randomised to avoidance of biochemical hypoglycaemia or standard treatment with assessment of physiological responses during hypoglycaemic clamp studies.

2) A three-centre crossover RCT comparing overnight glucose control in adults with Type 1 diabetes treated either with best current management approaches or a specially designed closed loop devise utilising continuous glucose monitoring and a computer controlled sc insulin infusion pump. CSII will resume. The primary endpoint is the time spent < 3.5mmol/l between evening meal and breakfast. This project will facilitate understanding of overnight closed-loop glucose control in adults with type 1 diabetes and will pave the way for its widespread use.
Testosterone and Cardiac Failure in men (Channer):
More than 50% of men with CHF have low testosterone levels. Given the positive effects of testosterone therapy on exercise capacity in CHF and established CAD, and considering its positive effects on circulating inflammatory mediators in CAD and testosterone deficiency, we hypothesize that adjunctive testosterone therapy will augment the positive effects of exercise rehabilitation on these clinical outcomes in hypogonadal males with stable CHF. 
The main aims of the proposed work is to assess the efficacy of testosterone replacement therapy as an adjunct to exercise rehabilitation on exercise capacity, cardiac and skeletal muscle function and circulating inflammatory markers in this patient group.

This study will assess the efficacy of testosterone replacement therapy as an adjunct to a 12 week programme of exercise rehabilitation on exercise capacity, cardiac and skeletal muscle function and circulating inflammatory markers in hypogonadal males with chronic heart failure (CHF). Exercise rehabilitation can safely increase exercise capacity in stable CHF patients but there is a need for studies which are aimed at evaluating the long-term effects of physical training on functional status, morbidity and mortality. 
This 12 month pilot study would be used to power a subsequent large scale randomised controlled trial. Patients (N=36) will be randomly allocated to one of two groups: testosterone or placebo therapy during exercise rehabilitation. A combined programme of moderate intensity aerobic exercise and resistance training would be used. The primary outcome measure would be exercise capacity, assessed using an incremental shuttle walk test. 
Secondary outcome measures would include measures of peak oxygen uptake, cardiac function, lower-limb skeletal muscle contractile function and oxygenation during exercise, circulating inflammatory markers, psychological health status and quality of life.

Percutaneous Coronary Revascularisation – improving safety and assessing efficacy (Gunn, Storey, Morton, Crossman):

Coronary stenting is a widely established technique for the treatment of angina, myocardial infarction and unstable coronary syndrome. There are many remaining challenges; these include the development for safer stents (lower thrombogenicity, thus avoiding prolonged anti-platelet therapy, without impacting on restenosis) and the appropriateness of wider application of the technique to high risk individuals. Gunn will lead a programme in PCI and stent research that will impinge on both of these areas.

1) Phase I Clinical Trial of hTEC (human embryonic trophoblastic endothelial cell)-coated stent in the treatment of stable coronary artery disease. Stem cell technology offers the prospect of accelerated healing after stent implanation offering lower thrombogenicity and lower rates of restenosis. We have developed, through collaboration with the Centre for Stem Cell Biology, Axordia and Lombard Ltd, a stent coated with human embryonic trophoblastic endothelial cells (hTEC) which have vascular endothelial properties combined withimmune privilege.  They have been tested in vitro and in vivo in the pig coronary artery. We will move to Phase 1 trial (‘First-in-man’) study with positive results from the porcine coronary model, considered by licensing authorities to be the best pre-in man model.

Patients with stable angina requiring PCI to a single culprit lesion will be recruited. Implantation of the hTEC stent will be using standard modern technques. Angiography and IVUS will performed pre and post procedure. Aspirin will be taken indefinitely and clopidogrel for 28 days. The primary endpoint will be patient safety (including stent thrombosis); and the second will be MACE at 1 year.

Angiographic and IVUS examination will be repeated at 1 year, and the secondary endpoint will be restenosis at IVUS (neointima volume) and angiography (late loss). This study will provide pilot datafor a Phase II clinical trial with this device.

2) A pilot, randomised trial of invasive vs. conservative strategy for very elderly patients with NSTEACS. The most important risk factor for adverse outcome in ACS is increased age. With the ageing of the population, the number of patients presenting to hospital with ACS in the >75 age group is increasing steadily. The benefit of (delayed) invasive vs. conservative management of these syndromes is now established, but most clinical trials exclude the very elderly who have a heavy burden of coronary disease. 
We propose performing a RCT of intensive medical therapy vs an immediate invasive strategy plus intensive medical therapy in South Yorkshire patients aged >75 years, with no upper age limit. All patients >75y with NSTEMI-ACS will be eligible for recruitment and will form part of the NIHR CV BRU Registry of such patients. All would receive optimised guideline based medical therapy. Those consenting, and without standard exclusion criteria, will be randomised into invasive vs. conservative strategies. ‘Invasive’ will undergo cardiac catheterisation at the and possible revascularisation with PCI within 72 hours or CABG on that admission. ‘Conservative’ would remain in hospital until stabilised. All patients would be followed up by the CV BRU Registry. 
The primary outcome will be the composite of death, MI, next revascularisation, stroke, bleeding, vascular events and rehospitalisation at 1 year. The secondary outcomes would be Quality of Life, using standard questionnaires (EuroQOL) and a QALY-based cost-effectiveness analysis (ScHARR). As the event rate in the very elderly is high (in both groups), the power of the study would be high, and the study is likely to achieve statistical difference with a randomised recruitment of <240 patients within 2 years.

Use of the Centre for Biomedical Research in these studies:
The studies identified above represent a mixture of on-going studies, studies that will be directly funded by the NIHR CV BRU and studies from other sources. All will investigate patients from the NGH. The resource of the Centre for Biomedical Research will be used in all of these studies. The laboratory space and biorepostory will be essential for sample preparation. The equipment will be used for phenotypic characterisation and the CRF will be used for all follow-up visits and assessments at that time. Without this facility these studies will not be possible.

The Cardiovascular-specific space within the Centre for Biomedical Research will be managed by the CV BRU executive. Aspects of joint BRU (CV and Musculoskeletal) working are dealt with through the BRU Board (see attached management diagram). The CRF on the NGH site will be managed by the joint CRF management board and is led by Dr Chris Newman, Reader in Cardiology and applicant on this bid.
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