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Synopsis of project (background/research question/methods to be used/relevant key references):
Autologous great saphenous vein is the most commonly used conduit in coronary artery bypass surgery and is also regarded as an appropriate treatment for chronic and critical ischemic limb 
 ADDIN EN.CITE 

[1-4]
. Leg veins also become dilated, tortuous and incompetent; a condition known as varicose veins (VV). Varicose veins may cause debilitating leg complications in many patients including pain, oedema, skin pigmentation, bleeding and ulceration and their treatment consumes approximately 2% of the NHS budget annually 6[]
. The risk of vein graft failure has been estimated to be around 50% over 10 years in coronary arterial disease and approximately 30% over 1 year for peripheral arterial disease 
 ADDIN EN.CITE 

[7-9]
. Some of the molecular changes in both incompetent VV and veins used as a conduit are similar 7[]
 12[]
 13[]
, with stretch being considered to play a significant role in both conditions 29[]
 
 ADDIN EN.CITE 

[30, 31]
. However, the precise trigger point in a cellular pathway responsible for such morphological changes is still unclear and therefore no appropriate therapeutic option is available for reversing the changes seen in vein graft failure or varicose veins. We strongly feel that the focus of future study should be to evaluate the early changes in the vein arterialisation process and varicose veins formation and the development of a therapeutic target to stop the cascade progressing. 
Metabonomics approaches including Nuclear Magnetic Resonance (NMR) Spectroscopy and Mass Spectrometry (MS) enable the detection of endogenous metabolites in biological compartments such as blood, urine and tissue, many of which may be affected by disease or external factors such as drugs or diet 
 ADDIN EN.CITE 

[43, 44]
. These metabolites have a range of clinical implications including in studying the pathogenesis of diseases, identifying biomarkers and understanding drug metabolism. We suggest that by delineating distinct metabolic profiles of veins exposed to stretch, we will identify disturbed cellular pathways and unravel any putative therapeutic targets.
Hypothesis

We hypothesize that metabolic profiles of veins under stretch are different from non-stretched veins. Identification of a distinct metabolic profile of stretched veins will identify disturbed cellular pathways and putative therapeutic target. 

Objectives

1.   To detect any changes in the metabolic profiles of vein tissue following in vitro exposure to intraluminal stretch. Comparison of metabolic profiles of stretched veins with non-stretched vein.
4.
To identify cellular pathways based on the metabolic activity in the vein wall subjected to incompetence, hypoxia and stretch.

Experimental Design and Study Protocol 
Ethical approval has been obtained. Veins (n=20) will be retrieved from patients undergoing varicose vein surgery and surgery involving routine removal of veins such as bypass grafting, carotid endarterectomy, hernia operations etc. 
One segment is used for metabolic profiling analysis and other segment is stored at -80C° for validation later. 
Vein Organ Culture for stretch
To detect changes in the metabolic profiles of vein tissue following exposure to stretch, vein organ culture will be undertaken on freshly isolated veins. 
The original vein organ culture model developed by Soyombo 7[]
 will be used with some modifications. We have validated the development of vein organ culture in our laboratory previously.

To study the effects of stretch by high venous pressure, we have designed an in vitro vein organ culture model. In this model, veins will be cut into segments measuring about 3-4 cm in length and vein wall diameter will be measured using vernier calliper prior to stretching. Each vein segment will be immersed in culture medium (Dulbecco’s Modified Eagle Medium, DMEM + 10% foetal bovine serum) in a metal container containing 2 cannulae. One end of the vein will be cannulated and connected to a flow pump and which will be used to create venous hypertension. The other end of the vein will be attached to a pressure transducer to measure the intraluminal distending vein pressure. The system will be incubated in 37ºC and normoxia (95% air and 5% carbon dioxide; Napco 6500 incubator). The maximum diameter of the vein wall will be measured using vernier calliper after distending to the intended pressures. The intraluminal pressures that will be initially investigated will be between 50-90 mmHg and time for stretching will range from 2 to 24 hours.
At the end of the experiment, each stretched vein will be divided into two segments. One segment will be used for metabolic profiling using metabolite extraction and profiling techniques, and the other will be snap frozen and stored at -80°C freezer to be used for analysis of cellular pathways.
Extraction of metabolites from tissue and metabolic profiling techniques

Stretched and non-stretched veins will be analysed using metabonomic techniques. Firstly aqueous and organic tissue extracts will be obtained from samples. Tissue preparation for both NMR and MS metabolic analysis will involve a two-layer extraction based on the established Bligh-Dyer approach, resulting in two extracts (aqueous and organic), which offers the opportunity to study both polar metabolites and lipids separately. This has already been used successfully in our department for the metabolic profiling of tissue 1[]
 and its robustness has been proved for UPLC-MS studies 2[]
.
Extracts will then be analysed using NMR spectroscopy 
 ADDIN EN.CITE 

[3, 4]
 and UPLC-MS 
 ADDIN EN.CITE 

[5, 6]
 to create a library of molecular signatures from the vein samples. A global overview of tissue composition will be obtained via NMR using a Gilson 215 Preparation robot and a Bruker SampleTrackTM system. UPLC-MS analysis will be performed on a Waters ACQUITY UPLCTM system (Waters, Milford, MA), coupled with a Waters TOF LCT-PremierTM mass spectrometer (Waters MS Technologies, Manchester, UK). MarkerLynxTM Application Manager (version 4.1) (Waters, Mass., USA). Quality control strategies will be employed to ensure robustness of the analyses. XCMS software will be used for peak detection, integration, and alignment and reporting. Processed data will be imported into data analysis software (e.g. MATLAB, SIMCA-P need locations of companies) for mathematical modelling and statistical analysis.

Validation of Biological Pathways

Stored segments of veins subjected to all the described experimental conditions will be used for validation of bio-molecular pathways linked to differentially abundant metabolites using standard various laboratory techniques such as Quantitative polymerase chain reaction (Q-PCR), Western blot analysis.

Expected Value of the Results

By developing an experimental model of conduit saphenous vein exposed to arterial pressure, we hope to further understanding of the metabolic changes at the early stages of vein arterialisation process, at a point where changes are potentially reversible. Recording the differential metabolic ‘signature’ of stretched vein will enable us to trace the specific cellular pathways responsible for initiating and potentiating the pathological vein wall remodelling seen with arterialisation. Based on recognition of key pathways, development of putative therapeutic agents will be facilitated which may be employed in preconditioning vein prior to or during bypass graft surgery. It is hoped that this work will contribute to improving long term vein graft patency with the ultimate aim of reducing the death and limb loss related to vein bypass graft failure.
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