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Group’s Research Interest:

The group’s primary interest is investigating the mechanisms of organ dysfunction in critical illness. We use animal models to mimic clinical scenarios within critical care disease states. This provides opportunities to investigate translational paradigms designed to further investigate potential novel therapies but also to improve the understanding of the complex pathobiology found in critical illness.
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Synopsis of project (background/research question/methods to be used/relevant key references):

Background:

Acute lung injury/acute respiratory distress syndrome (ALI/ARDS) continues to have significant mortality within intensive care settings. It is characterised by pulmonary inflammation and epithelial-endothelial barrier dysfunction leading to pulmonary oedema.  Tumour necrosis factor (TNF) is a cytokine that has been heavily implicated in mediating ALI/ARDS, partly because it can directly induce both barrier dysfunction and leukocyte recruitment. It signals through two cell surface receptors (p55 and p75) and we have shown that the p55 receptor is injurious (while the p75 receptor may be protective) in two models of experimental ALI/ARDS 1


( ADDIN EN.CITE , 2)
. In these very acute models, the importance of p55 signalling seems to be through direct effects on alveolar epithelial dysfunction 3()
, rather than any effects on inflammation.

These studies have resulted in the development of a novel treatment of selective pharmacological inhibition of TNF p55 receptor 4()
, which we hope will lead to a clinical trial in the near future. However in clinical ALI recruitment of leukocytes, in particular neutrophils, is extremely important in addition to barrier dysfunction. Neutrophils are necessary to battle infection but their timely removal from the lungs (through apoptosis) is crucial to patient recovery. Clinical studies have shown that delayed neutrophil apoptosis (i.e. extended survival within the lungs) is associated with worse outcome of ALI patients 5()
.  Therefore, it is vital that we understand the influence of TNF receptors on both the recruitment and clearance of neutrophils, before considering use of TNF signalling inhibitors to treat patients.  We have recently developed a novel clinically applicable mouse model of spontaneously resolving ALI/ARDS, that will allow us to investigate this extremely important issue 6()
. 

Scientific questions:

Q1.
Does the p55 TNF receptor influence neutrophil transmigration into the alveolar space in experimental ALI/ARDS?

Q2.
Does the p55 TNF receptor influence neutrophil survival in experimental ALI/ARDS?

Methodologies:

The mouse model of resolving ALI/ARDS involves the instillation of hydrochloric acid into the lungs of anaesthetised mice after which they are allowed to wake up. This model would be applied to wild-type and p55-deficient animals to ascertain the impact of the p55 receptor on neutrophil kinetics (from blood to lung interstitium to alveolar space) and on their fate (length of survival and mechanism of death – apoptosis or necrosis).

At days 1,2,3 and 5 after injury, mice will be terminated, their lungs lavaged and perfused, such that three compartments (bronchoalveolar lavage (BAL) (alveolar compartment), lung tissue (interstitial compartment) and blood (systemic compartment)) can be evaluated for neutrophil kinetics. Neutrophils will be identified using established flow cytometric based techniques. Apoptotic/necrotic neutrophils will be identified using stains for Annexin V (apoptosis) and propidium iodide (necrosis). We will also look at soluble mediators in BAL fluid and plasma to examine cytokine/chemokine gradients important in neutrophil trafficking.

Dr Brijesh Patel will perform all in vivo experiments and samples will be analysed by the student (under the direction of Dr Patel). If time permits, flow cytometric data will be confirmed with (immuno)histolological analysis.

Techniques offered to the student:

Experience in vivo mouse surgery (post schedule 1 killing) for sample extraction.

Flow cytometric analysis of BALF, lung cell suspensions, and blood.

Measurement of inflammatory mediators - ELISA.

Histology +/- immunohistochemistry.
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