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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):

The pro-inflammatory cytokine TNF is widely accepted as a key player during inflammation.  Blocking TNF signalling has been attempted clinically in both acute (eg sepsis) and chronic (eg diabetes) inflammatory states, but without success (with the exception of local inflammation in rheumatoid arthritis).  This is most likely related to the fact that there are still major gaps in our knowledge of how TNF signalling occurs.

TNF signals through 2 receptors, TNFR p55 and p75.  Recently it has become clear that signalling through each of these receptors has different consequences (1,2); for example p55 induces pro-inflammatory signals and cell death through apoptosis, while p75 can signal in a protective, anti-apoptotic manner.  Historically, it has been believed that the majority of TNF signalling occurs through the soluble form of TNF acting on the p55 receptor, with p75 playing a minor role.  However, this might just be because the studies which led to this conclusion were carried out using cell types on which p55 receptor expression is much higher than p75.  It has recently become apparent that such dominance of p55 receptor expression over p75 is not universal.  For example, we have shown that p75 expression is as high as that of p55 in the liver, and that the relative expression of the two receptors changes dramatically during acute inflammation (3).   
We know (3) that the p55 receptor is important within the lung under ‘resting’ conditions (and is very highly expressed there), but have no idea whether p55 is the ‘most important’ receptor for soluble TNF in all organs, under all conditions.  If relative surface receptor expression is as important as we think it is, TNF may have completely different biological actions in different tissues simultaneously (e.g. pro-apoptotic in the lung but anti-apoptotic in the liver), or different consequences in any given tissue at different times. Understanding this would have significant implications both in terms of basic TNF biology, and for the design of therapies based on blocking TNF receptor pathways.
Scientific questions & methods:

Q1. What is the relative expression of p55 and p75 TNF receptors in different organ beds ‘at rest’, and during acute and chronic inflammation?

Students will carry out tissue dissection and evaluation of p55 and p75 expression on blood leukocytes and endothelial cells from various tissues (liver, kidney, lung, brain) using established flow cytometry techniques.  Acute inflammation will be induced by intravenous injection of lipopolysaccharide (carried out by trained personnel).  Chronic inflammation will take the form of obesity induced by high fat feeding.  These data will enable a comprehensive assessment of cell surface TNF receptor expression under a variety of conditions in a variety of organs, which does not exist in the literature.

Q2. How does TNF p55 and p75 expression influence leukocyte infiltration and endothelial cell activation within different organs?

Depending on progress, students may carry out experiments in TNF receptor knockout mice.  Mice will be injected with TNF (by trained personnel), and both expression of adhesion molecules and recruitment of leukocytes within various organs will be assessed by flow cytometry.  Previous studies by our group showed that p55 is dominant over p75 within lung endothelium, both in terms of expression levels and cellular activation (adhesion molecule upregulation).  The current studies, focussing on organs in which the relative expression of receptors is different from that in the lungs (based on findings from Q1), will allow us to evaluate whether this dominance of p55 is inherent to the receptor, or a function of expression level.
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