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Group’s Research Interest:
Our primary interest is in the mechanism and organ injury in the critical care setting. We use a range of animal and in vitro cell culture models to dissect out inflammatory response to infection- and trauma-related stress stimuli. Our particular focus is on cell-cell interactions in inflammation and the critical role that the response environment plays in the development of acute lung injury.
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Synopsis of project (background/research question/methods to be used/relevant key references):

Background:

The systemic inflammatory response syndrome (SIRS) in sepsis results from activation of the innate immune system in response to microbial infection (1). The pathophysiology of SIRS in the absence of infection (e.g. trauma, burns) is comparable to sepsis and therefore may be analogous to the innate system response to infection. Indeed, various molecules released from stressed or damaged cells appear capable of activating the innate system via the same receptor-signalling pathways (e.g. Toll-like receptor system) as those activated by microbial products (2, 7). Although several candidate endogenous mediators, termed ‘alarmins’ or ‘danger associated molecular pattern’ (DAMPS), of sterile inflammation have been proposed, there remains considerable uncertainty as to their in vivo, as well as, clinical relevance (5).

Microvesicles are sub-cellular particles derived from the plasma membrane and cytoplasmic contents of cells activated by stress signals or damage (3, 4). Once considered merely as cell debris, microvesicles now appear to represent a separate arm of the inter-cellular signalling process, alongside soluble mediator and cell-cell contact mediated signalling. Microvesicles have been implicated in diverse physiological (e.g. haemostasis and coagulation) and pathophysiological (e.g. cancer, pre-eclampsia) processes . A significant role for microvesicles in inflammation and non-infectious SIRS has only recently been suggested, based in part on their ability to induce to induce pro-inflammatory cytokine production in monocytes via TLR4 signalling pathway (8). Identification of the role played by this new inter-cellular communication pathway in SIRS-related organ injury will undoubtedly have a significant impact on our understanding of both infectious and non-infectious SIRS pathophysiology.


Scientific questions:

1. Do microvesicles elicited by cellular stress directly induce acute lung injury in mice?
2. Do microvesicles increase sensitivity of the lungs to secondary endogenous or sepsis-related stimuli?


Methods and techniques.

Microvesicles will be generated from in vitro cell cultures of monocyte and endothelial cells lines using standard stress stimuli. These will include extracellular ATP, which activates purinergic signalling pathways resulting in rapid (within minutes) microvesicle release from cells. After ultra-centrifugation, microvesicles will be injected intra-venously into mice and, at different intervals, tissues including lungs and blood will be isolated for analysis. Principle analysis methods include: flow cytometric determination of lung endothelial activation, leukocyte recruitment and activation; ELISA measurement of cytokine production; determination of lung oedema by wet-dry weight ratios and protein content of broncho-alveolar lavage fluid.

All techniques for analysis of lung inflammation and injury are used routinely in the lab (for recent examples see:  6 & 9). Dr O’Dea will perform all in vivo experiments and samples will be analysed by the student. If time permits, data related to lung injury will be supplemented by histological analysis.
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