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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):

Acute lung injury (ALI) is an important cause of patient morbidity and mortality within the intensive care unit. Currently no drug therapies exist for ALI, and treatment consists of supporting the patient in intensive care until they either die or recover.  The most important aspect of patient support is mechanical ventilation, but this can itself produce a particular type of ALI, called ventilator-induced lung injury (VILI). This additional injury caused by VILI has been shown to be responsible for at least 20-25% of deaths among ARDS patients (1).  

VILI is known to include a highly important inflammatory component (2,3), and it has been widely suggested that interfering with the immune system could be a useful technique to reduce VILI.  However, this may be a very dangerous approach as the patient could be left at risk of developing life-threatening infections. One way to avoid such adverse consequences is to identify VILI-specific processes. We have taken the approach of studying the initial ‘triggering’ processes by which lung stretch stimulates alveolar macrophages (the primary immune cell within the lung), which remains a fundamental unanswered question.  

We have recently produced preliminary evidence which has led us to hypothesise that initial activation of macrophages relies on physical contact between macrophages and structural cells of the lung (epithelial cells).  If our hypothesis is correct, we may be able to specifically target this physical interaction without impairing the patients’ response to infection.  We believe this novel approach could potentially have significant implications for the design of future therapies for VILI, and thus mortality of patients.   
Scientific questions & methods:

Q1. Are alveolar macrophages activated early during VILI?

MAPkinase signalling pathways are rapidly (within minutes) activated in response to almost any cellular stimulus. Mice will be ventilated for 5-10 minutes (by trained personnel) with high or low tidal volume ventilation, following which students will carry out alveolar space lavage and lung dissection.  They will then use established flow cytometric techniques on cells obtained in order to identify alveolar macrophages, and evaluate their activation in terms of MAPkinase enzyme phosphorylation.  Rapid activation within minutes would provide strong support for our ‘contact-dependent activation’ hypothesis.

Q2. Are ICAM-1 mediated interactions responsible for alveolar macrophage activation?
Depending on progress, students may carry out similar experiments in ICAM-1 knockout mice.  ICAM-1 is an adhesion molecule known to be important for epithelial cell-alveolar macrophage interactions during homeostasis.  If our hypothesis that such interactions are important during VILI is correct, early macrophage activation should be attenuated in ICAM-1 knockout mice. Students would determine alveolar macrophage MAPkinase phosphorylation in ICAM-1 knockout mice using the techniques outlined above.
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