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	Name of Grant Holder
	Dr Robert Evans

	
	

	Project Title
	Developing the zebrafish as a model for investigating eicosanoid signalling during cryptococcal infection




	What was the overall aim of the work? (maximum 150 words)

	The overall objective of my research was to determine whether eicosanoids produced by the intracellular pathogen Cryptococcus neoformans can subvert the immune response by manipulating host eicosanoid signalling. My research aims were:
1. To characterise the effects of pathogen-derived eicosanoids on the pathogenesis of cryptococcosis.
2. To determine the host eicosanoid receptors responsible for the pathogenesis of cryptococcosis.
3. To develop the zebra fish as tool for studying host eicosanoid signalling during infection at a single cell resolution within a whole organism.

	


	What have you discovered / achieved? (maximum 350 words)

	
With support from this fellowship I moved to Sheffield University at the start of 2016 and began my research to establish the zebrafish as a model to investigate host manipulation by fungal eicosanoids. I first confirmed that eicosanoids produced by Cryptococcus neoformans are required for virulence during infection of zebrafish larvae. I subsequently identified the specific eicosanoid responsible for these effects as prostaglandin E2 by adding various exogenous eicosanoid species to infected larvae during infection. Prostaglandin E2 has been previously implicated as being important during C. neoformans infection however this is the first time that the source of this eicosanoids has been identified as coming from Cryptococcus rather than the host.

Further work revealed that prostaglandin E2 must be dehydrogenated into a derivative form called 15-keto-prostaglandin E2 before it is able to promote C. neoformans infection. This is the first time that 15-keto-prostaglandin E2 has been identified as a promoter of cryptococcal infection. I subsequently managed to identify the host receptor -  PPAR-𝜸 – this is pathogen-derived eicosanoid was binding to. This is also the first time that PPAR-𝜸 activation has been described during C. neoformans infection. This work has therefore led to the discovery of a new cryptococcal virulence factor (15-keto-prostaglandin E2) and the discovery of a new host pathogen interaction between C. neoformans and its host (activation of PPAR-𝜸 by C. neoformans eicosanoids). This research has produced sufficient data for a paper (Evans et al. 2017) which has been under review at PLOS Pathogens and is currently being prepared for resubmission pending further experiments.
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	What are the implications of this work? Please include details of anticipated outputs and outcomes, policy implications and changes in healthcare practice, with timelines. (maximum 350 words)

	This work has confirmed for the first time that eicosanoids produced by C. neoformans promote pathogenesis. This is significant as it uncovers a number of new potential pathways to target this disease. Further work on this project will focus on how existing or novel compounds can be used to target C. neoformans eicosanoid production, or to block the binding of these eicosanoids to host receptors. This work could have major implications for the treatment of cryptococcosis.




	Please provide a lay summary of the discoveries, achievements and impact of this work. (maximum 350 words)

	Please note that we may use this for publication on the BIA website and/or the BIA newsletter.

	Cryptococcus neoformans is a species of fungus that causes life threatening infections in humans, especially those who already have a weakened immune system. It is estimated that C. neoformans infection (cryptococcosis) kills around 180,000 people per year. During infection, the body defends itself by sending white blood cells called macrophages to eat and kill C. neoformans. Unfortunately, C. neoformans resists attempts to kill it and instead grows within the macrophage. By growing inside macrophages, C. neoformans is able to hide itself from other components of the immune system and continue causing disease. 

The purpose of this fellowship was to investigate how Cryptococcus changes the immune response enabling it to grow better during infection, it focussed on a group of chemical messengers called eicosanoids that are used by the immune system to change macrophage activation. Eicosanoids are of interest because Cryptococcus is able to make these molecules, it is therefore possible that eicosanoids made by Cryptococcus stop macrophage activation by confusing chemical messages normally produced by the immune system.

My BIA fellowship allowed me to move to the University of Sheffield to work with Professor Stephen Renshaw and Dr Simon Johnston and to use a zebrafish model of cryptococcosis that Dr Johnston’s group had recently developed. Zebrafish are a good organism to study infection as the larvae are small (~2mm head to tail) and develop from a fertilised egg to a larva with a circulation system and white blood cells such as macrophages within 2 days.

Using this model, I discovered that C. neoformans produces a novel eicosanoid based virulence factor called 15-keto prostaglandin E2 (15-keto PGE2). I subsequently found that 15-keto PGE2 activates a protein called peroxisome proliferator–activated receptor gamma (PPAR-) within macrophages leading to increased fungal growth. It is still not clear how PPAR-allows C. neoformans to grow better but it is possible that activation of PPAR-can lead to deactivation of macrophages, making them less able to kill the fungus. These findings are significant because by preventing PPAR-activation pharmacologically during infection we may be able to develop new treatments for the disease.







Please provide details of the following outputs funded or part-funded by this work.


	Please provide details of accepted or published research papers, books or book chapters associated with this research.

	Fungal derived 15-keto-prostaglandin E₂ activates host peroxisome proliferator-activated receptor gamma (PPAR-γ) to promote C. neoformans growth during infection.
Evans et al. 2017
bioRxiv 113167; doi: https://doi.org/10.1101/113167

(bioRxiv preprint, awaiting resubmission to PLOS Pathogens).



	Please detail posters or oral presentations related to this research.

	2016
· 52nd British Society for Medical Mycology annual meeting (Malahide, Ireland. March 20-22). Poster presentation
· 3rd Lightsheet Fluorescence Microscopy International Conference (Sheffield, UK, August 31 – September 3). Poster presentation
2017
· Gordon Research Conference: Immunology of Fungal Infections, Basic Mechanisms and Translational Implications (Galveston, Texas, USA. January 15-20). Poster presentation.
· 53th British Society for Medical Mycology annual meeting (Birmingham, United Kingdom. 19-23 March). Poster presentation and invited ‘elevator talk’ session.
· Zebrafish Infection UK inaugural workshop (Birmingham, United Kingdom. 3 April). Poster presentation.




	Please detail any further funding that has arisen from this research.

	A Sir Henry Wellcome Postdoctoral Fellowship and a MRC project grant were written using data generated from this fellowship. Unfortunately, neither of these grants were funded. My intention is to use the data from this project to support applications for my own independent funding in the future. 
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