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	Name of Supervisor: 

	John King

	Research Theme: 

	Bioscience for Health

	Location of Project:

	School of Mathematical Sciences



	Project Title:

	Modelling the interaction of the immune system with the gut

	Project Description:

	The immune system plays a huge number of roles in health and disease. The proposed project will focus on some of the implications for inflammageing and will build on an existing ordinary differential equation model by adding relevant additional components. The mathematical tools required will be model formulation, numerical computation and dynamical-systems approaches. 
The immune system and the gut are deeply interconnected, with about 70% of immune cells residing in the gut. A complex interplay exists between the gut microbiota, the intestinal epithelial layer and the local immune system. A healthy gut microbiome is crucial for immune function, shaping immune responses and defending against harmful pathogens. As we age, both the immune system and the gut microbiome undergo significant changes that impact health. Emerging research indicates that mitigating age-related dysbiosis may enhance health and longevity by reducing systemic inflammation and immunosenescence, these being key features of ageing. Targeting age-related dysbiosis may thus represent an attractive strategy to prevent or reverse functional age-related declines in immune responses. 
The project will take an existing mathematical model (developed by the supervisor and coworkers) that captures the interactions between the adaptive immune system, the intestinal wall and the microbiome. The aim is to extend this model (comprised of ordinary differential equations) by incorporating additional components such as those specifically relevant to ageing, such as the neutrophil–macrophage network, which is a major component of inflammageing, with evidence that macrophages in particular play a critical role in influencing immunosenescence. This will allow simulations of “immunosenescence” characterised by faulty or aberrant immune responses, as well as exploring how alterations in the composition of the gut microbiota can drive or are influenced by aging. These additions are crucial for a more accurate representation of the biological complexity associated with ageing.
The modified model will be solved numerically, the results being compared to known biological outcomes. The numerical computations will be complemented by dynamical-systems approaches, a likely significant aspect being bistability: in the context of the immune system this could aid understanding of how the system might exist in either a healthy or a diseased state and could clarify what factors might be associated with a switch between these states. By such approaches we hope both to can gain insights into the triggers of disease onset and progression and potentially to identify new therapeutic targets.  Model results will be compared to data from collaborators that describe numbers of individual immune cells, levels of key cytokines and measures of the microbiota in the elderly, leading to model refinements. The expanded model will allow the more effective simulation and analysis of the dynamic behaviour of the immune system in the context of ageing.
In summary, this project aims to increase our understanding of how dysregulation of the innate and adaptive immune system can be of significance to healthy ageing by building upon an existing ODE model, enriching it with new components, and employing a combination of mathematical approaches to understand its implications.  


	Potential skills that can be developed:

	mathematical modelling;systems biology;statistics;in silico testing;

	Training opportunities:

	Training in model formulation and computational and analytical mathematical methods. Involvement in activities with the Centre of Mathematical Medicine and Biology.
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