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Research Synopsis

Mathematical and computational modelling of temporal and spatiotemporal phenomena in a number of areas in the life sciences, including developmental biology, wound healing, cancer biology and bacterial chemotaxis.
Research projects include the modelling of avascular tumours, normal and abnormal wound healing, collective motion of social insects, bacterial chemotaxis, rainforest dynamics, pathogen infections, immunology, vertebrate limb development and calcium signalling in embryogenesis. Models are developed for these processes and analysed using the appropriate techniques, including stability analysis, asymptotics, multi-timescale analysis, numerical simulation, lattice-gas and agent based modelling and computation. The key aim in many applications is the vertical integration of processes occurring on multiple length and timescales.

Professor Maini is currently involved in active collaborations in Oxford with 12 other departments and has collaborations with a number of universities outside Oxford including Dundee, Nottingham, Sheffield, Arizona, Auburn, Chubu (Japan), Sydney, Utah, UNAM (Mexico), Queensland University of Technology as well as the Stowers Research Institute (Kansas City).

Some recent significant research findings include: i) Predictions, based on a coupled partial differential equation paradigm model for pattern formation, on how different forms of skeletal abnormality can rise in the vertebrate limb. This is presently being tested experimentally by Dr Miura (Human Anatomy and Genetics, Oxford) on the doublefoot mouse mutant; ii) Experimentally-testable hypotheses on how certain TGF-betas may reduce scar tissue formation, based on a multiscale model for cell movement and fibre reorientation during dermal wound healing; iii) Results from a multiscale tumour growth model which show that heterogeneity (presently ignored in most models) can have a huge effect on the temporal dynamics of cancer cell growth; iv) A prediction from a bifurcation analysis of a coupled nonlinear ordinary differential model system on the possible different regulation mechanisms of the protein p27 which results in cancer cells gaining a significant advantage over normal cells in hypoxic (low oxygen) conditions.
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His research projects include the modelling of avascular and vascular tumours, normal and abnormal wound healing, collective motion of social insects, bacterial chemotaxis, rainforest dynamics, pathogen infections, immunology, vertebrate limb development and calcium signalling in embryogenesis. He has over 230 publications in the field and has held visiting positions at the Universities of Ancona, Cambridge, Central de Venezuela, Degli Studi Di Modena E Reggio Emila, Pierre et Marie Curie (Paris VI), Minnesota, South Florida, Sydney, Washington, Williams College, Queensland University of Technology, National Tsing Hua University of Taiwan and was Distinguished Foreign Visiting Fellow, Hokkaido University (2002). He was awarded a Royal Society Leverhulme Trust Senior Research Fellowship for 2001-2 and a Royal Society-Wolfson Research Merit Award (2006-11). 

In 2005 he was elected Honorary Guest Professor, University of Electronic Science Science and Technology of China, Chengdu, and in 2006 appointed to a 3-year Adjunct Chair at the School of Mathematical Sciences, Queensland University of Technology, Brisbane.

