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Computational biology of Alzheimer’s disease: Modelling and investigation of NMDAR-mediated 
Ca2+ signalling at hippocampal dendritic spine in Alzheimer’s disease

Alzheimer’s disease (AD) is a devastating, incurable neurodegenerative disease affecting millions of people worldwide. 
Dysregulation of intracellular Ca2+ signalling has been observed as an early event, prior to the presence of clinical symptoms 

of AD and is believed to be a crucial factor contributing to its pathogenesis. Mathematical modelling and computational analyses 
offer great opportunities to overcome the experimental limitation to advance our understanding of Ca2+ dysregulations of AD. We 
developed a mathematical model of a CA1 pyramidal dendritic spine, integrating essential components and reactions related to 
N-methyl-D-aspartate (NMDAR)-mediated Ca2+ response in the dendritic spine. Using this model, computational experiments 
are conducted to mimic major alterations under AD conditions and these alterations in glutamate availability, as well as NMDAR 
availability and activity, are studied individually and globally. Through simulation, we investigate how they are involved in the Ca2+ 
dysregulation in the dendritic spine and predict the most sensitive factor of Aβ that affects the Ca2+ response. To further study the 
effects of alterations of NMDARs in their roles in downstream events, a CaMKII state transition model is added to the downstream 
of our Ca2+ model. CaMKII state transition is an important event in the early phase of long term potentiation (LTP), a critical 
process in memory formation. We investigate the internalisation of synaptic NMDAR on the CaMKII state transition to gain insights 
into the disturbances from alterations in synaptic NMDAR in the emergence of LTP in AD.
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