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The immune system and its process of antigen presentation in particular encompass events that occur at multiple length and time scales.  Despite a wealth of information in the biological literature regarding each of these scales, no single representation synthesizes this information into a model that incorporates antigen presentation into the overall adaptive immune response.  We have begun an approach for integrating information over relevant biological and temporal scales to generate such a representation for MHC class II-mediated antigen presentation.  Here we focus on one of the single-scale models to give sufficient details of our approach. In particular, antigen presenting cells, or dendritic cells (DCs), present antigen to matching cognate T cells, which is a critical step in the generation of adaptive immunity. These dynamics occur within lymph nodes (LN), where many thousands of T cells briefly interact with antigen-bearing DCs, looking for that rare peptide-MHC match.  The resulting activation and proliferation of a specific T cell population generates an appropriate immune response. To study these interactions, we developed an agent-based computational model that describes the dynamics of antigen presentation within a LN by individual cellular interactions, governed by known rules of behavior.   We used this model to investigate how the physical structure of the LN enhances the relevant cell-cell contacts and the extent to which random motion vs. chemoattraction might enhance stochastic scanning by DCs of many T cells to find a rare cognate match.  

