Mapping and Modeling ErbB Receptors On Cancer Cell Membranes During Signal Transduction
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Our goal is to understand the topographical regulation of ErbB signaling in breast and endometrial cancers, where amplification of ErbB1 (the EGFR) or ErbB2 genes is associated with poor outcome. Specifically, we propose: 1) to map the topography of ErbB receptors and their associated signaling molecules using innovative electron microscopy techniques; 2) to apply rigorous biochemical and statistical analyses to establish quantities of signaling molecules, their distributions and their relationships; and 3) to use these spatial and quantitative data as a framework for multiscale simulations of the signaling process.  
In work that is now in press, we report on first electron microscopy images mapping distributions of ErbB receptors on SKBR3 breast cancer cell membranes.  We found the most abundant receptor, ErbB2, is phosphorylated, clustered and active. Kinase inhibitors ablate ErbB2 phosphorylation without dispersing clusters. Modest coclustering of ErbB2 and EGFR, even after EGF treatment, suggests that both are predominantly involved in homointeractions. This observation, in particular, suggests that previous mathematical models overestimate heterodimerzation. We also show some usual topographic distributions for receptors and associated signaling molecules.  For example, Heregulin leads to dramatic clusters surrounded by PI 3-kinase. Other docking proteins, Shc and STAT5, respond differently to receptor activation. Levels of Shc at the membrane increase 2-5 fold with EGF while preassociated STAT5 becomes strongly phosphorylated. These data suggest that the distinct topography of receptors and their 
docking partners modulates signaling activities.

We are using several mathematical modeling approaches to evaluate these data and to build predictive models of signal transduction during carcinogenesis and response to therapy.  We report on novel use of Markov Random Field modeling to simulate relative locations of receptors and signaling molecules, revealing “hidden states” or associations.  We also report on results using an agent-based, stochastic model designed to simulate receptor diffusion, clustering, dimerization & signal propagation in a spatially realistic manner.   
