White Paper: Cell Scale to Macroscale Integration

1. Lung (CL Lin)

Outline
A. Objective and Hypothesis
B. Cellular Response to Mechanical Force (link between scales)
C. Cell Model
D. Mechanics Model
E. Integration
F. Limitation

2. Blood Flow (George Karniadakis)

3. Gastrointestinal Tract (Jim Brasseur)

1) multiscale modeling of momentum and scalar transport, mixing, and absorption using the lattice-Boltzmann framework with applications to GI function and drug delivery (dissolution and absorption of drugs).  
2) muscle-fluid-neurological interactions, specifically addressing the sphincters of the GI tract  
3) Imaging and automated 2-D and 3-D segmentation, where one dimension is time, with application to functional evaluation and clinical medicine.  
4) Multimodal combinations of data collection and analysis for medical applications. 


4. Tumor Growth (Bridget Wilson and Yi Jiang)
 
1) multiscale model of mechanics of cell and tissue, especially cell migration in 3D tissue context, involving multi-physics multi-model integrations
2) combining fluid and molecular transport in heterogeneous environment with cell-based models, especially in the context of drug delivery to tissue and organ
3) automated generation of simulational geometries based on 2D and 3D images
4) sensitivity and uncertainty analysis of multiscale models

5. Multiscale (molecular/cellular) Imaging (Yoonsuck Choe)
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Plenary Speaker 1
Subra Suresh
Massachusetts Institute of Technology, USA
Cell Biomechanics and Human Diseases
This presentation will provide a summary of recent research results on how cell and molecular biomechanics influence the onset and progression of human diseases, and how disease states in turn result in changes to the static and dynamic biomechanical response of cells and sub-cellular components. Systematic experiments along with three-dimensional computational simulations of cell biomechanics will be discussed in the context several broad classes of infectious diseases, human cancer as well as hereditary blood disorders. Select examples that illustrate pathways for developing novel disease diagnostics, drug efficacy assays, and therapeutics through a variety of biomechanical probes will be discussed along with results that show connections between cell biomechanics altered by targeted gene inactivation and disease states.

Plenary Speaker 3
Joachim P. Spatz
University of Heidelberg, Germany
Chemo-Mechanical Regulation of Cellular Responses on the Nanometer Scale
Engineering of cellular environments has become a valuable tool for guiding cellular activity such as differentiation, spreading, motility, proliferation or apoptosis which altogether regulates tissue development in a complex manner. The adhesion of cells to its environment is involved in nearly every cellular decision in vivo and in vitro. Its detailed understanding and defined control also opens new strategies for medical technologies with respect to, e.g., stem cell regulation, tissue scaffolds, cell selection due to their disease state, artificial blood vessels, or immunology. Our approach to engineer cellular environments is based on self-organizing spatial positioning of single signaling molecules attached to inorganic or polymeric supports, which offers the highest spatial resolution with respect to the position of single signaling molecules. This approach allows tuning cellular material with respect to its most relevant properties, i.e., viscoelasticity, peptide composition, nanotopography and spatial nanopatterning of signaling molecule. Such materials are defined as “nano-digital materials” since they enable the counting of individual signaling molecules, separated by a biologically inert background. Within these materials, the regulation of cellular responses is based on a biologically inert background which does not trigger any cell activation, which is then patterned with specific signaling molecules such as peptide ligands in well defined nanoscopic geometries. This approach is very powerful, since it enables the testing of cellular responses to individual, specific signaling molecules and their spatial ordering. Detailed consideration is also given to the fact that protein clusters such as those found at focal adhesion sites represent, to a large extent, hierarchically organized cooperativity among various proteins. Moreover, “nano-digital supports” such as those described herein are clearly capable of involvement in such dynamic cellular processes as protein ordering at the cell’s periphery which in turn leads to programming cell responses.
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