Differentiation and Stratification during Development:

A Joint Computational and Experimental Investigation
A.    Summary
Epithelial development and regeneration involve multi-tiered regulatory mechanisms integrating multiple signaling and transcriptional activities to precisely control the dynamics of cell lineages and their spatial distributions.  How does a stratified epithelium like the mammalian epidermis utilize complex regulatory networks and cell-to-cell communications to control its growth and stratification of cell layers during development and regeneration? How does the epidermal system achieve its performance objectives robustly? We propose to use a systems biology approach integrating modeling and experimenting to study these questions. In addition to determining new critical regulatory circuits and identifying their specific functions in the developing epidermis, we will characterize and search for generic principles on capabilities, limitations, and tradeoffs of different control circuits and modules for proliferation, differentiation, and spatial organizations during development. Computationally, we will develop multi-scale models incorporating intra-cellular regulatory networks, extra-cellular components and tissue growth, with potential applications to other similar biological systems. We also propose a broad range of activities on outreach, education and diversity at the interface of mathematics and biology, which include helping 4th-6th graders to organize mathematics and science clubs and developing different course modules on systems biology of epidermis for high school students and graduate students. The interdisciplinary research team consists of one computational mathematician and one experimental biologist with extensive experience in systems biology and past success in collaboration. 
Intellectual Merit 
The proposed research addresses questions on how individual epidermal cells combine the elements of proliferation, differentiation and stratification to produce the correct size, proportion and spatial organization of a mature epidermis in mammals. We consider both cell-intrinsic (e.g., Ovol and c-Myc transcription factors) and extrinsic (e.g., TGF-ß) mechanisms, and evaluate the contribution of each molecular component, particularly the Ovol proteins, to the overall performance of the complex developmental system.  Such an integrated investigation using both modeling and experiments provides a unique opportunity for transformative discovery. Specifically, success of the proposed study will lead to 1) a better understanding of the spatial and temporal control of stem cells, progenitor cells, and terminally differentiating cells during mammalian epidermal development and regeneration; and 2) better and generally applicable computational and modeling tools for multi-scale biological systems consisting of intra-cellular regulations, extra-cellular information, cell-to-cell communications, and tissue growth. 

Broad Impacts 

The insights obtained through the proposed work will not only shed new lights into skin research, but also establish a founding paradigm for other epithelial systems such as tongue, esophagus, stomach, and the olfactory epithelium, all of which share with the skin epidermis a stratified organization, ability to regenerate, and tissue polarity. Given the importance of stem/progenitor cells in regeneration and tumorigenesis, these studies will also have important implications on epithelial tissue engineering and cancer treatment. The proposed training activities involve students at various levels with a theme on bridging research and training to provide new opportunities and better environment for interdisciplinary training and research at the interface between mathematics and biology. The student training will add to the scientific workforce, the highly needed human resources equipped to engage in cutting-edge interdisciplinary research.  The proposed outreach activities will increase participation and engagement of 4th-12th graders in mathematics and science.  The principle investigators of the proposal will continue their past success with a strong commitment to recruiting and nurturing female and underrepresented minority trainees. 
