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"Nanomaterials for Morphogen Delivery in Skeletal Tissue 
Regeneration"

Translation of nanoscale discoveries from laboratory to clinic promises new diagnostic tools, drug 
targeting modalities, gene therapy platforms, and tissue constructs for patients. Tissue morphogenesis 
during fetal development is highly dependent on spatial and temporal expression of multiple 
morphogens targeting different progenitor cells. During fetal development, mesenchymal stem cells 
(MSCs) and endothelial colony forming cells (ECFCs) are implicated in bone formation coupled by 
paracrine signaling between the two progenitor cells. The invading ECFCs secrete osteogenic morphogens 
(BMP2) to stimulate cell differentiation and mineralization whereas the differentiating MSCs release 
vasculogenic morphogens (VEGF) to further stimulate capillary formation for the metabolically-active 
osteoblasts. Articular cartilage is structurally and functionally composed of multiple distinct zones 
including superficial, middle, deep, and calcified zones with each zone exhibiting a defined matrix 
composition, organization and cellular expression. The fetal development of articular cartilage starts with 
condensation of MSCs in the early limb bud to form a mesenchyme characterized by high cell density. 
Following condensation, sequential and timed expression of multiple morphogens (TGF-β, BMP-7, IGF-1 
and IHH) leads to the formation of superficial, middle, deep and calcified zones of articular cartilage. I will 
present in my seminar novel nanomaterial-based strategies and tissue models for testing the effect of 
spatiotemporal and on-demand delivery of morphogens for vascularized osteogenesis and to regenerate 
the stratified structure of articular cartilage. 
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