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Abstract: 

One of our research focuses is on the understanding of the molecular mechanisms underlying the interactions between nanomaterials and biological systems, and the development of nanotechnology-based applications for diagnosis and treatment of diseases. The first part of the talk will focus on mesenchymal stem cells (MSCs), which are considered the cell type of choice for tissue engineering due to their capability of multilineage differentiation. I will present our studies on the effects of gold nanoparticles, carbon nanotubes, and silicon nanowires on the proliferation and differentiation of MSCs and the associated molecular mechanisms involved in osteogenesis and chandrogenesis of MSCs in the presence of nanomaterials. Specifically, our results showed that the mechanical stimulation of SiNW arrays on MSCs caused cytoskeleton reorganization and led to the activation of TGF-β, integrin, and insulin signaling pathways and Ca2+ channel, which converged to stimulate the osteogenic and chondrogenic differentiation via the Ras-Raf-mitogen-activated protein kinase (MEK)-extracellular signal-regulated kinase (ERK) cascade. The second part of the talk will focus on cancer stem cells (CSCs), which consist of only a small subset of cells within a hierarchical organization of cells in tumors that is responsible for sustaining tumorigenesis. The CSC model also provides an explanation for resistance to both radiation and chemotherapy and eventual tumor relapse. I will present our studies on the establishment and characterization of a CSC model based on non-small cell lung cancer, and the development of multifunctional nanoparticles integrating specific antibodies for targeting, fluorescence agents for imaging, magnetic components for thermal therapy, and chemical agents for interrupting specific pathways in the CSCs.
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