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Engineered application

Understanding and engineering the 
mesenchymal stem cell niche

OVERVIEW: Human mesenchymal stem cells (hMSCs) offer a unique cellular approach to the 
modeling and treatment of human disease. Easily harvested from human bone marrow, these cells are 
progenitor cells for a variety of human tissues including bone, muscle, connective tissue, and vascular 
endothelium [1]. In addition, these cells have been shown to exhibit pluripotent properties that make 
them amenable to research intended to treat a broad diversity of diseases. The purpose of this project 
is to investigate the role of mechanical microenvironment or niche in the determination of cell fate 
among hMSCs. The ultimate goal is to enable and demonstrate novel techniques towards the 
development of in vitro and in vivo platforms to study and to treat disease states such as cancer 
metastasis and vascular inflammation / scarring.
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APPROACH:

RESULTS:
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hMSCs Adipocytes

Lipid droplets are a characteristic 
of the adipocyte phenotype

• Investigate traction-induced displacements 
in semi-infinite and finite substrata

OBJECTIVES:
• Develop a model material system to modulate 

the mechanical microenvironment of hMSCs
• Determine the parameters necessary for 

maintaining plasticity among hMSCs cultured in vitro
• Investigate specific disease states that may be induced by modulated microenvironmental cues
• Refine current techniques for isolating, expanding, and differentiating hMSCs
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Interesting fact about me:
My father (Notre Dame ’59), grandfather (USNA ’22), 
and great-grandfather (Cooper Union ’88) were all 
engineers.
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