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Regenerative medicine critically aims to restore native tissue function in damaged tissues 

using engineered materials. Central to the development of these constructed materials is the 

understanding of how cells will interact with the material and how the combined resulting 

therapy will function in the body. Here we present our recent advances in utilizing Raman 

spectroscopy in the characterization and development of novel regenerative therapies. 
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Regenerative medicine aims to restore tissue function using engineered materials, which 

replicate or improve the function of a damaged native tissue counterpart. Central to 

developing these constructed materials, one should gain an understanding of how tissue 

specific cells interact with the materials and how the resulting regenerated tissue compares 

with a healthy native counterpart.  

The cells used in these approaches can vary significantly from e.g. somatic, genetically 

reprogrammed cells to adult/embryo-derived stem cells. Using cells to reestablish tissue 

functionality is highly dependent on our ability to enable the cells to regenerate tissue both in 

vitro and in vivo.   

Thus understanding differences in cell types used in regenerative medicine is of prime 

importance. Especially challenging is the isolation and culture of tissue specific cells which 

provide effective treatments. Pluripotent stem cells such as embryonic stem cells (ESC) and 

more recently induced Pluripotent stem cells are considered to have incredible potential due 

to their unlimited differentiation potential. Other cell types such as adult derived stem cells 

also have great potential for targeted treatments.   A concern common for all stem cell lines 

are that they might need targeted differentiation to prevent unwanted tumor formation.  

 We have previously shown that bone nodules formed in vitro from mouse ESC, neonatal 

carvarial osteoblasts (OB) and adult bone marrow derived mesenchymal stem cells (MSC) 

show significant differences in the resulting mineral and collagen content produced by each 

cell type [1]. In particular the ESC cells showed lower collagen content compared to MSC 

and OB, as well as a difference in mineral content and stiffness of the bone nodules.  

Our current focus is on characterizing and monitoring cell incorporation into regenerative 

constructs.  This includes the characterization of in vitro differentiation in several cell types 

and in particular the interaction with bioactive glass and other tissue scaffolds, as well as an 

in vivo injection of stem cells.   To do this, we apply a variety of Raman spectroscopy based 

techniques including live cell imaging and high-resolution mapping in combination with 

advanced data analysis methods. Innovative analytical techniques are applied to capture the 

bio-molecular environment of the cells and/or materials. The combination of this information 

with gold standard biological techniques provides crucial insight into the potential for these 

therapies. This talk will include an overview of our most recent developments in this area.  
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