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ADVANCING REGULATORY SCIENCE
Studies of morphological “signatures” might improve characterization 

of mesenchymal stem cells for use in tissue regeneration

Morphologies adopted by mesenchymal stem cells (MSCs) in the first 3 days of 
osteogenic induction predicted their ability at day 35 to undergo mineralization
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Establishing universally accepted MSC characteristics that correlate 
with in vitro and in vivo outcomes could support the development of 
these cells for regenerative medicine
•  MSCs are a potential cell source for a variety of regenerative medicine 
applications, such as depositing calcium-containing matrices to support bone 
tissue growth.

•  Current biomarkers for assessing osteogenic differentiation of MSCs from 
multiple donor cell sources and passages do not often use measures of multiple 
osteogenic markers (e.g., gene expression, alkaline phosphatase activity, mineral 
deposition). 

•  Identifying MSC quality attributes that correlate with in vitro osteogenic assay 
performance could significantly improve identification and screening of cell 
populations for MSCs with desired properties for bone tissue engineering.

•  One common assay to determine if MSCs will mineralize (deposit calcium) requires 
cells to be grown for 35 days in a culture after receiving stimulation, followed by 
assays for deposition of calcium-containing matrices, an activity associated with 
bone formation. FDA scientists demonstrated it might be possible to predict if a 
specific population of MSCs will mineralize by day 3 of stimulation.

Correlation of MSC morphologies with stem cell 
differentiation potential enabled prediction on day 3 
post-stimulation of whether MSCs would mineralize at 
day 35
•  FDA scientists investigated whether short term cell and 
nuclear morphological profiles of MSCs from multiple donors, 
at multiple passages, correlated with long-term mineralization 
following osteogenic induction in cell cultures.

•  Automated high content imaging of early MSC cell and 
nuclear morphologies showed certain signatures observed 
3 days after stimulation were highly correlated with 35 day 
mineralization and was comparable to other methods of MSC 
osteogenesis assessment (e.g., alkaline phosphatase activity). 

•  The assay used a  larger number of donors than other 
laboratories that used morphological measures to predict MSC 
behavior, as well as MSCs from donors of various ages, both 
genders, and various MSC manufacturing processes.
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Day 3: Images of MSCs
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Following osteogenic induction, short term cell and This imaging approach could be used to compare The methodology could help to significantly improve the 
nuclear morphological profiles of MSCs from multiple characteristics of MSC lots from different laboratories ability of scientists to predict which MSCs are suitable 
donors (at multiple passages) correlated with long term and potentially identify morphological signatures that for clinical use. Thus, it has the potential to support FDA 
mineralization. effectively predict their performance in an osteogenesis regulatory efforts to ensure that therapies based on 

bioassay. MSCs are safe and effective.




