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Introduction Mesenchymal stem cells (MSCs) are known as the most 

perspective and frequently used cell type for regenerative 

medicine. However, senescence limits the widespread 

implementation of their application, as MSCs drop their 

potential and therapeutic properties with the passages. 3D-

spheroids are considered as strategy to overcome senescence. 

The mechanisms of rejuvenation of MSCs in 3D-spheroids are still unknown.

?



Aim To reveal the probable mechanism of MSCs rejuvenation in

3D-spheroids.

Methods • The Real-time polymerase chain reaction (qPCR)

• Electron and immunofluorescent microscopy 

• Chloroquine (5 μM) incubation 

• Analysis of senescence-associated (SA) – β –

galactosidase activity.

• Statistical analysis (one-way ANOVA) 

Results

1 μM

Autophagy is activated in 3D-spheroids of MSCs.

• Increased expression of p62

• Increased number of 

autophagosomes 



Results Autophagy is activated in 3D-spheroids of MSCs.

• Up-regulation 

autophagy-related 

genes (ATGs)

mTOR localizes in nucleus in 3D-spheroids.
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Results mTOR localizes in nucleus in 3D-spheroids.

Results Inhibition of autophagy prevents MSCs rejuvenation.
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3D-2D MSCs Control• SA-β-galactosidase 

positive staining of 3D-2D 

MSCs with inhibited 

autophagy 

• Nuclear localization 

of mTOR could play 

a key role in 

mTORC1 regulation 

activity and 

subsequently 

autophagy activation. 



Conclusions Our data suggest autophagy’s activation in 3D-spheroid 

MSCs by mTOR’s nucleus sequestration. This process 

plays a key role in MSCs rejuvenation.
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