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                     Low-stiffness TG-gels promoted BMMSC proliferation, whereas high-stiffness TG-gels supported cell osteogenic differentiation. 

However, Mφs in high-stiffness TG-gels were more likely to polarize toward the pro-inflammatory M1 phenotype. Using either conditioned 

medium (CM)-based incubation or Transwell-based co-culture, we found that Mφs encapsulated in the low-stiffness matrix exerted a 

positive effect on the osteogenesis of co-cultured BMMSCs. Conversely, Mφs in high-stiffness TG-gels negatively affected cell osteogenic 

differentiation.                       

                     A transglutaminase cross-linked gelatin (TG-gel) was used for 

three-dimensional (3D) culture of bone marrow-derived mesenchymal stem cells 

(BMMSCs) and Mφs. First, we examined the cellular effects of matrix stiffness 

(low, medium and high stiffness) on the osteogenic potential of BMMSCs and the 

polarization of Mφs when each cell type was encapsulated in the TG-gel. 

Subsequently, the influence of Mφs in TG-gels with different stiffness levels on 

the osteogenic potential of BMMSCs  under two-dimensional (2D) and 3D 

conditions were investigated using either conditioned medium (CM) derived from 

the TG -gel-encapsulated Mφs for BMMSC cultures or Transwell co-culture 

systems. 

                     To explore the effects of matrix stiffness on cell proliferation and 

osteogenesis of BMMSCs and whether macrophage involvement could affect 

matrix stiffness related influences on osteogenesis of bone mesenchymal stem 

cells (BMMSCs). 
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Objective 

                                 

Methods 

Results 

                       In a platform in which Mφs and stem cells coexist, the matrix stiffness can  influence stem cell fate through direct matrix-

associated regulation and through indirect Mφ-based modulation. The latter process arises from Mφ polarization and the resultant 

functional change in the response to mechanical cues. 

Conclusion 

Fig. 1.  Characterization of TG-gels derived from gelatin with different 

concentrations. (The resultant TG-gels were named Low, Mid and High.) 
Fig. 2. Influence of matrix stiffness (Low, Mid and High) on the morphology, 

proliferation and viability of gel-encapsulated BMMSCs.   

Fig. 3. Influence of matrix stiffness (Low, Mid and High) on osteogenic 

differentiation of gel-encapsulated BMMSCs.  

Fig. 4. Influence of matrix stiffness (Low, Mid and High) on cytoskeleton 

arrangement and polarization markers of gel-encapsulated Mφs. 

Fig. 5. The influence of Mφs encapsulated in TG-gels with different stiffness on 

osteogenic differentiation of BMMSCs (under  2D or 3D culture). 

Fig. 6. Effects of gel-encapsulated SDF-1α and IL-4  with high stiffness on 

periodontal regeneration of critical periodontal defect model of rats. 


