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INTRODUCTION: Cell-laden scaffolds are 

widely investigated in tissue engineering because 

they can provide homogenous cell distribution, and 

deposit multiple types of cells into a designed 

region.1 However, fabricating a 3D cell-laden 

biceramic scaffold is difficult due to the low 

processability of cell-laden bioceramics. Therefore, 

designing a 3D bioceramic cell-laden scaffold is 

important for ceramic-based tissue regeneration.2,3 

Here, we propose a new strategy to fabricate a 

bioceraims / hydrogel cell-laden scaffold, using 

preosteoblasts (MC3T3-E1) using a two-step 

printing process. A cell-laden pure hydrogel 

scaffold and an bioceraimcs / hydrogel scaffold 

loaded with cells via a simple dipping method were 

used as controls. We compared the osteogenic 

activities of the scaffolds, including those of 

alkaline phosphatase (ALP), as well as calcium 

deposition.  

METHODS: Bioceramics and hydrogel were used 

as a basement materials of the scaffold. The 

hydrogel (4 wt %) was mixed with MC3T3-E1 

cells (ATCC, USA). To cross-link the hydrogel, 

polyphenol ([PP] Sigma-Aldrich, USA) was used.  

The bioceramics / hydrogel struts were printed, and 

the cell-laden hydrogel was printed onto the struts. 

These steps were repeated several times to achieve 

the 3D mesh structure (TC-CPRINT). 

As controls, we fabricated a cell-laden hydrogel 

scaffold (CLCS) and a 3D bioceraimcs/hydrogel 

mesh structure was dipped into a cell-laden 

hydrogel solution (TC-CDIP). 

RESULTS: Fig. 1a shows the optical and SEM 

images of the scaffolds. The CLCS and TC-

CPRINT scaffolds showed homogeneous pore 

structures, while TC-CDIP had a non-homogenous 

pore structure, due to the dipping process. 

We evaluated alkaline phosphatase (ALP) activity  

and calcium deposition using Alizarin Red S (ARS) 

staining to assess osteogenic differentiation of the 

cells on the scaffolds. As shown in Fig. 1b-d, the 

TC-CPRINT showed significantly highest 

osteogenic activities compared to those of the 

CLCS and TC-CDIP. 

 

Fig. 1 (a) Optical and SEM images of the 

scaffolds. (b) Relative ALP activity of scaffolds. 

(c) Optical images of ARS staining and (d) 

relative calcium deposition of scaffolds. 

DISCUSSION & CONCLUSIONS: Here, we 

developed an innovative ceramic-based scaffold, 

which consisted of bioceraimcs/hydrogel and cell-

printed hydrogel. We found an optimal processing 

range for the parameters used in the fabrication. 

Our results indicate that the cell-printed 

bioceraimcs/hydrogel scaffold may serve as 

potential biomaterial for the regeneration of bone 

tissue.  
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