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Mechanistic study of DFO/MXene hydrogel in the treatment of bone defect repair by promoting osteogenic
differentiation
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[ Abstract]Objective To investigate the reparative effect of gelatin methacryloyl (GelMa) hydrogels loaded with de-
feroxamine (DFO) and titanium carbide nanosheets (MXene) on bone defects. Methods Prepare DFO/MXene hydro-
gels with concentrations of 0.25% (0.25% concentration group) and 0.5% (0.5% concentration group), as well as a blank
control group of GelMa(control group). The biocompatibility and osteogenic ability were evaluated by live/dead stain-
ing, cell counting kit-8 (CCK-8) assay, alkaline phosphatase (ALP) staining, alizarin red S (ARS) staining, ion release
test and polymerase chain reaction (PCR). The material characteristics were analyzed by scanning electron microscopy
(SEM), swelling test and degradation test. Results DFO/MXene hydrogel showed no obvious cytotoxicity and good
biocompatibility. The osteogenic differentiation effect in the 0.5% concentration group was superior than that in the
0.25% concentration group and control group. Compare with the 0.25% concentration group and control group, the ex-
pression of osteogenic-related genes runt-related transcription factor 2 (Runx2), bone morphogenetic protein 4 (BMP4),
collagen type I (COL I) and Sma-and Mad-related protein (Smad) in 0.5% concentration group were significantly up-re-
gulated, and iron ions could be released persistently (all P << 0.05). SEM observation showed a porous honeycomb-like
structure, and its water swelling ratio and in vitro degradation rate were more suitable for bone repair. Conclusions
This study confirms that 0.5% DFO/MXene hydrogel can promote osteogenic differentiation of rat bone marrow mes-
enchymal stem cells (IBMSCs) through the BMP4/Runx2/Smad signaling pathway, with excellent biocompatibility and
osteogenic differentiation capacity, it is an ideal tissue-engineered material for bone defect repair.
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