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Abstract:
Background Effective treatments for the alveolar bone defect remain a

major concern in dental therapy. The objectives of this study were to devel-
op a fibrin and konjac glucomannan (KGM) composite hydrogel as scaffolds
for the osteogenesis of nasal mucosa-derived ectodermal mesenchymal stem
cells (EMSCs) for the regeneration of alveolar bone defect, and to investigate
the osteogenesis-accelerating effects of black phosphorus nanoparticles
(BPNs) embedded in the hydrogels.

Methods Primary EMSCs were isolated from rat nasal mucosa and used for
the alveolar bone recovery. Fibrin and KGM were prepared in different ratios
for osteomimetic hydrogel scaffolds, and the optimal ratio was determined
by mechanical properties and biocompatibility analysis. Then, the optimal
hydrogels were integrated with BPNs to obtain BPNs/fibrin-KGM hydrogels,
and the effects on osteogenic EMSCs in vitro were evaluated. To explore the
osteogenesis-enhancing effects of hydrogels in vivo, the BPNs/fibrin-KGM
scaffolds combined with EMSCs were implanted to a rat model of alveolar
bone defect. Micro-computed tomography (CT), histological examination,
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containing compound hydrogel was proved to be biocompatible and
capable of enhancing the osteogenesis of EMSCs by upregulating the miner-
alization and the activity of alkaline phosphatase. In vivo, the micro-CT
analysis and histological evaluation demonstrated that rats implanted
EMSCs-BPNs/fibrin-KGM hydrogels exhibited the best bone reconstruction.
And compared to the model group, the expression of osteogenesis genes
including osteopontin (Opn, p < 0.0001), osteocalcin (Ocn, p < 0.0001),
type collagen (Col , p < 0.0001), bone morphogenetic protein-2 (Bmp2, p <
0.0001), Smad1 (p = 0.0006), and runt related transcription factor 2 (Runx2,
p < 0.0001) were all significantly upregulated.

Conclusions EMSCs/BPNs-containing fibrin-KGM hydrogels accelerated the
recovery of the alveolar bone defect in rats by effectively up-regulating the
expression of osteogenesis-related genes, promoting the formation and
mineralisation of bone matrix.
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About Research Topic

Our previous study showed that bone-like grafts
loaded with EMSCs presented good repair effects
for cranial defects. However, it remains unknown
whether nasal mucosa derived EMSCs can be used
as seed cells to effectively repair alveolar bone
damage. Therefore, nasal mucosa derived EMSCs
were applied to alveolar bone defects to verify the
repair potential. In addition to seed cells, bone
substitutes required bioactive scaffolds to realise
their osteogenic potential. Fibrin scaffolds carrying
MSCs possessed considerable potential for applica-
tion in bone repair and regeneration, and the
addition of KGM may slow down the degradation of
fibrin hydrogels and form an appropriate extracel-
lular environment for the growth and proliferation
of stem cells.
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