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Abstract  

The repair of critical-sized bone defects remains a major clinical challenge. Autologous grafts are 

constrained by the limited amount of donor tissue, while allogeneic or synthetic substitutes 

frequently fail to provide sufficient osteoinductive cues. These limitations emphasize the need for 

innovative strategies that combine biomimicry with functional efficacy in skeletal repair. 

In this study, a new microfluidic-assisted 3D bioprinting approach is presented by employing bioinks 

derived from decellularized human extracellular matrices (hECM). Specifically, dual-compartment 

constructs are fabricated by printing human bone marrow stromal cells (HBMSCs) within a bone 

ECM-derived bioink (hbECM) alongside human umbilical vein endothelial cells (HUVECs) 

encapsulated in a human placenta-derived ECM bioink (hpECM). Decellularized hECMs retain key 

proteins and signaling molecules that sustain cell function and differentiation, while also reducing 

the risk of adverse immune reactions. The hbECM/hpcECM combination successfully supported 

both osteogenesis and angiogenesis. Evidence from a chorioallantoic membrane (CAM) assay 

confirmed enhanced vascularization driven by the hpECM bioink, while microfluidic-controlled 

spatial deposition improved the integration of bone and vascular compartments, fostering direct 

HBMSC/HUVEC interactions. These features promoted the formation of a functional, osteogenic and 

angiogenic microenvironment. 

Overall, this work introduces a novel framework for developing human-derived biomaterials for 3D 

printed skeletal implants. In addition to offering promising solutions for clinical bone repair, the 

platform provides physiologically relevant in vitro models for disease research and personalized 

drug testing, thus bridging regenerative and precision medicine. 

 

 


