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Regenerative medicine aims to develop functional systems by integrating cells, 

scaffolds, and signaling factors. Although 3D in vitro models, particularly cellular 

spheroids, provide a superior biomimetic bridge over traditional 2D cultures, 

their high-throughput production and structural preservation during bioprinting 

remain significant technical challenges. To overcome these limitations, we 

developed a high-performance water-in-water (w/w) emulsion bio-ink.  

 

 

Introducing a "spheroid formation within w/w emulsions" strategy-a first in the 

literature-this platform offers a scalable, robust solution for personalized drug 

screening and functional tissue engineering. The methodology utilizes a biphasic 

system with a continuous gelatin methacrylate (GelMA) outer phase and an 

aqueous polyethylene glycol (PEG) inner phase containing the cellular cargo [1]. 

While the outer phase undergoes photo-polymerization to form a protective, ECM-

mimetic network, the inner phase provides a localized microenvironment that 

facilitates spontaneous spheroid organization within the aqueous droplets. This 

emulsion bio-ink, integrated with extrusion-based bioprinting, enables the high-

fidelity fabrication of personalized tissue scaffolds.  
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