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BIO-PRINTING 

layer-by-layer deposition 

repeatability 
 

custom design 
 

     3D embedding  
    matrix of bioactive,   
   hydrophilic  
macromolecules 

in-vivo like tissues 

Design and fabrication of custom-designed artificial 3D living tissues 
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• fast 
• low cost 
• big range of suitable  
  materials 
• poor precision 
 

à  Microfluidic extrusion 
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Coaxial needle extruder for fast gelling macromolecules 
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Coaxial needle extruder for fast gelling macromolecules 
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• different fiber diameters ( 300 - 100 µm )  
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• multilayered structures 
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µCT acquisition 

• 3D interconnection among fibers 
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µCT acquisition 

• high cell viability 
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µCT acquisition 

LIVE/DEAD 

Hep-G2 cells 
day 5 in Alginate-GelMA 

• uniform cell viability 
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• uniform cell viability 
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• many possible extracellular matrix composition 
  

Radical crosslinking (UV): 
-  gelatin (methacrylol) 
-  dextran (metacrylol) 

Enzymatic crosslinking: 
-  fibrinogen 

Self-assemby 
-  collagen 
-  fibroin 

+ 
alginate 

2-step crosslinking 
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• fibers with diam =  300-100µm 
 
• 3D interconnectivity 
 
• high and uniform cell survival 
 
• different possible compositions  
  of embedding hydrogel 
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FIBER DEPOSITION 
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MICROFLUIDIC FEED 

 

Lab Chip, 2014, 14, 2145 
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internal needle 

external needle 

µ-fluidic 
chip 

Lab Chip, 2014, 14, 2145 
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•   Changing composition of the bioink: 
 

  - components of the extracellular matrix 

200 µm HUVECs cells 
Day 15, in Alg-GelMA 

Eyoung ≈ 15kPa  

200 µm HUVECs cells 
Day 15, in Alg-GelMA 

Eyoung ≈ 40kPa  

Adv. Mat, 2016, 28, 677 
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HepG2 – Day1 

5×106 cells/ml 

HepG2 – Day1 

10×106 cells/ml 

500 µm 
 

500 µm 
 

•   Changing composition of the bioink: 
 

  - cell density 
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500 µm 
 

500 µm 
 HepG2 – Day1 

5×106 cells/ml 

HepG2 – Day1 

10×106 cells/ml 

•   Changing composition of the bioink: 
 

  - cell density 



Nanoinnovation 2016 – Microfluidics, Fluids at Interfaces and applications - 21 Sept. 

•   Creating heterogeneous structures (cells ~ ECM) 
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•   Creating heterogeneous structures (cells ~ ECM) 

 in the same fiber RED 
bioink 

GREEN 
bioink 

coaxial 
needle 

µ-PATTERN 

mixed 
aligned in 2  

parallel zones 
aligned in 3  

parallel zones 

100µm 100µm 100µm 

50µm 
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•   Creating heterogeneous structures (cells ~ ECM) 

 in the same construct blank 
bioink 

fluorescent  
bioink 

coaxial 
needle 

µ-SWITCH 

Adv. Mat, 2016, 28, 677 
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3D-PRINTED 

LEGO µFLUIDIC 

COMPONENTS 

associated with 

3D deposition 

 

 

CUSTOMIZE THE 3D-BIOPRINTER  

DEPENDING ON THE SPECIFIC APPLICATION 

PNAS, 2014, 111, 42,15013 
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