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3D bioprinting for cardiac regeneration
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http://www.ibecbarcelona.eu/category/ibec-in-the-media/



3D bioprinting for cardiac regeneration
1. Myths:

- 3DBP is a very complex technique
- 3DBP technology is very expensive
- ECM bioinks are not idoneous
- Cells damage in the BP process

2. Proof of concepts:
- Cardiac patches
- Blood vessels

3. New horizons:
- Bionics

4. Take-home messages
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Myth 1: 3DBP is a very complex technique
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Myth 1: 3DBP is a very complex technique
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Cells encapuslated Direct cell printing



Myth 2: 3DBP is very expensive
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200-300k€
IBEC shared equipment



Myth 2: 3DBP is very expensive
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3D printer -> bioprinter
- Ultimaker 2 (2k€)
- Syringe extruders (1k€)
- HW and SW adaption



Myth 2: 3DBP is very expensive
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- Commercial 3D bioprinter:
• Ready-to-use bioprinter from start
• Official help/support* (spin-offs)
• Medium to high effort to customize
• Expensive

- Open source 3D printer adaption:
• Initial time-consuming development
• No official help/support
• Geek community -> huge help
• Easier to customize
• Cheaper solution* (initial time inversion)



Myth 3: ECM bioinks are not idoneous
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Natural bioinks:
- Alginate
- Gellan gum
- Silk
- Agarose
- Chitosan
- Gelatin*
- Collagen*
- Hyaluronic acid*

Synthetic bioinks: 
- PCL
- PEG
- Pluronic

Gungor-Ozkerim. Bioinks for 3D bioprinting.
Biomater Sci. 6. 2018



Myth 3: ECM bioinks are not idoneous

11

Zhang. 3D Bioprinting for Tissue and Organ Fabrication.  
Annals of Biomedical Engineering, 2017

Pati. Printing three-dimensional tissue analogues with
decellularized extracellular matrix. Nat. Comm. 5. 2014.
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Myth 4: Cells damage in the BP process
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30’ 37°C

10’ 4°C

dECM bioink printed at atmospheric pressure



Myth 4: Cells damage in the BP process
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Hinton. Three-dimensional printing of complex biological structures by freeform reversible 
embedding of suspended hydrogels. Sci. Adv. 1. 2015



Myth 4: Cells damage in the BP process
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Proof of concepts: Cardiac patches
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Pati. Printing three-dimensional 
tissue analogues with 
decellularized extracellular matrix 
bioink. Nat. Comm. 5. 2014

Jang. 3D printed complex tissue 
construct using stem cell-laden 
decellularized extracellular matrix 
bioinks for cardiac repair.
Biomaterials. 112. 2017



Proof of concepts: Cardiac patches
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Decellularization

Powder

Digestion in HCl

pH neutralization

Thermal crosslinking

Hydrogel

Becker. Processing of Human 
Cardiac Tissue Towards 
Extracellular Matrix Self-
assembling Hydrogel for In Vitro 
and In Vivo Applications. JOVE. 
130. 2017



Proof of concepts: Cardiac patches
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Subcutaneous Adipose Tissue
Mesenchymal Stem Cells (subATMSC)

48h



Proof of concepts: Cardiac patches

21

Subcutaneous Adipose Tissue
Mesenchymal Stem Cells (subATMSC)

Harvested cells



Proof of concepts: Blood vessels

22



Proof of concepts: Blood vessels
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High-concentration Rat tail type I collagen

Silk fibroin extracted from silkworm cocoons

Nature Protocols



Proof of concepts: Blood vessels
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Lind. Instrumented cardiac
microphysiological devices
via multimaterial three-
dimensional printing.
Nature Materials 16. 2017

Polyurethane: structural, electrical isolation
Polyurethane with carbon NP: piezoresistive
Polyamide and silver: electrical contacts
PDMS: structural, microfluidics

New Horizons: Bionics



New Horizons: Bionics
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3D Bioprinting could be useful for you
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Murphy. 3D bioprinting of tissues and organs. Nature Biotechnology 32. 2014



Efforts should be focused on bioinks
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Collaboration and interdisciplinarity
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UBB “Bioprinting team”

Bryan Falcones
Esther Marhuenda
Hector Sanz
Irene Mendizabal
Andressa Cereta
Alvaro Villarino
Nanthilde Malandain
Susana Amoros

Llorenç Roman (former)
Anna Ureña (former)
Kest Verstappen (former) Seniors:   Prof. Ramon Farre

Prof. Daniel Navajas
Dr. Isaac Almendros
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