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Materials and Mechanics in Medicine: Paper 2
3D bioprinting of collagen to rebuild components of the human heart
(Lee et al., 2019)
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 “3D bioprinting of collagen to rebuild components of 
the human heart”

 This paper deals with:
 Bioprinting as a form for creating scaffolds

 Importance of collagen as a vital component

 Novel way to produce parts of the human heart
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Introduction 
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Background – the human heart
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”Taschenklappe” = Semilunarklappe
“Segelklappen” = Atrioventrikularklappe
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Presenter
Presentation Notes

”Taschenklappe” = Semilunarklappe  zwischen Kammer und Ausstrom

“Segelklappen” = Atrioventrikularklappe  zwischen Vorhof und Kammer
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 Collagen as main ECM component

 Not simple to print complex organs & tissues w/ collagen

 New: 3D bioprinting of collagen with FRESH (2.0)

 Small to large  capillaries to full organ

 Unique gelation method gives high resolution filaments!

 Specifically, FRESH (2.0) printed hearts reproduce 

anatomical structures with high fidelity. 

 Cardiac ventricles even mimic native behavior!
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Research Aim & Results 
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 Ability to directly 3D-bioprint collagen with precise control 
of composition and microstructure 

 Engineer tissue components of the human heart 
 Collagen as bio-ink because of its critical role in the ECM!
 Structural integrity & organization of cells and compartments

 Depot for cell adhesion and signaling molecules
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Research Aim & Results 
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 Novel approach to drive collagen self-assembly, can…

 …use chemically unmodified collagen as bio-ink

 …enhance mechanical properties (high concentration collagen)

 …create complex structural and functional tissues
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Main Methods and Materials

Jack Kendall
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Main Methods and Materials

Jack Kendall

Presenter
Presentation Notes
(A) Rendering of the assembled Replistruder 3 syringe- pump extruder. 
(B) The Replistruder 3 mounted onto a PrintrBot Simple Metal 3D printer.
(C) Rendering of three assembled Replistruder 3’s mounted on the multi-extruder carriage, allowing the use of up to 3 separate bioinks for multi-material printing.
(D) The multi-extruder carriage and Replistruder 3’s mounted on a FlashForge Creator Pro 3D printer. 
(E) The multi-extruder system with two Replistruder 3’s mounted in the carriage. The needle tip of each extruder is aligned to the laser-cut alignment guides in the base plate using the position adjustment screws located around the syringe body and the vertical adjustment screws (not shown). Printing is performed in the center Petri dish containing the FRESH support bath with the outer Petri dishes holding DI water to keep the inactive needles clean and to prevent clogging. 
(F) Two Replistruder 3 extruders mounted on a MakerBot 3D printer and placed inside a biosafety hood for sterile FRESH printing. 

Just explain the setup here briefly, give them an idea what the system looks like



|| 29-Oct-19 8

Methods and Materials

Jack Kendall

Presenter
Presentation Notes
RESH v2.0 Printing CMU. 
Time-lapse sequence of 3D bioprinting the letters "CMU" from an Alcian blue-stained 4% (w/v) alginate ink using FRESH v2.0. Printing is performed at room temperature and raised to > 37°C after completion, melting the gelatin support bath and releasing the print. 
Alginate was used instead of collagen as it provided higher contrast within the support bath, making it easier to visualize the printing method.
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Methods and Materials

Jack Kendall

 First focused on FRESH-printing a simplified model of a 
small coronary artery–scale linear tube from collagen 
 Mouse myoblast cells cast around the tube to evaluate the ability to 

support a volumetric tissue

 Next, FRESH-printed a model of the left ventricle, with 
dual-material printing strategy

 Finally, print tri-leaflet heart valve 28 mm in diameter 

Presenter
Presentation Notes
We first focused on FRESH-printing a simplified model of a small coronary artery–scale linear tube from collagen type I for perfusion with a custom-designed pulsatile perfusion system (Fig. 2A and fig. S5). 

We next FRESH-printed a model of the left ventricle of the heart using human stem cell– derived cardiomyocytes. We used a dual-material printing strategy with collagen bio-ink as the structural component in combination with a high- density cell bio-ink (Fig. 3A) (15). A test print design (fig. S11A) verified that the collagen pH was neutralized quickly enough to maintain ~96% post-printing viability by LIVE/DEAD staining (fig. S11B). 
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Methods and Materials

Jack Kendall
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Methods and Materials

Jack Kendall

Presenter
Presentation Notes
Handling and pulsatile flow testing of FRESH v2.0 printed collagen trileaflet heart valve. A trileaflet valve 28 mm in diameter is handled after fixation with glutaraldehyde. The valve is capable of sustaining its weight in air and is printed with high enough fidelity to prevent the fusion of the leaflets, allowing for individual actuation. The valve is then placed in an in vitro pulsatile flow loop and imaged using an endoscope. The pressure in the system was lowered to 25/15 mmHg by adjusting the stroke rate and volume to 30 BPM and 30CC, respectively, to approximate the physiologic pressures experienced by the pulmonary valve in vivo.






|| 29-Oct-19 12

Results

Jack Kendall

Presenter
Presentation Notes
Calcium imaging of FRESH v2.0 printed human ventricle during spontaneous and paced contractions. Ventricles were FRESH v2.0 printed using human stem cell-derived cardiomyocytes and adult human cardiac fibroblasts. Shown in sequence are (i) side views of a ventricle during spontaneous and 1 Hz and 2 Hz field stimulated contractions. (ii) Top-down view of a ventricle during spontaneous and 1 Hz and 2 Hz field stimulated contractions. (iii) Side view of blebbistatin treated ventricle during 1 Hz point stimulation with a bipolar electrode followed by an overlaid time delay map of conduction. (iv) Top-down view of ventricle during spontaneous contractions showing two simultaneous wave fronts followed by an overlaid time delay map of conduction. (v) Side view of ventricle during spontaneous contractions demonstrating pinned rotor-like electrical activity followed by an overlaid time delay map of conduction.
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Results

Jack Kendall

 FRESH 3D-bioprinted hearts reproduce patient-specific 
anatomical structures

 Cardiac ventricles printed with human cardiomyocytes 
showed:

 synchronized contractions
baseline spontaneous beat rate of 0.5 Hz, could be paced at 1 
and 2 Hz 

 directional action potential propagation
 wall thickening (at peak systole)

printed ventricle expanded inward and outward during a 
contraction with decrease in cross-sectional area of interior 
chamber during peak systole with a max of 5% at 1Hz

 Electrophysiological behavior
multiple propagating waves and pinned rotors
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Results

Jack Kendall

 FRESH v2.0 printing of collagen can build advanced 
tissue scaffolds for a wide range of organ systems

Now we have the ability to build constructs that start to 
recapitulate the structural, mechanical and biological 
properties of native tissues
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Limitations

Jack Kendall

Bioprinting of a full organ is not possible yet:

Generating billions of cells required to 3D-bioprint large 
tissues

 Achieving manufacturing scale

Creating regulatory processes for clinical translation
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