3D Bioprinting of tissues and
organs new technologies aimed
at medicine 4.0

Biologization of Technology and Manufacturing

Janaina Dernowsek, PhD

r:‘;..’“ Reseacher at CTI Renato Archer B,i a ﬂ/t ﬂ/

K]
“;“.:".. www.biofabricagdo.com Founder
U . . . .
' ,‘;,' jadernowsek@gmail.com bio3data@gmail.com



Topics

e Biofabrication: e Challenges;

e Bioprinting; e Bioprinters;

e Technologies; ¢ Companies;

e Applications; e Bioprinting Projects at the CTI

Renato Archer and in the world.

IN VIO HANGING [J  LAYER-BY-LAYER )
| DEPOSITION MATURATION @ APPLICATION

CULTVRE prop

_‘_—'_

i A

stem CELLS

SPHEROIDS

ORGAN

BIOPRINTER BIOREACTOR



LAYER-BY-L
DEFOSITION

What is Biofabrication and 3D Bioprinting*

The term biofabrication is used for tissue engineering and 3D printing as
R “the automated generation of biologically functional products with the
structural organization from living cells, bioactive molecules, biomaterials,

(T cell aggregates or hybrid cell-material constructs, through Bioprinting or
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- What is Biofabrication and 3D Bioprinting? —Y
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And Bioprinting....
“the automated generation of cell-comprising structure through the
spatially-controlled deposition of cells and/or cell containing
materials in user defined, geometric patterns”
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Bioprinting processes

Today
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Bioprinting processes

In silico

Next steps
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Interrelation between areas
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Bioprinting is a multidisciplinary integration technology
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Types of Bioprinters

inkjet laser extrusion
A Inkjet Bioprinting B Laser Bioprinting é Extrusion Bioprinting
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Applications of Bioprinting

Tomorrow

Bioprinting of Bioprinting of
tissues for tissues for
Education g ™ Medicine

Drug ' Cosmetics

testing AASRullnres testing
the use of

animals

In the future

Bioprinting of
organs for
transplantation
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suffered
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Medicine 4.0
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Bioprinters and Bioproducts Companies
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Bioprinters and Bioproducts Companies

organ{ivo

Organovo is a biotech company that has developed a
leadership position with its revolutionary ability to bioprint
tissues.
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Projects at the CTl Renato Archer - Brazil
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5 ,,‘:‘ study the extrusion process and the
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. Projects at the CTl Renato Archer - Brazil
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Bioprinting technology in ophthalmology

Bioprinting of corneal endothelium
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- Bioprinting technology in ophthalmology

Kyoung Woo Kim - Ex Vivo Functionality of 3D Bioprinted Corneal Endothelium
Engineered with Ribonuclease 5-Overexpressing Human Corneal Endothelial Cells.
Adv. Healthcare Mater. 2018, 1800398

R5-Graft Normal Control

In conclusion, the biofabricated corneal endothelium with
ECs modified easily survives and functions as corneal
endothelium in vivo.



Bioprinting technology in ophthalmology
Bioprinting of corneal stroma equivalent

1) A digital model of
the cornea is obtained
and the corresponding
3D printing code is
exported

Collagen + alginate

3) Bio-ink loaded into

3D bioprinting
cartridge and corneal “ -
tissue is printed § o

4) The post-printing stage
takes place takes place under
controlled physiological
conditions in order to initiate
matrix remodelling

2) Biomaterial and cells
combined together to

form bio-ink
+
N D
’ AN Hydrogel +
%‘ corneal keratocytes

Isaacson A, Swioklo S, Connon CJ. 3D bioprinting of a corneal stroma equivalent.

Exp Eye Res. 2018 30;173:188-193.



.+ Bioprinting of corneal stroma equivalent

: Keratocytes exhibited high cell viability both at day 1 post-printing (>90%)
AL and at day 7 (83%)

*,"9.'." One of the limitations of extrusion bioprinting is the generation of shear stress-induced cell
P deformation at the needle wall and which is diminished by the use of low viscosity bio-inks
iy to which low air pressures can be applied.

E’,!;".‘%‘Q"; Isaacson A, Swioklo S, Connon CJ. 3D bioprinting of a corneal stroma equivalent.
03 Exp Eye Res. 2018 30;173:188-193.



Bioprinted Human Skeletal Muscle Constructs

© These results show that the () Printed Non-printed

/. « Dbioprinted organized muscle
RO structure can accelerate the
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filaments of hydrogel. Restoration, 2018.



Bioprinting and microfluidic for
Cardiac Tissue Engineering

The group obtained a 3D cardiac tissue
compose of IPSC-derived CMs with a high
orientation index imposed by the different
defined geometries and blood vessel-likg

shapes generated by HUVECs

The constructs were made with
this composition:

Human Umbilical Vein
Endothelial Cells (HUVECS)

Induced pluripotent cell-
derived cardiomyocytes
(IPSC-CMs).

Alginate and PEG-Fibrinogen
(PF) and extruded through a
custom microfluidic printing
head (MPH)

~ Maiullari F. et al., A multi-cellular 3D

|

*  Engineered
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bioprinting approach for
vascularized heart tissue
engineering based on HUVECs and
IPSC-derived cardiomyocytes,
Scientific Reports, 8 2018.



Challenges

Integration Engineering x Life Sciences;

To understand the regulatory networks of cells and tissues;
Development of new “Blueprint/BioCAD" for bioprinting;
Development of scalable technology for biofabrication millions
uniform tissue spheroids;

Development of integrated operational system integration of the
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bioprinters (special software-hardware);
Development of new bioreactor: 7

Development of in situ bioprinting;
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Development of bioprintable biomaterials;

Laws and regulations — * Safety + Security
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