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Topicos:
 Conceitos da bioimpressdo e biofabricacao de tecidos;
 Tecnologias envolvidas;

* O papel da tecnologia da informagado na bioimpressao de
tecidos;

* Projetos desenvolvidos no Brasil e no mundo sobre
bioimpressdo de tecidos.

* Medicina 4.0 — contribuicdo significativa da bioimpressao
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Ntcleo de Tecnologias Tridimensionais (NT3D)
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Fluidodinamica do
escoamento no

interior de vasos
sanguineos e
| vélvulas
| cardiacas.

Modelagem e
simulagdo de

fenémenos

~ biolégicos —
A ' Angiogénese e
vasculogénese.

{ CTI Renato Archer - Aplicacoes

p Modelagem e

® simulagdo de
fenémenos
biolégicos duran
& o crescimento
celular.

Simulagdo

! R microestrutural de

A L\ componentes bioldgicos
D) do tecido osteocondral

(colageno e condrécito).

Scaffolds e Bioimpressao

Medical Imaging
Anatomical modeling
and customization

190 bromecans ca para
mm cotos 1nN qmmum

Orthoses
Prostheses

Anatomical |
models
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g No Brasil - CTI Renato Archer

InVesahus 3.1

Software livre para L

reconstrucao de imagens k\
provindas de equipamentos [#g

de tomografia é
computadorizada ou -

’

ressonancia magnética “ SOFTWARE LIVRE
) L BDE IMAGENS MEDICAS

https://lwww.cti.gov.br/pt-br/invesalius
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CTI Renato Archer - Aplicac¢oes

Fluidodinamica do
escoamento no
« interior de vasos
i sanguineos e
valvulas
cardiacas.

Modelagem e
simulagao de
. fenébmenos
- « biolégicos —

AL /" Angiogénese e
vasculogénese.

Modelagem e
simulagao de
fenbmenos
biolégicos durante
o crescimento
celular.

Simulagdes
das
propriedades
reolégicas
durante
\ a bioimpresséo.

Impresséao de
suportes
3D(scaffolds)
para a
medicina

regenerativa.

Fluidodinamica computacional de
fendmenos biolégicos durante o
desenvolvimento de um
microtecido construido.

1/8 CAD
Geometria 3D (CAD) do
microtecido dentro de um

biorreator, envolvido pelo fluido

externo e a agulha de perfuséo.

O gradiente de cores
mostra a diferenga
de temperatura no

log

Whole CAD

O gradiente de
cores mostra a
diferencga de

Simulagao : ; o
microestrutgural de tecido, simulando -
componentes bioldgicos um metabolismo ) cnsalhadmento
i . geradas no
do tecido osteocondral tecidual. ) n?icrotecido.
(colageno e condrdcito).
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b Impressao 3D na Engenharia de Tecidos
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g Engenharia Tecidual, Biofabricacao, Bioimpressao e

Tecnologia da Informacao

* Cells
* Biomolecules
* Biomaterials

» First (Scaffolds)
* Second (Tissue Spheroids)
* Third — Hybrid (TS+S)

* Tissue Spheroids

* Imaging

* Data mining
* Modeling

* Simulation

» Cell selection

m » Proliferation

~ " » Differentiation
Engineering « Hanging-drop

* Cell sorter

Biofabrication' Sty
= e * Bioprinter
(Strategles) * Bioreactor
* Microfluidics devices
* o \o
Bioprinting * Cells
* Optmization
” * Interoperability
nformation * Design and blueprint
Technology * Additive manufacturing
: (3D printing)

Dernowsek et al., 2017
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Tecnologias 3D, Tecnologia da Informacao e

Solidworks

Pro-engineer
Google Sketchup
I I Inventor I |

L] [ ] ~
Biofabricacao
Idea CAD-design Printer Software Idea = Reality
Slice in layers Print
FreeCAD All in one package to handle .STL files and control the printer

Virtual Physical

Acquisition of
3D patient
model

I‘;E‘ MRI

BioCAD - Design 3D Bioprinting

Post processing
Bloreactor

,0@ %

Antes do Biorreator
|
J‘ \5
. "R

A
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¢ Bioimpressao

Bioprinting is a computer-aided robotic layer by layer
additive biofabrication of functional living
human organ constructs

o - " The bio-ink:
v. T cell aggregates
vy vy ¥ The cartridge:
A LU ‘ TS container
e The bio-paper:
A d i gel
- | — The printer:
BRAZIL
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http://www.youtube.com/watch?v=ok5EjiFZ5_Q

[

& Motivagoes

Life expectancy, years

Uso de animais para
teste de drogas e
cosmeéticos

2010

2000
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g Potencial de Mercado

IDTechEx

3D Bioprinting 2018-2028:
Technologies, Markets, Forecasts

Opportunities in cosmetics and consumer product testing, drug development
and regenerative medicine

By Dr Nadia Tsao

Copyright & IDTechEx. Use in accordance with distribution licence | www.IDTechEx.com

A IDTechEx prevé que o mercado global de bioimpressao atinja um valor
de US $ 1,9 bilhao até o ano de 2028. |
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{ Etapas da bioimpressao

Pre-Processing

(CAD, Blueprints), Pre-conditioning

Step 1
Imaging

Step 2
Design approach

Step 3
Material selection

Step 4
Cell selection

Step 5
Bioprinting

Step 6
Application

Biomimicry

Natural polymers

ECM

Differentiated cells

Plurpotent stem cells

Microextrusion

Multipotent stem cells

Laser-assisted

Maturation

Implantation

In vitro testing
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i Etapas da Bioimprésséo
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[y
x Outlook

*Small scale
i ' - *Lobes
tissues *Microtissues ! Vlneaiad
, . Il organs
Today 19 Discovery «Implants oPrlggﬁz of Wi Fullorg
* Toxicity testing
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g Biofabrication and the relationship between
complexity and nature of the solution

Needs
for research

In vivo
tiSsue printing

Complexity of the solution
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“BioFerramentas”

Extracellular space a

3. Héf;::x:t'm & _>; Eluid flow Primary cilium
nronent}de é (Delaine-Smith etal., 2014)
sy \ e Glycocalyx
Ty on ol lon channels (Reilly et al., 2003)
ascorbicadid 4 Assembly of three modified chains °e (Walker et al., 2000) -
L

AF

Connexins Cytoskeleton
i (Klein-Nulend
(RUtZ,I(')‘OZ;' o et. al, 2012)

»
L~

><__|I| Integrins
_ }‘: (Duncan and
Turner 1995)

Il. Hydroxyapatite
secretion

, ] -
5" ”mg%&/ :;leavage o .1.'l|.. Mineral deposition ////// /// / Matrix strain
//////////////////////////

L . within collagen network
* 9. Fibril formation

7. Procollagen secretion

; 10. Aggregation of collagen flbrlls via

crosslinks to form a collagen fiber

| COLLAGEN ASSEMBLY |
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g Conhecimento multiescalar

i

2.
L)
)
e

-
-

/

Nanoscale
. Microscale
«
' Microscale

'\ Mesoscale

Macroscale
Dernowsek et al

., 2017

Dernowsek et al., 2018
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Organism scale

(Meters - Centimeters)

+ Finite Element,

+ Computational Fluid Dynamics

+ Multi Agent Systems

- Spatial Compartiments and Projections

Years

Tissue scale
(Centimeters)

+ Multi Agent Systems

+ Noble model, CPM- GGH

- Finite Element,MSNS method
+ Ising models, Potts model

+ Spatial Compartiments and

Projections

Days - Weeks

+ Agent-based modeling

* Lattice Boltzmann

* Monte Carlo model

* Cellular Automata

* CxA multi-scale method

Cellular scale
(Milimeters)

Hours - Days

Fusnon, maturatlon,
shear stress, flow rate
-inlet and outlet-,
waste products, pH

o

3D Bioprinting

BioCAD, BioCAM,
Bioprinter,
biopaper, bioink

Tissue spheroid
Stem cells, cell isolation
and proliferantion,
cell fate specification,

organoids

Extracellular scale
(Micrometers)

« Partial differential equations
« Convective-diffusion models
+ Noble model, Fenton-Karma model,
+ Fitzhugh-Nagumo, Hodgkin-Huxley

Minutes

Cell culture
environment
pH, temperature, osmotic
pressure, culture medium,
sterility, cytokines/hormones

Biofabrication
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Intracellular scale

(Micrometers - Nanometers)

* Ordinary Differential Equations
+ Stochastic DIfferential Equations
* Quasi-continuum method

* Convective—diffusion models

Seconds

Molecular scale
Biomolecules, genes,
transcription factors, miRNAs,
proteins, O2, drugs
and other molecules
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Bioimpressoras
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& Bioimpressoras

3D Biotechnologies Solutions

Resolution:
3D Biotechnologies Solutions « 5um Layer thickness (z)
Resolution: «10 pm (X,y)
Brasil ——— R$ 30.000
*50um Layer thickness (z) . « Pronterface e Slic3R/Cura
*100um (X,y) OPEN-SOURCE PROGRAMS
*R$ 13.000
-OPEN SOURCE PROGRAMS

INSIDE 31 PRINTING
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& Bioimpressoras

© INRREdIbLE -

BIO X 3D BIOPRINTER BIO X 3D BIOPRINTER

CELLINK CELLINK

Suécia Suécia

Resolution : Resolution :

« 1um Layer thickness (z) « 50um Layer thickness (z)

* Tpm (x,y) * Tpm (x,y)

« 11,840 - 21,840 USD" | « 40,840 USD

INSIDE 31 PRINTING
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& Bioimpressoras

Allevi 2 Bioprinter
Resolution:

EUA

*5um Layer Thickness (z)
*5.5um (x,y) 150

* 150um Print Resolution
«~ 5,000 USD

Allevi 2 Bioprinter
EUA

Resolution :

*1Tum (x,y, z)

? um Print Resolution

BRA
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& Bioimpressoras

% r3bEL X

r3bEL X BIOPRINTER

SE3D
r3bEL MINI BIOPRINTER SUA
SE3D Resolution:
EUA _ * 150 uym Layer thickness (z)
Resolution: OPEN-SOURCE PROGRAMS

BRA
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¢ Bioimpressoras

Tissue Scribe Gen. 3

Aether Biopirnter 3DCULTURES
Aether EUA

EUA Resolution:
Resolution: * 0.1mm (X, y)

« Tum (X, y) * 0.04375mm (2)
* 0.43 nm (2) . O 1 O 2mm

{ BRAZ|L 4
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¢ Bioimpressoras

3D-Bioplotter

EnvisionTec BIOASSEMBLYBOT
Alemanha Alemanha
Resolution: Resolution:

*1um (X,y,2) *1um (x,y,z) |
«? um Print Resolution «? um Print Resolution
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¢ Bioimpressoras

Invivo

3DDiscovery™ platform

REGENHU LTD INVIVO Standard

Suica ROKIT

Resolution: +-5um Koreia

Melt Electrospinning & Bioprinting Resolution:

technology convergence . Extruder 200 uym / Dispenser 80
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€ Bioimpressoras

RX1 Biopirnter

Aspect Biosystems Ltd
Canada

Resolution:

«0.1mm (X, y)
*0.04375mm (2)
*0.1-0.2mm

«1,099 USD

BRA
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3

Parametros presentes nas Bioimpressoras

¥ Y7 77

EXTRA HEATED THERMOPLASTIC COOLED INK-JET SYRING PUNMP PHOTO CURING HD CAMERA
PNEUMATIC HEAD  FILAMENT EXTRUDER PNEUMATIC HEAD PRINT HEAD PRINT HEAD TOOL HEAD TOOL HEAD
UV light
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g Computational approaches for biofabrication of
tissues — Angiogenesis + Proliferating cells
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Projetos desenvolvidos no mundo
sobre bioimpressao de tecidos
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[ ) R
& Cientistas BRITANICOS imprimem as primeiras
C()rneas humanas Abigail Isaacson, StephenSwioklo, Che J.Connon, 2018

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

3) Bio-ink loaded into
3D bioprinting
cartridge and corneal
tissue is printed

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

2) Biomaterial and cells
combined together to
form bio-ink

N D
S
$A$’

Collagen-based bio-ink containing
encapsulated corneal keratocytes

BRA
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¢ 3D printing: Human skin is now being printed in

labs

Del‘mls — 4 ' ?' r)'}‘&,‘ r-\g:‘)d ",‘f" ’-.:-"P_‘
ol &' : LAY ) A Qr ," )
&% et i "'—?a
= ' &( s se M aYe f§0 < g
Human skin 3D Bioprinted skin

Comparison of optical microscopy images of equivalent slices of normal human skin and printed skin after 26 days of
culture. The tissues were stained with Masson’s trichrome. DE]J, dermoepidermal junction.
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INSIDE 741 PRINTING

E O N F E R E N B E E X P O




% Handheld 3D printer

‘A8
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http://www.youtube.com/watch?v=iTQFcm9OjCA

3D Printing Blood Vessels

 Scientists are developing
tflexible materials to 3D
print blood vessels




3

Human skin cells are Stem cells, able Triggered by
placed in a dish with to transform the special
four genes whichmake  intoany cell within = solution in the dish,
them reverttostemcells = thebody,growin  twolinked spheroids
- thedish for 60 days = are created, each
i . measuring about
St ‘W@ . one sixteenth of an
O m - inch across
7/

They contain neurons

from the forebrain and
cerebral cortex - the decision-
making centre of the brain -
which make connections and
form circuits, just like
those in a baby
after six months
m the womb

After more than

nine months, a
separate scientific
team are able to create a
mini-brain with its own
lab-grown retina - which
reacts to light like a human eye

Cross section of a brain organoid cultured for three
months in Paola Arlotta's Iab in Harvard University's
Stem Cell and Regenerative Biology department
Photo credit: Giorgia Quadrato, Arlotta Lab

!

Using 3D bioprinting to produce mini-brain

Han and Hsu, Neural
Regen Res, 2017

Neural progenitors

(denved from NSCs, MSCs
or fibroblasts) ascular progentors
o]
.... ° ..
o' ° ee

Bioink compatible to neural
and vascular cells
P

\;.'.*"f’

o ‘ Growth factors

Customized constructs
: !u & ¢
. . - Mecod il bicik — ‘ — 3D Bioprining —> *OE—/

I

Culture

Self-assembled mto
cellar spheroids

Ry
"fﬁ; N

¥ concentric

Cellular spheroid generated by the
CS-based substrates (from Hsu et al

2014)

Mini-brain construct formed by the
saparated neurovascular spheroids
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ABOUT ~ SCIENCE & TECHNOLOGY ~ TISSUES & SERVICES ~ PARTNERSHIP ~ CAREERS INVESTORS ~

ExVive™ Human
Tissue Models &
‘ Services for Research

3D Human Tissues for
Medical Research &
Therapeutics

THERAPEUTIC TISSUES

T OMORROW

TISSUE TESTING SERVICES

T ODAY



§ organtivo

Tissues from throughout the body
Organovo technology has bioprinted successfully

Commercialization
Late 2014




Aspectos legais, éticos e sociais ??




5 Por que ainda nao temos 6rgaos funcionais
“bioimpressos”?

Integration Engineering x Life Sciences;

Development of new bioreactor for 3D bioprinted tissues;
Development of bioprintable biomaterials;

Development of "blueprint" for bioprinting of 3D human tissue and
organs;

Development of new STL file-free function representation based CAD
software for digital bioprinting;

Development of scalable technology for biofabrication millions
uniform tissue spheroids.

Development of integrated operational system integration of robotic
bioprinters (special software);

Laws and regulations.

COA A A AAAl
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g Industry 4.0 ¢ Medicine 4.0

o> @
A ':"o,'
P\ Yy
Optimizati > Sag
ptimization QR ,00

Intelligent system

Complex Systems
=4~ = e

Complex Systems Biofabrication
Engineering Line
(CSE) Security
o THINGS” ¢ S Phy51cal .! elemedicine
2T _ o~ B¥ “@ System (CPS) Nanotechnology
1

i' ! Information Tissue Magnetic
. 2 technolo IT _Englgeenng resonance
— l.h gy (IT) [l!i!QP!!!!P_'!!g;. imaging

omputer Biofabrication: Pacemaki

Omics A
technologies S

Complex

1300 194001050 8193012020

Future®202032003
Medicine

Industry Industry Industry Industry AU Medicine Medicine Medicine
1.0 2.0 3.0 4.0 3.0 2.0 1.0

Dernowsek et a—b.,»Zk



‘ghttp://www.biofabricacao.com

§ 7T Biofabricagio Bioimpressio Biologia Computacional Trabalhos Amigos da Pesquisa Blog Anuncie aqui Contato Members

Biofabricacdo

Biofabricagdo representa um
conjunto de técnicas e
métodos da engenharia,
biologia, medicina, quimica,
fisica, computagdo, ciéncia
dos materiais, entre outras
disciplinas, visando a
construgdo e reconstrugao de
estruturas tridimensionais
biologicas que atuardo no
tratamento, na restauragao e
estruturagao de tecidos e

orgaos.
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g Thank you for your kind attention!
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