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Bia3Dmm
Topicos:
Bioimpressao e biofabricacao de tecidos;
Tecnologias envolvidas;
Modelagem e Simulacao Computacional - BIOCAE;
o Simulacao computacional na Biofabricacao;
o Vantagens e Desvantagens;

o Por que Simular? Quando Simular?

Projetos desenvolvidos no Brasil e no mundo sobre




« Cells * Cell selection
* Biomolecules * Proliferation
* Biomaterials » Differentiation
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Cell source Endothelial, iPS/MSC, Osteoblast
Physical P, TWS, viscosity
Chemical Dex, B-Gly
Biological .I “’ VEGF, BMP,

Topography Porosity, fibers

BioCAM
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Stimuli control
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Impressao 3D na Engenharia de Tecidos BiaBDMm
Trabalhos desenvolvidos no CTI m‘éz::.z‘;zda

Informacao
Renato Archer

'?1 a

—
4 b
e )

.: J - - ~ r -
% Producdo de scaffolds rigidos utilizando Bioimpressao de celulas em Hidrogel estruturado
o) biomateriais e materiais sintéticos (suporte).
“"biodegradaveis.
KN ;.,
,’.'"*"""’.'n
o
13



BioSDAtA
O Uso da bioimpressao na Oftalmologia {:‘:‘
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FULL PAPER MATERIALS

www.advhealthmat.de

3D Bioprinted Corneal Endothelium

Ex Vivo Functionality of 3D Bioprinted Corneal Endothelium
Engineered with Ribonuclease 5-Overexpressing Human
Corneal Endothelial Cells

Kyoung Woo Kim, Soo Jin Lee, Soo Hyun Park, and Jae Chan Kim*
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Bioimpressio de Estroma Corneano Bi03DWtW

humano I:’:z‘éza:.zzzda
Informacao

"
- Renato Archer
o -
Na etapa de bioimpressao, o grupo preparou uma "biotinta", que era composta por colageno e
o alginato (hidrogel) contendo ceratoécitos. Apos a bioimpressao, a células misturadas com o
\d " , . . - . e .. ;.
“g“" i colageno (biotinta) exibiram alta viabilidade celular, sendo positiva a estratégia adotada.
" vy :
'; ”‘: : TR 4) The post-printing stage
.;.‘ - 4 \ ' ’ ) B'?"n_ 9a SAie takes place takes place under
b ‘. \ e 3D bu'oprmtmg controlled physiological
‘ c.artrld'ge a.nd corneal conditions in order to initiate
tissue is printed matrix remodelling

T “' 1) A digital model of

,f"“! il the cornea is obtained 2) Biomaterial and cells
otk and the .correspor?ding combined together to
Nk . . 3D printing code is form bio-ink
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008 ;' Isaacson Al, Swioklo S1, Connon CJ2. 3D bioprinting of a corneal stroma equivalent.

W Exp Eye Res. 2018 May 30;173:188-193.
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.-Bioimpressao de Estroma Corneano humano {?,

Informacao
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Os pesquisadores usaram um modelo virtual 3D humano e uma estrutura

de suporte adequada para a bioimpresséao.

Modelo virtual 3D da c¢ornea

Bioimpressio do estroma corneano usando colageno, alginato e células
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Isaacson Al, Swioklo S1, Connon CJ2. 3D bioprinting of a corneal stroma equivalent.
Exp Eye Res. 2018 May 30;173:188-193.



Renato Archer

Handheld 3D printer
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http://www.youtube.com/watch?v=iTQFcm9OjCA
http://www.youtube.com/watch?v=iTQFcm9OjCA
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Signaling pathway




Biomodelagem

) C\< - \

MODELS: 1
Clrcadlan
rhythm ‘
MODELS: 3 .
)\K.

Cell cycle
regulation
MODELS: 44

ik Electrical
H signaling
“““ il o 43\ MODELS: 39 /

e

S»gnalmg
MODELS: 177 etabollsm
MODELS: 121
\
/ MODELS: 71

Transcnptiond / ; \
regulation \
MODELS: 34 | L

Epigenetics
MODELS: 2

Organismal
processes

Transcrlptlon S
MODELS: 0 :
Translation ;
MODELS: 1 (O)Often modeled
(ORarely modeled
Uknown

A blueprint for human whole-cell modeling Szigeti et al, 2018.

Renato Archer

A habilidade de reproduzir as
caracteristicas funcionais e
morfoldgicas de estruturas

bioldgicas em um modelo virtual
[fisico.
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Por que Simular na Biofabricacao?
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LI Organism scale Tissue scale Cellular scale Extracellular scale Intracellular scale
R L (Meters - Centimeters) i (fcn:i{_ncttcr s) (Milimeters) (Micrometers) (Micrometers - Nanometers)
+ Mu gent Systems

R + Agent-based modelin
o' [ :Finite Element, * Noble model, CPM- GGH La d

ST attice Boltzmann + Partial differential cquations * Ordinary Differential Equations
il .- Computational Fluid Dynamics e Fl.nitc Element,MSNS method N oL e Catloiodal - Convective-diffusion xnfutlcls Sm.ch‘asnc {)Ifferentml Equations
- Multi Agent Systems + Ising models, Potts model N Collalar Aatomata - Noble model, Fenton-Karma model, Q‘IMSI—C‘EMIHII.U"I .meﬂmd
- Spatial Compartiments and Projections  ° Sl"‘_"“l .(‘0“‘[’“"“““’“'5 and S GxA multl scale method + Fitzhugh-Nagumo, Hodgkin-Huxley + Convective—diffusion models
Projections
Years Days - Weeks Hours - Days Minutes Seconds

Tissue or Organ 3D Bioprinting Tissue spheroid Cell culture Molecular scale
Fusion, maturation, Stem cells, cell isolation environment Biomolecules, genes,
shear stress, flow rate BioCAD, BioCAM, and proliferantion, pH, temperature, osmotic transcription factors, miRNAs,
-inlet and outlet-, Bioprinter, cell fate specification, pressure, culture medium, proteins, 02, drugs
waste products, pH biopaper, bioink organoids sterility, cytokines/hormones and other molecules
Biofabrication

Dernowsek et al., BIOCAE... 2017



Biomodelos Preditivos de Fendmenos Biol(&l@ﬁpm&m
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g » A proliferacao celular
« A diferenciagéo celular
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A migracéao celular
W'+ Aapoptose celular
A sinalizacao intra e extracelular

. Esferoide de Células Endoteliais
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Quimiotaxia - mudanca de orientacao de
células em resposta a um estimulo quimico




Biomodelos Preditivos de prolongamento BiaBDﬂftW
celular de células endoteliais. xf“'éi:z.zgzda
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VEGF dissolvido

no meio - estimulo

Células endoteliais 100
, - um
(in silico) - 500 células e

Células c'ndoteliais de
cordio umbilical - 500

Fibroblastos - 500




Biomodelos preditivos para a Biofabricac;é&?:"
Bioimpresséo

* Renato Archer

%Dmm

"' /" Comportamento Celular )

o e Bioquimico Simulado
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f@.,”' « Proliferacao celular
e « Vascularizagdo
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B) MCS=0 MCS=100 MCS=300

~500 cells

MCS — Monte Carlo Step
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9 Tissue spheroids Microtissue + angiogenesis

® Proliferating cells - PC




Multiscale Simulation of Hierarchical

B1o EDMEW

Layers of the Articular Cartilage for Biofabrication m

Articular
cartilage
of the Knee <
~ 2-4mm

\

e TN Processos envolvidos
Deep layer — 3 ' «
R | e Coportamento
ot - o mecanico dos
ol condrécitos e das

fibras de colageno tipo

o Deformacao
o Tensao de
cisalhamento

Tensa minima e
maxima



http://drive.google.com/file/d/1p0cR34ztVLNy60kNdzJ_BInDiFxxqyZm/view
http://drive.google.com/file/d/1p0cR34ztVLNy60kNdzJ_BInDiFxxqyZm/view
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-~ Biomodelos Preditivos
Frameworks / Blueprint / BioCAD {:‘}‘
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NG Machine Learning \
Framework

Machine learning and Simulations

3D Tissue

« Desenvolvimento do
tecido dsseo,
Cartilaginoso

Tecido corneano
Muscular,

Hepatico,
Cardiovascular

‘lissuc phenomics
Biomodels

Blueprint / BioCAD
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ot e Uma melhor compreensao dos mecanismos pelos quais as
,. células se comunicam e se diferenciam.
o' ® Modelos computacionais podem e devem ser usados para

9,
;.."' simular sistemas complexos para a biofabricacao de tecidos;
g e O desenvolvimento de plataformas integradas para a area
\j," bioldgica e médica é crucial para a evolucéo tecnoldgica
S atual;
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':{:" U Evitar os custos excessivos na

«f’ experimentacéo, no tempo de trabalho e

@‘ principalmente a diminuicao de animais nos
‘ ensaios biologicos.

.,,.::' - Janaina Dernowsek, PhD

el ,f janaina.dernowsek@cti.gov.br / jadernowsek@gmail.com



