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Apresentacao

€ O que é Biofabricacio?

* Cells * Cell selection

* Biomolecules m » Proliferation

» Differentiation

* Biomaterials . .
Engineering « Hanging-drop

* Cell sorter

* First (Scaffolds) . Bibfab !’.i_'c_ ation . Et-lcap.sulator
*» Second (Tissue Spheroids) —-(St - ) * Bioprinter
* Third — Hybrid (TS+S) rategies » Bioreactor
* Microfluidics devices
. L \.
* Tissue Spheroids | Bioprinting » Cells
. I_tnaging > Optmization
. ini - * Interoperability
. ?dtt:e?;;zmg nformation * Design and blueprint
« Simulation = Addi(tive manufa)cturing
3D printing

“a producdo automatizada de produtos bioldgicos funcionais Dernowsek et al., 2017
com organizacao de células, moléculas bioativas, biomateriais
ou agregados celulares, atravées da técnica de bioimpressao”

Groll et al., 2016
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Apresentacao

.{ /L
T0 que é Biofabricacao?
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a Apresentacao
{ Motivacao

Uso de animais
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Apresentacgao

g Por que Simular na Biofabricacao?

Novos insights Tegggg
Maior conhecimento 57
Uso de Animais

BIOPRINTER
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S : | Apresentacao

Por que Simular na Biologia?

« 3.7%0.8x 103 cells - 370.000.000.000.000
« 200 different cell types

bone marrow cells 2.4% hepatocytes 0.8%
adipocytes 0.2% —4 v
lymphocytes 1.6%

platelets 4.7%

V = 1000 - 10000 Pm5 erythrocytes, 84%

26+3x10'2 of 31+6x10'2

M = 100 kg

~ 4012 =11
m= 1 O 1 O kg total human cell count biohchial
endothelial
cells 0.5%
i ) vascular
epidermal endothelial
cells 0.4% cells 1.9%
dermal muscle cells other respiratory
M 100 kg fibroblasts 0.6% 0.0003% 2% interstitial cells 0.4%
Nz — = - 1013_1014
~ m - -12 -11 - Figure 2: Estimate of the number of cells in an adult
1 O = 1 O kg human divided by cell type. Each cell type in the human

body is represented as a polygon with an area
proportional to the number of cells. The dominant
component is red blood cells. Based on data from R.
Sender et al., in preparation, 2015.
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Apresentacao

gQuando Simular?

Complexidade do sistema

Needs
for research

Complexity of the solution

More natural solution

Dernowsek et al. 2017
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s Objetivos

Inicio Biofabrica¢io Bioimpressio Biologia Computacional Trabalhos Amigos da Pesquisa Blog Anuncie aqui Contato Members

Platafomorma Sistémica

O objetivo principal deste
projeto é desenvolver TOROnRES Cafli="Tecldl
uma plataforma
sistémica de analise por
simulacao visual e
interativa que suporte
0s pesquisadores no
planejamento
experimental de tecidos
e 6rgaos, visando a
biofabricacao.
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Step

Step

Step

Abordagem Metodoldgica

Data collection (Bio) information

SBML

Biological databank

i : l

Data minir‘g Intracellular Interaction Emdmoment WEKA 5 PATTERNS:=.
: 3 Energy Production The University T 1) ol
Analysis Extracellular 1 el NG
Network

L. )

Phenotype profile

f 1

Rhinccerow

Modeling Biomodels Interaction : -y Micro CT
- modeing Gsitirei oreconsrucion  [INVESALUS <
maging (tissue and organ) I of Tissues/Organs RGN |

§ J

3D Models Settings

¥ ]

Simulation Mult-Agent Systems
ODE - SDE - PDE - Interaction e : P — ]].l “
Integration MAS — MC - CA— — g CompuCell3D g e g
i LB - FEM - CPM | 3 : sevam S
Analysis Integration oo <o

3D Tissues Models

\

Optimization ' 3D files Optimization Interoperation

Iitaroparaton 30 virtuol Interaction cells, molecules, 07 ‘ 3D printing
Biomodels . E X, Y, 2, time, B & : flles
precision... %

L )

e

f 1

3D printing 3D Tissues
) 3D Biomodels 3 Database )a 'N‘ESAUUS
Analysis
(3DTD) ST PR RIS

A J

\.{
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Abordagem Metodoldgica
‘ Métodos usados para a Simulacao na Biofabricacao

gy EE

Rhinoceros’

NURBS modeling for Windows

e VIII, Seminario em Tl do PCI/CTI - Marco/2017 o SENCIATECNOLOGIA a&\_



Abordagem Metodoldgica

‘ Métodos usados para a Simulacao na Biofabricacao

VI

Systems Biology Markup Language

Mathematical models are key in studying the

behavior of biological systems

SBML:Model "BIOMDOCCOD00CE2"

= m

world of

mn o lized b
SBML:Compartment “Call has part rea(:\ely‘) Y l
3 is part of
represents X
cellin werdd o GO:
heterofrimeric
G-protein
complex cycle
h
SEML:Reactions isa:a’l’ta?f
SBML:Reaction GTP part of cell In world of
GTP kinding to DRG BIOVID0000000082
has function
SBML:Parameter =
has input function
| :
lized
GTP Binding in world of ) rea(::y]by
BIOMDO000OOODE2 [
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Abordagem Metodoldgica
g Métodos usados para a Simulacao na Blofabrlcagao

CC
=D

d de rm(UPE)
Estudos in silico de fendbmenos multicelulares na escala

molecular, celular e de tecidos, baseados em observagdes biologicas de
comportamentos e interagdes de células, tais como adesao, crescimento,
morte, mitose, secre¢cdes de quimicos...

Plugins: Modulos que calculam variagdes de energia ou monitoram
eventos na rede celular 2 Python

Steppables: modulos que executam operagdes em células, ndao em pixels.
Como por exemplo, ajustam parametros em resposta a eventos da
simulacdo, carregam condig¢des iniciais de simulagao e salvam
resultados. Sao chamados a cada MCS.
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Abordagem Metodoldgica
‘ Métodos usados para a Simulacao na Biofabricacao

( ga/;m fa/(a/a/(a ,7 > Monte Carlo Steps (MCS)

 Modelo matematico preditivo de fendmenos da
natureza.

1 passo MC = N tentativas de troca de pixels

* (N = numero de pixels na rede celular)

* Baseado em Calculo de variacao de Energia (AH):

Copia um pixel escolhido aleatoriamente, e o coloca Tl
sobre um de seus vizinhos (também aleatdrio) alalalala]a
sobrepondo a copia ao antigo. Se esta nova 414lal4]afa
configuracao diminuir a energia total do sistema, Detilofcllattice, 4 {41 ¢ Tyl sl ¢
entdo a troca € aceita. Caso contrério, ela pode ser 7|alal7|7]|7
aceita com uma probabilidade calculada : : : _j_’ ; :

utilizando constantes matematicas.

MINISTERIO DA
N a&\.

INWACOES E COMUNICAC&ES




[ I _ - Abordagem Metodoldgica
? Métodos usados para a Simulacao na Biofabricacao

Scaffolds

Outflow

FSI Interface

Rhinoceros’

NURBS modeling for Windows

Inflow

4
=
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Abordagem Metodoldgica
§ Métodos usados para a Simulacao na Biofabricacao

Dinamica dos Fluidos




- - Abordagem Metodoldgica

Método dos Elementos Finitos - MEF
Dinamica dos Fluidos - CFD

Solver || Analysis
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Resulta

iComputational approaches for biofabrication of

Tissues > Angiogenesis
Endothelial cell spheroids as a versatile tool to study angiogenesis in vitro and in silico

VEGEF dissolvido
no meio - estimulo

Células endoteliais
(in silico) - 500 células

Py N 1

a : h“ » .’: N :

| ,\ > e s

~ Células endoteliais de
corddio umbilical - 500

Fibroblastos - 500
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Resultados

: Angiogenesis - formacao de redes vasculares

Parametros de energia entre as células e o meio - diferente

VEGF1
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Computational approaches for biofabrication of
tissues = Angiogenesis + Proliferating cells




Resultados

g 3D Multi-Cell Simulation of Tumor Growth and
Angiogenesis

Glucose




Resultados

iHemodynamics in artery bypass grafts models based
on computational fluid dynamics simulations

Images from Computed Tomography Bypass Models

Vascular branches selected
in the Rhinoceros®

INNESALIUS

SOFTWARE PUBLICO DE IMAGENS MEDICAS

3D reconstrution in the InVesalius

graft-artery graft-artery
anastomosis - angle 66° anastomosis - angle 25°
(Model 4) (Model 6)

Normal vascular branches

(Model 1) .,
N graft-artery
[d anastomosis - angle 25(1)

(Model 6)

Stenosis models

Artery stenosis - Artery stenosis - §
concentric model irregular model

(Model 2) (Model 3)

graft-artery graft-artery
anastomosis - angle 66 anastomosis - angle 66
(Model 7) (Model 8)

MINISTERIO DA
encin TEcoLogs, AR AN

cl
INOVAGOES E COMUNICAGOES 0Vt rno rriorant




Concentric
stenosis

Normal

Velocity i e Velocity
— 1393 — 1393

i Irregular
1045 1/ stenosis e

697
348

0




[ Y— S : Resultados

t Computer simulation - Stenosis and Bypass graft models

Velocidade Tensido de cisalhamento Pressao
na parede
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- Resultados

Modeling and Simulation of Diffusion Process in
Tissue Spheroids Encaged into Microscaffolds

(Lockyballs)

Dermowsek J.A . ? Rezende R_A . 2 Passamai V. E_. @ Noritomi P.Y . . Kemmoku
D.T., * Noguewra J.A ., ? Lara V.F., ® Vilalba F.A .. ® Mironov V., ? da Silva
JIJVvVIiI. . *2

Dernowsek et al., 2016

(D)
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,, Resultados

Available online at www.sciencedirect.com

ScienceDirect

ELSEVIER Procedia CTRP 00 (2015) 000—000

The Second CIRP Conference on Biomanufacturing

TISSUE SPHEROIDS ENCAGED INTO MICROSCAFFOLDS WITH INTERNAL

STRUCTURE TO INCREASE CELL VIABILITY
J.A. Dernowsek **, R.A. Rezende **, V.E. Passamai *, P.Y. Noritonu *, D.T. Kemmoku ? J.A. Nogueira *, V.F. Lara *

V. Mironov *>*_ J'V.L. da Silva ?

Tissue Spheroids - Applications Limitations in the spheroids

Global Coordinate System
Time: L
28/05/2015 13:58

Mechanical Oae

-L0817e-6
2,1635¢-5

’ ’ Stress 324526
, 432695

¢ Investigate cell-cell interactions
® Models for tissues and organs

-5,4086e-6
-6,4004e-6

CO: -1,5721e-6

-8,6538e-6

e Applications in bioreactors
¢ Transplantation micro-tissues

-9,7356e-6 Min

e Models to study disease progressio Cell wast

¢ Investigate micro-tumor environment

¢ Tissue engineering of complex shapes

. i
. . . . " o Deformation Global Coordinate System
e More in vivo like, reduce use of animals Necrotic region 1,08,‘10-6!““ - . L
150,00 450,00 1442,6 Max
112
801,36
480,75
160,15

-160,46
-481,06
-801,67
11223
-1442,9 Min

Deformation
1442,0 pm

0,00 300,00 600,00 (un
[ SS——  SSS—
150,00 450,00
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Resultados

(F
Multiscale Simulation of Hierarchical Layers of the
Articular Cartilage for Biofabrication
( Articular surface area - - ((‘:;‘;‘:::x\x‘c
Intermediate layer -
Articular !
cartilage Deep laver— L't
of the Knee < e .
~ 2-4mm
Tidemark i
L Calcified layer— |

l.s

Spongy bone —
Subchondral bone /|-
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() Resultados
L 1 Multiscale Simulation of Hierarchical Layers of the

Articular Cartilage for Biofabrication

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mam

Time: 1

0,024558 Max
0,02183

. 0,019101
0,016372
0,013644

== 0,010915

= 0,0081861
0,0054574
0,0027287

0 Min

-,

i MINISTERIO DA
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0,000 0,020 0,040 (mm)
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L Conclusoes
* Uma melhor compreensao dos mecanismos pelos
quais as células endoteliais se organizam em
novos vasos sanguineos é crucial quando visamos
a regeneracao tecidual;

* Modelos computacionais podem ser usados para
simular sistemas complexos para a biofabricacao;

* O desenvolvimento de plataformas integradas
para a area bioldgica e médica é crucial para a
evolucao tecnologica atual;

Evitando o uso de animais e custos
excessivos com experimentacao

............
wwaz%\.
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$ Perspectivas

Toponomics Célula - Tecido

£

¥ Rede de comunicacao celular

; &

!
Integrated
platforms

Tecido - Orgao
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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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