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e Por que Simular na Biofabricacéao e
Bioimpressao?
A simulacao computacional € uma das ferramentas que pode ser

utilizada para a aquisicao, organizacao e construcao de
conhecimento.
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Computational and mathematical methods to study complex
models at several levels of biological organization

Organism scale Tissue scale Cellular scale Extracellular scale Intracellular scale
(Meters - Centimeters) (Centimeters) (Milimeters) (Micrometers) (Micrometers - Nanometers)
* Multi Agent Systems ST Agent hared taodeling

« Finite Element, * Noble model, CPM- GGH e B et . l‘.-rihl differential cquations (.)rdln-r_v Differential l':t‘luullolu
+ Computational Fluid Dynamics + Finite Element,MISNS method - Monte Carlo model « Convective—diffusion models Stochastic DIfferential Equations
« Multi LS + Ising models, Potts model . * Noble model, Fenton-Karma model, * Quasi-continuum method
Agent Systems < Cellular Automata : v - X B o
+ Spatial Compartiments and Projections A ﬁl::ltlal C::tpurtlmh and Al scale eanthod « Fitzhugh-Nagumo, Hodgkin-Huxley onvectiv usion models
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, O2, drugs

waste products, pH biopaper, bioink organoids sterility, cytokines/hormones and other molecules

i Biofabrication
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e Métodos usados para a Simulacao na Biofabricacéao
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Systems Biology Markup Language
Mathematical models are key in studying the
behavior of biological systems
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e Métodos usados para a Simulacao na Biofabricacao

SO O

Estudos in silico de fendbmenos multicelulares:

Urethral plate
endoderm (UPE)

Excluded
UPE

e molecular, celular e de tecidos, baseados em observacdes biologicas de
comportamentos e interacdes de células, tais como adesao, crescimento,
morte, mitose, secrecdes de moléculas...

Plugins: mddulos que calculam variacdes de energia ou monitoram eventos na
grid virtual
Steppables: modulos que executam operacdes em células, ndo em pixels.

Configura os parametros em resposta a eventos da simulacéo; carregam
condicOes iniciais de simulacao e salvam resultados.
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e Métodos usados para a Simulacao na Biofabricacéao

( Cono D[“""W’*’“ 7 3 Monte Carlo Steps (MCS) J

Modelo matematico preditivo de fenOmenos 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):




e Casos 1. Angiogenesis

VEGF dissolvido
no meio - estimulo

Células endoteliais
(in silico) - 500 células
VAR F R N B
- «"o

Processos envolvidos

e Angiogénese — Células
endoteliais (CE)
o Alongamento das CE
e Difusao de moléculas -
o VEGF

Fibroblastos - 500




e Casos 2. Angiogenesis + Proliferating cells

Processos envolvidos

Proliferacao celular —
células proliferativas
Angiogénese —
Células endoteliais
Difusao de moléculas -

o VEGF

o Glicose

o Oxigénio




étodos usados para a Simulacao na Biofabricacéao
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e Métodos usados para a Simulacao na Biofabricacéao

Método dos Elementos Finitos — MEF
Dinamica dos Fluidos - CFD

Resolucao de Eq diferenciais pela
aproximacao da solucao continua por
pequenas solucdes discretas
aproximadas.

Discretizacéao
Dividir ou particionar um todo em partes com
menor complexidade, com a finalidade de
facilitar calculos.

(b) (c)
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e Métodos usados para a Simulacao na Biofabricacéao
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Technical Breadth

Meshing Simulation Project Management Engineering Knowledge HPC
2-way CAD interface Design Xploration Management More...
Fluids : Electromagnetics ) System
.arge Displacemer Compressible Conduction Quasi static (Low Freq) Model-Based Systqm
Finite Strain Incompressible Convection Full Wave & Architecture Design
Contact Laminar Flow Radiation Joule Heating g i m
Multibody Dynamics Phase Change e (Y
. o . E S
Random Vibration A e Mass Transport e =l
Implicit & Explicit 3 )
Turbulence \ Eddy currents Human Body Model
| Multiphase Flow = Current flow Reduced Order Model
| Non-Newtonian Fluids Circuit Coupling Cardiovascular,

More...
Orthopedic: Spinal Disorders

Moroy

Ophthalmology: Laser Surgery

More...

. .

More..J

Skeleton, PKPD

B More. j

Steady-State, Transient, Parameterized, Harmonic & Modal

Linear & Nonlinear
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e Caso . Multiscale Simulation of Hierarchical
Layers of the Articular Cartilage for Biofabrication




e Caso . Multiscale Simulation of Hierarchical
Layers of the Articular Cartilage for Biofabrication

A: Static Structural
Total Deformation

T ot Processos envolvidos

Time: 1

0,024558 Max
0,02183
0,019101
0,016372

— 0013614

= 0,010915
0,0081861
0,0054574
0,0027287

0 Min

Papel das células e do
colageno frente a uma
tensao

o Tensao de

cisalhamento
Deformacéo
Tensa minima e
ENNE!

0,000 0,020

0,040 {mm)

0,010 0,030
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e FRAMEWORK para modelar e simular tecidos

Data mining

Machine learning and Simulations
3D Tissue

Tissue phenomics
Biomodels

Multi-omics data
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e FRAMEWORK para modelar e simular tecidos

Visualization Real-time
Name of systems Biological scale Paradigm capabilities interactivity Features for scalability
MsP* Multiscale-cellular and Agent-based Non-real-time 3D None Parallelization
intracellular
EPISIM** Multiscale-cellular and intracel- Multi paradigm Real-time 2Dand 3D Simulation param- Parallelization
lular using COPASI eter control
LINDSAY™! Cellular Agent-based Real-time 3D Moving camera, Distributed computing
visualization simulation param-
eter control
SimuLife* Cellular “Reactive animation” Real-time 3D Moving camera, Client-server architecture
simulation param- on web
eter control
FLAME-GPU™™  Cellular, subcellular if linked to Agent-based 3D visualization In later versions GPU used for non-
COPASI graphical tasks
Simmune**’ Multiscale Multi-paradigm-agent based, 3D Non-graphical output No No
grid of data
C-ImmSim** Multiscale—cellular and Agent-based Non-graphical output No No, but following system
intracellular of data “ImmunoGrid” uses grid
technologies for
scalability*
CellSys™ Cellular Agent-based Real-time 3D with No Parallelization using
medium field OpenMP
visualization
Compucell3D* Cellular Cellular Potts model (CPM) or Real-time 3D No Parallelization using

lattice-based
Glazier-Graner-Hogeweg
(GGH)

OpenMP




e Cell studio: A platform for interactive, 3D
graphical simulation of immunological processes

Liberman et al., APL BIOENGINEERING,(2018)

Editing a virtual

CellStudio

experiment

A platform for real-time
simulation and visualization
of biological environments.

Cell studio is aimed at biologists, biophysicists and researchers in computational biology and systems biology,
and using it requires no coding training.

Using an intuitive graphical user interface, users can feed biological data about an experimental system, be it a
patch of a tissue or a tissue culture;

Users can stop the experiment, rewind, change the point of view, or intervene by injecting molecules of any kind.
While the experiment is running, graphs that plot the dynamics of cellular populations, phenotypes, expression
levels or levels of secreted molecules are displayed.



Fluidodinamica do
escoamento no
interior de vasos
sanguinecs e
valvulas
cardiacas.
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Modelagem e
fendmenos

Simulagao
microestrutural de
N\ componentes biolégicos
do tecido osteocondral
(colageno e condrocito).

Simulagdes
das
propriedades
reologicas
durante
a bioimpressao.

Impressdo de
suportes
3D(scaffolds)
paraa
medicina

regenerativa,

FluidodinAmica computacional de
fendmenos biolégicos durante o
desenvolvimento de um
microtecido construido,

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
tecido, simulando
um metabolismo
tecidual.

O gradiente de
cores mostra a
diferenga de

tensdes de
. cisalhamento
*  geradas no
% microtecido.
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e Por que Simular na Bioimpressao?
Idea CAD-design Printer Software Idea = Reality

Cmeree s S P ca

Slice in layers Print

FreeCAD All in one package to handle .STL files and control the printer

Solidworks
Pro-engineer

Google Sketchup
I I Inventor I I I I

Virtual Physical

3 my BioCAD - Design 3D Bioprinting POSt. processing
. Bioreactor
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e Por que Simular na Biofabricacao e
Bioimpressao?

BIOPRINTER

"' Novos insights ly Tegg;
Maior conhecimento Uso de Animais




e Conclusao

e Uma melhor compreensao dos mecanismos pelos quais as
células endoteliais se organizam em novos vasos
sanguineos é crucial quando visamos a regeneracao
tecidual,

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

e O desenvolvimento de plataformas integradas para a area
bioldgica e médica é crucial para a evolucao tecnoldgica
atual,

o AEvitando o uso de animais e custos
excessivos com experimentacao



http:;//www.biofabricacao.com

j TGN Biofabricagio Bioimpressio Biologia Computacional Trabalhos Amigos da Pesquisa Blog Anuncie aqui Contato Members

Biofabricacéao

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 restauragdo e
estruturagao de tecidos e

orgaos.



Thank you for your kind attention!
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