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g Tissue engineering, Biofabrication, Bioprinting
and Information Technology
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* Imaging * Optmization

* Data mining » Interoperability

* Modeling * Design and blueprint

* Simulation * Additive manufacturing
(3D printing)
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i Biofabrication




€ Why do we need to simulate in the Biofabrication of
tissue and organ?

1 New insights l ;}$r£$?$

SIMULATIONS
BIOPRINTER
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€ When to use computer
Simulation?

Non-linear behavior

Needs
for research

In vivo
Sue printing

Complexity of the solution

More natural solution

Dernowsek et al. 2017
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When to use computer simulation?

Large number of variables, methods and processes

16 cell variables mathematical models 28 cell processes
Translation
E | Chromosome Rephcatl{.m
a Probabilistic binding Condensiﬂflon
Transcript Supercoiling
421 Replication initiation
e RNA Transcriptional regulation
. Markov model/ ..
Polypeptide probabilistic binding Transcription
Protein monomer Segregation
Boolean Termllnal m:gan.elle
= Complex Protein activation
T Host interaction
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a. RNA pol Aminoacylation
start . EmarETem Complexation coll
R — Ribosome Protein folding —  division? —> yes
E— Ribosome assembly
° rlng Protein modification
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= Protein processing [ and I1 finist
‘.,E',' Metabolite RNA modification no tnish
Stochastic Poisson process RN}_\ decay
Geometry Protein decay
DNA damage
Host DNA repair
RNA processing
E Mass
= ODE FtsZ polymerization
Stimulus -
Constraint-based models Tl
Time
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? Computational and mathematical methods to study
complex models at several levels of biological organization

Organism scale
(Meters - Centimeters)

- Finite Element,

- Computational Fluid Dynamics

- Multi Agent Systems

- Spatial Compartiments and Projections

Years

]

- Multi Agent Systems

- Noble model, CPM- GGH

- Finite Element,MSNS method

- Ising models, Potts model

- Spatial Compartiments and
Projections

Cellular scale
(Milimeters)
- Agent-based modeling
- Lattice Boltzmann
- Monte Carlo model
= Cellular Automata
- CxA multi-scale method

Tissue scale

(Centimeters)

Intracellular scale

(Micrometers - Nanometers)

Extracellular scale

(Micrometers)

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

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

- Convective—diffusion models

Days - Weeks Hours - Days Minutes Seconds

A
1‘_*‘
‘,

Tissue or Organ
Fusion, maturation,
shear stress, flow rate
-inlet and outlet-,
waste products, pH

Molecular scale
Biomolecules, genes,
transcription factors, miRNAs,
proteins, O2, drugs

Cell culture
environment
PH, temperature, osmotic
pressure, culture medium,

3D Bioprinting

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

BioCAD, BioCAM,
Bioprinter,

biopaper, bioink organoids sterility, cytokines/hormones and other molecules
Biofabrication
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‘ Methods




g@ Cellular Potts Model (CPM) implemented in

CompuCell3D (CC3D)

» Cross-platform, open-source environment for building and running
multi-cell multi-scale simulations of tissues and organs

» A library of Python/C++ modules that implement the CPM;

» Describes models using combination of XML and/or Python;

» Simulation-wizards, simulation editors, graphical interfaces,
visualization tools, SBML solvers, and FE solvers (experimental
support) included;

» Ability to import, control and run SBML models.

Systems Biology Markup Language
Mathematical models are key in studying the behavior of

biological systems




Qp— ) — 7. e N

model of has function
SBML:Model "BIOMDD00O00D00S2"
SEML:Compartment “Cell" o XM L'ba SEd
-- epresens ——| Fepresentation of
«mmsee ) Diochemical models,
SEML:Reactions

their components

(compartments,
species, reactions,
events), descriptors
(rules, constraints,

functions, units)

SBML:Parameter

GTP Binding in world of
BIOMDO000000082
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L Biological phenomenon - Angiogenesis

b O endotherialcer

4 e : .
e @3 () {mew 3> The In silico study focuses on the biological

¢ process of the angiogenesis of an aggregate of
endothelial cells (EC).

| (9

(B) tip cell formation Q°
”

0

(C) endothelial sprout formation :%

!

q’
(D) lumen formation Qg

® 9 : : L

| > The angiogenesis assay in silico was

T B compared with in vitro experiments as
(E) maturation q, e (e T e X

¢ =

demonstrated by Heiss and collaborators
(2015) using endothelial cell spheroids.
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‘ Results
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 celulas

'Al‘. e
R

© Células endoteliais de
~ corddo umbilical - 500

In silico assays show us that
sprouting and elongation of
cells were similar to the in
Fibroblastos - 500

Vvitro experiments.
| Heiss, et al., FASEB J., 29:3076-3084, 2015.
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Spheroid
stimulated with VEGF

Endothelial cells
(in silico) - 500 cells 100um

(tmcs)
- o (HWEégpltllcrOId 4

 cmbedded inigelland

stimulated with 50 ne/ml VE

3 .

i B !
o SIAY T St PO N

5)

w

N

etiment

\

A ¢ p
i 00 T = :' y a L A o i
500 cells per spheroid ‘, 1 5’1. : !tié’"t' D3

‘f FEibroblast spheroid
e embedded in gel and
~ stimulated with 50 ng/ml VEGE

20 hours 40 hours 80 hours
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{ Computational approaches for biofabrication of
tissues = Angiogenesis + Proliferating cells




g Conclusions

* The data generated will facilitate the understanding of
tissue functioning in multiscale levels and the
development of 3D tissue design.

MCS=100 MCS=400 MCS=800

Microtissue + angiogenesis
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Systems Biology Iltl:((:)lll‘ll:::;;t)l;);

Genomics Data mining
Transcriptomics Network algotithms
Proteomics Data integration
Interaction networks - Multi-agent systems
Pathway databases €% Machine learning

Integrated
platforms

BioCP‘s\

Tissue engineering Biofabrication

Biomaterials scaffolds Blueprint

St_em cells Tissue spheroids
Signaling Bioprinting
Biomolecules Constructs
Tissue microenvironments Microfiseucs
Microfluidics Bioreactor
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LS Challenges

Integration Engineering x Life Sciences;
Development of new file function representation

Development of scalable technology

SN NN

Development of integrated operational system integration of robotic
bioprinters (special software);
Development of new biomaterials and materials for tissue engineering;

Laws and regulations - * Safety + Security

v A New Integrated Platform for Biofabrication of Tissue and Organs
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€ Thank you for your kind attention!
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