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Context

Four Indusirial Revolutions

@ @
1870 1969 Today
1t revolution 2™ revolution 3 revolution 4" revolution
MASS AUTOMATED NEW
PRODUCTION PRODUCTION TECHNOLOGIES
led by the steam engine driven by electricity supported by electronics Internet of Things (loT),
and oil-based power and information Artificial Intelligence (AI);
technologies Big Data, Cloud,

Cyber-Physical Systems...

Sources: https://www.visiativ-industry.ch/industrie-4-0/
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Industry 4.0 and Biotecnology
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Toxicology foXI Century
(human on a chip)
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Alternative Methods to Animal tests

Ethical issues Scientific issues

) PROTECTING MORE THAN ° Better
@; ANIMALS science

International Reducing animal suffering often has the unexpected
ANIMAL-LAW benefit of yielding more RIGOROUS SAFETY TESTS

e Less animals

* Human
relevance

e Faster and
cheaper
results

Animal Welfare

wm I!

ANIMAL WELFARE
INDICATORS

By Alan M. Goldberg and
Thomas Hartung

APPROVED"

THE HUMANE SOCIETY A\\\
OF THE UNITED STATES
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Hughe challange

hallenge |Bias

Quality * Publish THE MISSING “R”:
! = . REPRODUCIBILITYINA
Reliability * Funding CHANGING RESEFARCH

Traceability * Private L{INDSCAPE

. A Workshop of the'" Yle on Science
° Pu b I IC andWelfare in Laborai | Animal Use
(an ILAR B drable series)
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The Economics of Reproducibility
In Preclinical Research

Leonard P. Freedman, lain M. Cockburn, Timothy S. Simcoe. PLOS
https://doi.org/10.1371/journal.pbio.1002165
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(n=257) (n=80)
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Prevalence of Irreproducibility

20%

10%

0%

Amgen Bayer Healthcare Vasilevsky et al. Hartshorne Glasziou et al.
(Begley and Ellis) (Prinz et al.) and Schachner
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Irreproducibility cost

US$56.4B Categories of Preclinical Irreproducibility

Materials

Biological Reagents and Reference |
(36.1% of tot

US$28.2B
(50%)

Irreproducible

Reproducible US$28.28

(50%)

Estimated US Annual Preclinical
Research Spend
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1 Counting viable cells

2 ldentification and
quantification of amino

acids and proteins

3ldentification and
quantification of nucleic

acids (DNA, RNA, microRNA)
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Biometrology - 2001 BSWG/BIPM)

isotopic
Consultative Committees of the CIPM ratios
Time and surface
frequency
inorganic

electrochemistry

Lo J

Acoustics,
ultrasound organic
and
ibration
Quantification
Electricity AWG and
and : .
magnetism -Icll\é Traceability
Photometry Key
and comparisons .
radiometry Strategic Pilot
planning

mol Studies
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Life Sciences Applied Metrology

Lamac

Macromolecule
DNA, carbohydra

Lamav Lamic

Microscopy | Microbiology
Optical, identification,
electronic, quantification,

Cell culture Small biological

Authentication
Tissue-equivalents
in vitro toxicolog

molecule
analysis

and protein
analysis

High througput preservation

W

J

Staff (researchers, technicians)
7 8 6 8 3
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Human cells

MUSCLE CELL
Epithelial tissue Muscle tissue is Nervous tissue
~,  lines surfaces made up of fibers consists of cells
that contract with projections
2\ hattar e . FAT CELL
electrical signals

5-0"%

IMMUNE CELL T
,_g"’l’ STEM CELL SO

Fa i ®
Py i T
i ﬁ w €9

Protein fibers. B, R, |

son —— LR \ oA ;

extracellular ﬁ“"%,_ 3! WERVOUS CELL 00T CELL

matrix 7- T

Cells ﬂﬁﬁ' o W/
S % 3

Connective Loose connective tissue Bene Cartilage Blood is a connective

tissues: acts as padding under Bone and cartilage are connective tissues made up of cells tissue made up of

skin and elsewhere. in a hard or stiff extracellular matrix. cells in a liquid matrix.
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Tissue Engineering - spheroids

 Human cells
— Blood vessels

— Mucosa
* Gastric
* Respiratory
e Oral
* Intestine;
— Bone

— Cartilage

3,3CR

UNIVERSIDADE

UNIGRANRIO

Va além da sala de aulal

uff

Universidade Federal Fluminense

UNIVERSIDADE
FEDERAL DO FII‘J'I: RUZ
RIO DE JANEIRO -

J"I-H.F.I Da CRUrX
UFRJ
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- IN 2013, ABOUT $ 304 BILLION
WAS SPENT ON MEDICAL
EXPENSES AND SICK LEAVE IN

“Life’Qual it‘

- 7.5% OF LEAVES OF WORK.

- 10.5% OF SICK LEAVE
APPLICATIONS.

- 6.2% EARLY RETIREMENT.

https://www.vectorstock.com/royalty-free-vector/sad-people-black-icon-
vector-19729271
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Tissue
Engineering for
bone and
cartilage injury

( Stemness )
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Differentiation
and Maturation

i vesting Self-assembly

and seeding

cartilage adipose bone
tissue
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Human adipose
tissue derived
stem cells

spheroids

Aparose
micromolded hydrogel
(a) (b) ()
Micro-molded " Cell suspension - Spheroids Spheroids
non-adhesive W W W W 6P s 9000
h yd rog e I nﬂcrummyﬂmgel nﬂcmmﬂu%;i:islel}rdmgel mimmt%;re{&sﬁyﬂmgel
(d) (e} (1)

Stuart MP et al. Stem Cells International. 2017.
https://doi.org/10.1155/2017/7053465
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End points (analysis) of 3D spheroids

From spheroid

1

B

culture
supernatant
* Biochemistry

— REPRODUCIBILI
spheroids Y
Diameter —

measurement assays (viability)
(viability) E _
5 * Non-specif targets
 Eletronic g (secretome)
MICrosco py 7 days 14 days 21 days

(morphology) * Specific targets
(multiplex, CBA)

e Biomechanical I_—_l
assay RASTREABILI J:
* Histology/Specific 6008 brevotabaneni]

targets e g“"“ =
(immunofluorescen S 4004 =
= 51400_
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stry) Q. 200
: G
° 2w 3w 5w 0-
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OPTICAL COHERENCE TOMOGRAPRY - OCT

~OCT USES LIGHT WAVES TO TAKE CROSSSECTION
IMAGES OF TISSUE: NON-INVASIVE, REAL TIME,
OALITY CONTROL OF SPHEROIDS

Low-coherence light source Sample6I61
—:0% 0 E
Detector Reference arm _
©
POPESCU et al, 2011 mg
L=
Ga
oc
o
|_
iogo ( 000000000000
Superluminescente
0000000000009
Espelho de Referéncial COOORERRAOAOR
50/50 Stri [GlolcIoIGICTIOIICIO]

- ol
-

P

Espectrémetro = ;
o e T d QUI}NTIFICACAO
| | Placa de os » Diametro
1 Esferoides * Altura
|__Computador | + Volume
___________ » Regibes Necréticas

HUANG et al, 2007 HUANG et al, 2017




erlge Fe X
PRELIMINARY RESULT

Floriandpolis - ¢

-l IEETENT al-B)



CAMPUS DE _
INOVACAO E
METROLOGIA

INMETRO

Collagen I

Collagen Collagen X Aggrecan
W TE T " Boec

'ﬁogical advantages of self-assembly )

0

—_—

N-cadherin =~ Spheroid Y,
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Embryological development of stable
cartilage

ioengine
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cartilage-related

inflammation-related

GO words

angiogenesis-related

collagen-related

Cartilage
b

0 10 20 30 40 50
Number of proteins

—> Cortes et al. Tissue Eng Part A. 2019 Feb 8. doi:
10.1089/ten.TEA.2018.0311




Growth axes and bone
marrow compartment

Hypertrophy, bone collar
and vascularization

- '-" Longitudinal

Embryological development of endochondral
ossification
Engineered hypertrophic cartilage

ioengineering
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Master Thesis
Kronemberger, 2018
Submitted results
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Bioprinting

Original Article
Journal of Tissue Engineering
The fusion of tissue spheroids attached © The Author(y) 2014
DOI: 10.1177/2041731414556561
to pre-stretched electrospun wfsagepub.com
®SAGE

polyurethane scaffolds

Vince Beachley!, Vladimir Kasyanov?, Agnes Nagy-Mehesz3,
Russell Norris?, Iveta Ozolanta?, Martins Kalejs?4, Peteris
Stradins?4, Leandra Baptista’, Karina da Silva’, Jose Grainjero?3,
Xuejun Wen¢ and Vladimir Mironov3?

£,

. [Al . [B] N L1 . IBI
Bioink spheroids Additional layers Bioink spheroids Final living
printed into layer printed to build fuse together and tissue

of biopaper gel ohject biopaper dissolves
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CLINICAL CONCEPT: IN SITU RAPID TISSSUE BIOFABRICATION

USING SCAFFOLDS
“‘@‘a‘&ﬂ

Scheme demonstrating in vivo rapid 3D tissue
biofabrication using tissue spheroids
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Bottom-up tissue engineering:
spheroids

Viability T In vitro preconditioning / /.. g ®
Proliferation T biomaterial incorporation @ ® ® @
Morphology T

Polarization T . ®_o_o
Differentiation T £ @ ® [f
Function T . @ ® ® © 6

Large-scale . Tissue .
e® e D

Matrix production T
Angiogenesis T

Infl tion .
P Production @ Engineering l‘ LI
a @ Scaffold-based
Regenerative potential T
Fusion capacity T

Cell—ell Diffusive b
interaction mass transport
e N —

Trends in Biotechnology

Laschke MW, Menger MD. Trends Biotechnol. 2017
Feb;35(2):133-144. doi: 10.1016/j.tibtech.2016.08.004.



Cartilage and bone
bioprinting

B
|_—;? Baptista LS et al. Int. J. Mol. Sci. 2018, 19, 1285;
doi:10.3390/ijms19051285
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test with
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Bone constructs
(biomaterial+spheroids)

the laboratory (biofabricatipii)a:
e v
e %(I%TEF% )
B R R R e g:f::‘ialbone
micmm&aﬁﬂt?dmge] ij E ‘j«‘
R Y

Spheroids n = 28 animais (in vivo 1
production Y /

n = 1 (Cloth group)
n = 6 (Biomaterial group)
n = 6 (Bomaterial + spheroids group)

!

Experimental period = 3
months

Paulo A de O, Castro-Silva I1l, Oliveira DF, Machado ME, Bonetti-Filho |,
Granjeiro JM. Repair of critical-size defects with autogenous periosteum-
derived cells combined with bovine anorganic apatite/collagen: an
experimental study in rat calvaria. Braz Dent ). 2011;22(4):322-328.
doi:10.1590/s0103-64402011000400011
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onths after implantation:
biocompatibility, no immunological
rejection - new bone formed

v — ~ \*QX ‘-'\"\;" o - 7 e
= - e = Y. > -
e ? g T NI =t
~
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3D cell culture perpective: Bioprinting using
spheroids as building-blocks (bottom-up

s
=
.

¥

i * (il
3

a pproaml}re 3D tissue

e

Spheroid
assembly T

Sphe mic?..

t

® :__.

- _&

Cells @@ ® o ®y
L X K _

—3 Baptista LS et al.
Frontiers In

Bioscience, Landmark,
—3 Adaptado de Guven S et al., Trends 23, 1969-1986, June

Biotechnol. 2015, 33:269-279. doi:
10.1016/j.tibtech.2015.02.003. &I'o:21()(:)Lg7?1?/|4683]

L
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1.5mm diametro por 7mm
comprimento

__I) Iltoh M et al. PLoS One. 2015
—1" 1;10(9):e0136681.

doi10 1371/io0tirnal none O01RAEART
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Biorinting using spheroids as building-blocks: fusion

and biomechanical gssays Samies

. Non-induced ASC spheroids
@ Induced ASC spheroids
ﬁ Fused and Induced ASC spheroids

1 hour

2
1} %k %k k
° K
o0 - * % %
_—
%Kk Kk
e ———————— IFm————————— 1
*
40 N . B "
— sk ok ok
2 ' .
= 30
8
0 S X Bk
> [
©
©
'\ ._I
7 days 14 days 21 days

:—) Cortes et al. Tissue Eng Part A. 2019 Feb 8. doi:
10.1089/ten.TEA.2018.0311
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—» Bioprinting using spheroids as building-
blocks: fusion and biomechanical assays

— _
_l—) Unsubmitted results
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Motivation

LUMILATERAL CLEFT LIF
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CLEFT LIP & CLEFT PALATE
(ROOF OF MOUTH)
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! |
l |
| |
1
' /
I. ]
.l- / -
N #
S

Al e e i |
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: : . Orthodontic
Surgical cleft lip Surgical cleft palate — _onhodonte
repair - cheiloplasty repair - palatoplasty - e
o (3 months) ’ ~ (6-12 months) ! y y - (2-15years)

1st Generation 2"d Generation 3rd Generation

B
9 0 R g
O + Donor: = xar o XErE
€ ' Human cadaveric 8 © = . .
% (3 bone [} (’5 Osteconductlve 5 Biomaterials/scaffold
L) = Biomaterials/scaffold o
< < (hydroxyapatite, TCP) = ‘
c
Q Signalin
_ O Stem CeIIs ( mogleculegs
n Receptor site: m
3 o palate - v @ @ 0 Engineered bone graft
m‘l— . i )
S ® Donor site: = O Q
O . . - (01}
c O iliac crest/hip o S ‘
2 (most commum) Ouw

patient



Biometrology: .aa

the newy frontier
to be explored!

MISSAO DO INMETRO

A medida certa para : X
promover confianca a
sociedade e

competitividade
ao setor produtivo.
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PhD students:

Isis Cortes, Inmetro
Renata Matsui, Inmetro
Gabriela Kronemberger,
Unigranrio

Leticia Charelli, COPPE -
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Master student:
Guilherme Miranda,
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Undergraduate students:
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BIOIMPRESSAO
ENGENHARIA ® D10
DE TECIDOS 530 ABERTURA
N = : - : : 9:00 - A ENGENHARIA DE TECIDOS
E AS METODOLOGIAS ALTERNATIVAS

AO USO DE ANIMAIS

Dr. José Mauro Grarggim
Inmetro, Duque de Caxias, R, Brasil

10:00 - REGULAMENTA DOS
PRODUTOS DE TERAPIA CELULAR
AVANCADA

Joao Batista da SiIvaBJunior

Anvisa, Brasilia, DF, Brasil

11:00 - O EMPREENDEDORISMO
@rarers TTINMETRO Q) REGEMAT® ThermoFisher NA UNIVERSIDADE
UFR) : Dr. Paulo Afonso Granjeiro UFS)

Sdo Jodo del-Rei, MG, Brasil

®@DA 11

Inscricoes
= . 8:30- BIOIMPRESS&O DE PELE
gratuitas: e rasiiza 08
www.grupoctab.co sx-oeewovmento
DE BIOTINTAS
m A
/bioimpressao 1030 CAPACITACEO EM

Dra. g)anaina Dernowsek, Bio3DTech,
S&o Paulo, SP. Brasil

1200/ 13:00 - ALMOCO

12:00 / 13:00 - ALMOCO

13:00 - IMPRESSAO 3D EM
MEDICINA REGENERATIVA
Dr. José Manuel Baena

CEO REGEMAT, Espanha

14:00 / 1530 - APRESENTACAO DE POSTERES
Alunos de graduacdo, pés-graduacao

e pds-doutorado Premiacao em insumos de
laboratérios para os 3 primeiros colocados.

15:30 - TECIDO EQUIVALENTE

DE PELE PARA TESTES IN VITRO

Dr. Rodrigo de Vecchi, Episkin, I'Oréal do Brasil
Rio de Janeiro, R], Brasil

16:30 - ENCERRAMENTO

13:00 - VENTURE BUILDER NANOBUINESS
E SEUS PRO%EI' OS DEEP TECH

Dr. Ronaldo Pedro da Silva, Nanobusiness
Duque de Caxias, R), Brasil

14:00 - IMPULSIONANDO O SEU PROJETO
DE PESQUISA COM O CULTIVO 3D

Dra. Leandra Baptista, GCell,

Duque de Caxias, R), Brasil

15:00 - CHALLENGES IN BIOPRINTING
Dr. Vladimir Mironov Chief Scientific Officer
at 3D Bioprinting Solutions (3D Bio), Russia

16:00 - ENCERRAMENTO E PREMIAGCAO
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PrOX|ma edicao - Sao Paulo, Merck,
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A .w%tech onllne

/eventsllmersao-

CURSO DE CULTIVO CURSO DE CULTIVO

CELULAR EM 3D CELULAR EM 3D
E BIOIMPRESSAO E BIOIMPRESSAO
DE TECIDOS DE TECIDOS

DRA. JANAINA DERNOWSEK
IDEALIZADORA DA BIOEDTECH

LEANDRA BAPTISTA

UFRJ - INMETRO

MERCK ' MERCK
DE 27 A 30 DE JANEIRO 2020 " DE 27 A30DE JANEIRO 2020

REALIZACAD BLS“EII'I'BGII @ ' PARTICIPACAD EMSKW] | REALIZACAD B&%ﬂ‘esh @ ( PARTICIPACAO EPISKII’]
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PROGRAMME
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Rede de o .+
Bioengenharia

Hu:u da Jarre-n::-
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Thanks

* More information
— Www.inmetro.gov.br

) /;7-
ﬁﬂ/
— WWW.renama.org.br /& s
-

—José Mauro Granjeiro
* [mgranjeiro@inmetro.gov.br; imgranjeiro@gmail.com
* Bioengineering Lab., Life Sciences Apllyed Metrology
« 021 2145 3221
*« 021 98702 3433

* http://scholar.google.com.br/citations?user=5peGD]gAAAA]|&hI=pt-BR
* http://www.researcherid.com/rid/D-8289-2012



http://www.inmetro.gov.br/
http://www.renama.org.br/
mailto:jmgranjeiro@inmetro.gov.br
mailto:jmgranjeiro@gmail.com
http://scholar.google.com.br/citations?user=5peGDJgAAAAJ&hl=pt-BR
http://www.researcherid.com/rid/D-8289-2012
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