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Team Networks – funding and 
cooperation
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Bioengineering 
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Context



Industry 4.0 and Biotecnology



Biotecnologia: tecidos para a vida

Regenerative 
Medicine

For what?For what?

Toxicology for XXI Century
(human on a chip)

Bioengineerd tissues

Bladder

Blood vessel

Ear 

Mandible

Cardiac valve



Alternative Methods to Animal tests

• Better 
science

• Less animals
• Human 

relevance
• Faster and 

cheaper 
results

Ethical issues Scientific issues

3RReplacement
Reduction
Refinement



Hughe challange

Challenge
• Quality
• Reliability
• Traceability

Bias
• Publish
• Funding
• Private
• Public

4R
s



Reliability….

The Economics of Reproducibility 
in Preclinical Research

Leonard P. Freedman ,  Iain M. Cockburn,    Timothy S. Simcoe. PLOS  
https://doi.org/10.1371/journal.pbio.1002165



Irreproducibility cost



Metrology of cells, nucleic acids and 
proteins

1.Counting viable cells

2.Identification and 

quantification of amino 

acids and proteins

3.Identification and 

quantification of nucleic 

acids (DNA, RNA, microRNA)



Biometrology – 2001 BSWG/BIPM)
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Dimav

Microscopy
Optical, 

electronic, 
High througput

Microbiology
identification,

 quantification, 
preservation

Cell culture 
Authentication

Tissue-equivalents
 in vitro toxicology

Macromolecules
DNA, carbohydrate

 and protein 
analysis

Small biological
molecule 
analysis

Pharma 
scale-up

Bacterial and 
yeast scale-up

Life Sciences Applied Metrology

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



Tissue Engineering - spheroids

• Human cells
– Blood vessels
– Mucosa 

• Gastric
• Respiratory
• Oral
• Intestine;

– Bone
– Cartilage



SOCIAL AND ECONOMIC IMPACT

https://www.vectorstock.com/royalty-free-vector/sad-people-black-icon-
vector-19729271

- IN 2013, ABOUT $ 304 BILLION 
WAS SPENT ON MEDICAL 
EXPENSES AND SICK LEAVE IN 
THE UNITED STATES.

- 7.5% OF LEAVES OF WORK.
- 10.5% OF SICK LEAVE 

APPLICATIONS.
- 6.2% EARLY RETIREMENT.

Life Quality



Tissue 
Engineering for 
bone and 
cartilage injury



Micro-molded 
non-adhesive 
hydrogel

Stuart MP et al. Stem Cells International. 2017. 
https://doi.org/10.1155/2017/7053465

Human adipose 
tissue derived 
stem cells 
spheroids







End points (analysis) of 3D spheroids

• Diameter 
measurement 
(viability) 

• Eletronic 
microscopy 
(morphology)

• Biomechanical 
assay

• Histology/Specific 
targets 
(immunofluorescen
ce, 
immunohistochemi
stry)

• Molecular assays 
(qPCR, 
transcriptome)

• Flow cytometry 
(viability, cell cycle 
and cell phenotype)

From 
spheroids

• Biochemistry 
assays (viability) 

• Non-specif targets  
(secretome)

• Specific targets       
(multiplex, CBA)
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OPTICAL COHERENCE TOMOGRAPHY - OCT 
(HUANG ET AL, 2017)OCT USES LIGHT WAVES TO TAKE CROSS-SECTION 

IMAGES OF TISSUE: NON-INVASIVE, REAL TIME, 
QUALITY CONTROL OF SPHEROIDS

OCT USES LIGHT WAVES TO TAKE CROSS-SECTION 
IMAGES OF TISSUE: NON-INVASIVE, REAL TIME, 

QUALITY CONTROL OF SPHEROIDS

POPESCU et al, 2011

HUANG et al, 2007 HUANG et al, 2017



PRELIMINARY RESULT



Embryological development of stable 
cartilage 

Biological advantages of self-assembly 

SpheroidN-cadherin

Côrtes et al. Tissue Eng Part A. 2019 Feb 8. doi: 
10.1089/ten.TEA.2018.0311
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Embryological development of endochondral 
ossification

Engineered hypertrophic cartilage

Master Thesis 
Kronemberger, 2018
Submitted results
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Bioprinting



CLINICAL CONCEPT: IN SITU RAPID TISSSUE BIOFABRICATION 
USING SCAFFOLDS

Scheme demonstrating in vivo rapid 3D tissue 
biofabrication using tissue spheroids



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

Bottom-up tissue engineering: 
spheroids



Baptista LS et al. Int. J. Mol. Sci. 2018, 19, 1285; 
doi:10.3390/ijms19051285

Cartilage and bone 
bioprinting



Our first 
bioprinting 
test with 
cartilage 
spheroids




n = 1 (Cloth group)
n = 6 (Biomaterial group)

n = 6 (Bomaterial +  spheroids group)

Experimental period = 3 
months

CT

L 
CT

L 
CT

L 

Scaffold 

n = 28 animais (in vivo 1)

Rattus norvegicus

24hSpheroids 
production

7 days

Bone constructs 
(biomaterial+spheroids) produced in 
the laboratory (biofabrication)

Paulo A de O, Castro-Silva II, Oliveira DF, Machado ME, Bonetti-Filho I, 
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 J. 2011;22(4):322–328. 
doi:10.1590/s0103-64402011000400011



3 months after implantation: 
biocompatibility, no immunological 
rejection – new bone formed



3D cell culture perpective: Bioprinting using 
spheroids as building-blocks (bottom-up 
approach) 

Adaptado de Guven S et al., Trends 
Biotechnol. 2015, 33:269-279. doi: 
10.1016/j.tibtech.2015.02.003.

Baptista LS et al. 
Frontiers In 
Bioscience, Landmark, 
23, 1969-1986, June 
1, 2018. DOI 
No:10.2741/4683] 



1.5mm diâmetro por 7mm 
comprimento

Bioprinting using spheroids as building-blocks

Itoh M et al. PLoS One. 2015 
1;10(9):e0136681. 
doi:10.1371/journal.pone.0136681.



Bioprinting using spheroids as building-blocks: fusion 
and biomechanical assays

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



A B C

D E F

Unsubmitted results

Bioprinting using spheroids as building-
blocks: fusion and biomechanical assays



Motivation



Surgical cleft lip 
repair - cheiloplasty 

(3 months)

Surgical cleft lip 
repair - cheiloplasty 

(3 months)

Surgical cleft palate 
repair - palatoplasty

(6-12 months)

Surgical cleft palate 
repair - palatoplasty

(6-12 months)

Bone graft 

(8-11 years)

Bone graft 

(8-11 years)

Orthodontic 
movimentation 

(2-15 years)

Orthodontic 
movimentation 

(2-15 years)
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A medida certa para 
promover confiança à 

sociedade e 
competitividade 

ao setor produtivo.

MISSÃO DO INMETRO

Biometrology: 
the new frontier 
to be explored!
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Agradecimentos    ;  ) 
https://www.grupoctab.com/



Inscrições 
gratuitas: 
www.grupoctab.co
m
/bioimpressao



www.grupoctab.com/
cultivocelular3d



Episkin, L´Oreal, Brazil  



Próxima edição – São Paulo, Merck, 
Barueri   ;  )
https://www.bioedtech.online/events/imersao-
nas-tecnologias-do-futuro-cultivo-celular-em-3d-
e-bioimpressao-de-tecidos 



Funding



Thanks
• More information

– www.inmetro.gov.br 

– www.renama.org.br 

– José Mauro Granjeiro
• jmgranjeiro@inmetro.gov.br; jmgranjeiro@gmail.com 

• Bioengineering Lab., Life Sciences Apllyed Metrology

• 021 2145 3221

• 021 9 8702 3433
• http://scholar.google.com.br/citations?user=5peGDJgAAAAJ&hl=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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