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VACCINES

GENE 
THERAPY RECOMBINANT

PROTEINS

Virus like particles (VLP’s)
Adenoviral-based vaccines

Marker Vaccines
others

Adenovirus & AAV

Retrovirus & Lentivirus

Baculovirus Monoclonal antibodies
Fusion Proteins

others

Focus of the Animal Cell Technology UNIT

IN VITRO 
TOXICOLOGY

Human STEM CELLS:
‐ Human ESC, human iPSC
‐ Adult Stem cells – neural, mesenchymal and 
cardiac 
neuronal, cardiac & hepatic differentiation

PRIMARY CULTURES:
‐ Human Hepatocytes
‐ Human Cancer cells 

CELL 
THERAPY

CELL MODELS 

R&D

Model systems
 Disease models (cell physiology & metabolism)

 Drug Testing

 in vitro toxicology

ANIMAL CELL CULTURES

 recombinant proteins

 growth factors, blood factors

 vaccines

Production
Biopharmaceuticals

Gene therapy
 adenovirus, AAV

 retrovirus, lentivirus

Cell Therapy

 stem cells
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I&D industria farmacêutica 

taxas de atrito
elevadas

5
Falta de poder predictivo dos modelos utilizados em 

fases de desenvolvimento pré‐clínico

Eficácia (66%) Segurança (21%)

Causas dos insucesso em ensaios clínicos fase III

~ 90% dos novos 
medicamentos para doenças 
do SNS falham em ensaios 
clínicos fase II and III

Modelos em I&D

Modelos in vivo ‐ Complexidade elevada

‐ Disponibilidade limitada (Guidelines para redução da experimentação animal)

‐ Divergência do humano– em termos de desenvolvimento, anatomicamente e 

fisiologicamente; diferenças nos mecanismos de doença

‐ Não recapitulam as características dos tecidos‐alvo
interações célula‐célula e célula‐matriz, diferentes tipos de células, etc

Modelos celulares 
in vitro

2D Cell Cultures

Animal models

Mudança de paradigma: relevância humana  

Validação de alvos  Toxicologia Drug ScreeningIdentificação de alvos

Ensaios cell‐free

‐Abordagem direccionada para proteínas e vias bem caracterizadas
‐Sem capacidade de prever contribuições/consequencias de outros potenciais 
intervinientes 

6
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Prevalent models in R&D

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – WHY?

Paradigm shift towards human relevant translation 
‐ Increased human relevance of disease models
‐ Increased biological complexity & microenvironment recapitulation

R. Franco & A. Cedazo‐Minguez (2014) Front. Pharmacol. 5:146 http://xkcd.com/1217/

O novo paradigma: translação com relevância humana 

‐ Aumentar a relevância humana dos models de doença

‐ Aumentar a complexidade biológica dos ensaios de screening 

Que consigam recapitular o tecido/doença alvo
Com maior relevância fisiológica e molecular 

 Disponibilidade & robustez (de forma a serem implementados em 
laboratórios de investigação e indústria)

novos modelos in vitro

Modelos em I&D

As novas ferramentas: 

Células estaminais humanas & Sistemas de cultura 3D
8

Validação de alvos  Toxicologia Drug ScreeningIdentificação de alvos
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Human Induced Pluripotent Stem Cells (iPSC) 

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

10 www.ibet.pt

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

Human Induced Pluripotent Stem Cells (iPSC) 
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THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?
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THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

Gene Editing tools for specific genome disruption & replacement 

CRISPR/Cas9 ‐ components of the bacterial immune response to bacteriophages

Clustered Regularly Interspaced Short Palindromic Repeat
• Cas9 DNA nuclease
• Guide RNA (gRNA)= short CrisprRNA (crRNA) + transactivating CRISPR RNA (tracrRNA)

crRNA ‐ recognizes a complementary stretch of nucleotides (the protospacer) within foreign DNA, thus conferring 
sequence specificity
tracrRNA ‐ required to form ribonucleoprotein complexes with the Cas9 nuclease, generating site‐specific double‐strand 
breaks (DSBs) 

Nat Reviews Genetics (2014) 15, 625–639
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Using stem cell disease models to evaluate the contribution of specific loci to 
complex polygenic disorders. 

Nat Reviews
Genetics (2014) 
15, 625–639

14 www.ibet.pt

Cherry & Daley 
2012, Cell 148, 
1110-1122

Objective:
Reproduce disease 
molecular hallmarks in 
cell types relevant in 
human diseases
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Cherry & Daley 
2012, Cell 148, 
1110-1122

Objectivo:
Reproduzir os fenótipo 
de doença em tipos 
celulares diferenciados 
relevantes na doença 
humana 

Success in genetic 
diseases mainly 

Genetic 
Diseases

Multifactorial 
Diseases 

Familial Alzheimer’s Disease

Familial Amytrophic lateral sclerosis

Familial Parkinson’s Disease  

Down Syndrome

Huntington’s Disease 

Genetic 
Diseases

Multifactorial 
Diseases 



Schizophrenia

Objective:
Reproduce disease 
molecular hallmarks in 
cell types relevant in 
human diseases

16 www.ibet.pt

Nat Reviews
Genetics (2014) 
15, 625–639

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?
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hNPC transduced with Familial AD mutated forms of APP (K670N/M671 & V717I) and PSEN (E9)

Extracellular amyloid-b deposits aggregated p-tau in cells

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

18 www.ibet.pt

Highly complex system:
• Architecture
• Cellular composition
• Secreted Factors

Network of
Cell‐Cell/ECM Interactions

Tissue Function Common endeavor of biomimetic models = 
place the target cell in its environment 

MODELLING CNS NEURAL MICROENVIRONMENT
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Astrocytes and olygodendrocytes required for neural maturation – physical, 
protein‐mediated and metabolic interactions 

MODELLING CNS NEURAL MICROENVIRONMENT

20 www.ibet.pt

The rise of 3D Cell Models 

http://www.sigmaaldrich.com/

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?
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THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

Minimal components for recreation of tissue microenvironment

Extracellular matrix

Cell‐cell interactions
• Monotypic or heterotypic

• Maximization of interactions

• Polarization of epithelial tissues

• Anchorage, support, mechanical stimuli

• Modulate cellular pathways and differentiation

• Migration

Soluble factors
• Growth factors, 

hormones, cytokines

Physical Forces & Physicochemical parameters
• Hydrodynamic shear;  Compressive strains: Hydrostatic pressure; diffusion rates

•Temperature, pH, oxygen

22 www.ibet.pt

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

2D Cultures

3D Cultures

Morphology & polarity
(e.g. axonal branching)

Cell-adhesion events

Cytoskeletal organization

Intracellular signaling

to mimic the architecture & cell interactions 
occurring within the tissue/organ:
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3D in vitro 
models:

Nature Reviews 
Molecular Cell Biology 
(2007) 8, 839‐845

24 www.ibet.pt
Nature Cell Biology18, 246–254 (2016) doi:10.1038/ncb3312

ORGANOIDS 'R-spondin method'

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?
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Adult stem cell (AdSC)-derived organoids. 

Meritxell Huch, and Bon-Kyoung Koo Development 
2015;142:3113-3125

26 www.ibet.pt

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

The brain “organoid” model  

Lancaster et all: Nature 501, 373–379 (2013); Nature Protocols 9, 2329–2340 (2014) 
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THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

2D Cell Culture

Animal models

Cell‐free assays

Tissue mimetics

3D Cell Culture

R
e
ca
p
it
u
la
ti
o
n
, 

p
re
d
ic
ta
b
ili
ty
 

robustness, 
scalability 

reproducible and scalable 
systems compatible with 

molecular interrogation and 
high‐throuput approaches

Scale‐out

Culture systems for well‐defined culture of 3D cell models 

Scalability 

Automation Reproducibility

`````
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Photo: courtesy A.Amanullah

Culture systems for well‐defined culture of 3D cell models 

Scale‐up

Scalability 

Automation Reproducibility

Monitor 

&

Control

Scalability

30 www.ibet.pt

THE DEMAND FOR PREDICTABLE IN VITRO MODELS – HOW?

3D cell models: Physicochemical parameters

‐ efficient &well‐characterized mass transfer; 

‐ on‐line monitoring and automated control of 
physicochemical variables (temperature, pH, dissolved 
oxygen).

‐ perfusion operation modes: simulation in vitro of 
consequences of circulatory system connections

• shear stress and pressure
• supply of O2 

• supply of cytokines/ growth factors
• metabolite clearance 
• accessibility of drugs/compounds

• Bioreactors

Stirred‐tank bioreactors

microfluidic bioreactors
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Controlled Culture Systems for recapitulation of 
tumour microenvironment 

BIOREACTOR TECHNOLOGY: Configurations 

From
http://dx.doi.org/10.1016/j.addr.2013.12.011

human on a chip
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HUMAN 3D MODELS @ IBET

• Brito C et al Methods, 2012
• Simão D et al Tissue Eng A, 2014
• Gualda EJ, Fronters in Neuro 2014
• Terrasso AP et al J Biotecnol 2015
• Simão et al Gene Therapy 2015

• Estrada et al Biomaterials 2016
• Santo VE et al  J Biotech 2016

• Tostões et al Hepatology 2012
• Leite SB at al. Toxicol Sci. 2012
• Rebelo SP et al Arch Toxicol 2014
• Rebelo SP et al 2016

• Gomes‐Alves et al 2014, 2016
• Correia C et al 2014, 2016
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WORKING HYPOTHESIS & STRATEGY

Microenvironmental recapitulation can potentially be attained via 
accumulation of endogenous biomolecules (i.e., without addition of 
exogenous bioactive components – ECM and soluble factors)

Requirements:
• Relevant cell types of the specific cell microenvironment
• Physiologically relevant cell interactions

• Physico‐chemical: oscillations in pH, pO2

• 4th dimension: time

perfusion bioreactors 

3D co‐culture

reflect the native tissue context and mimic disease progression in vitro

36 www.ibet.pt

• Human Embryonic Stem Cells (hESC)
• Induced Pluripotent Stem Cells (iPSC)
• Embryonal Carcinoma Stem Cells (hECS)
• Human fetal Neural Stem Cells (hNSC) 

Neural Stem Cell Sources

Strategy

+ Cell Fate 
Determinants
(e.g. Soluble factors, 
Physicochemical 
Environment, ...)

Adapted from Jakel RJ et al (2004) Nat Rev Genet

HUMAN 3D MODELS @ IBET – STRATEGY

NEURAL STEM CELLS:

 Multipotent and
proliferative

 Differentiation into 
neurons, astrocytes and 
oligodendrocytes 
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BIOREACTOR TECHNOLOGY – STIRRED TANK BIOREACTORS

• High content screening
• Functional assays
• Toxicological assays
• Drug screening & drug‐drug 

interactions

Feeding multi‐organ chips:

Feeding high‐throughput systems:

• Dynamic, homogeneous environment
• Tight control of culture parameters 

38 www.ibet.pt

Viral vectors for 
gene therapy

Assessment of novel 
therapeutics

Metabolic Profiling
13C-NMR 

Spectroscopy

Neurotox
screens

• Human Embryonic Stem Cells (hESC)
• Induced Pluripotent Stem Cells (iPSC)
• Embryonal Carcinoma Stem Cells (hECS)
• Human fetal Neural Stem Cells (hNSC) 

Neural Stem Cell Sources

Strategy

HUMAN 3D MODELS @ IBET – STRATEGY



Catarina Brito 24 Abril 2017

20

Advanced Cell Models Lab
Animal Cell Technology Unit
iBET & ITQB-NOVA

39 www.ibet.pt

NEURONAL AND GLIAL DIFFERENTIATION IN 3D

Nestin/ β3‐tubulin GFAP / β3‐tubulin O4

50μm 50μm

Enrichement in cells from the 3 neural lineages:

 Neuronal

 Astrocytic

 Oligodendrocytic

Brito et al. (2012) Methods
Simão & Pinto et al. (2015), Tissue Eng. Part A
Terrasso et al. (2015) J. Biotech
Simão et al. (2016) Bioreactors in Stem Cell Biology

40 www.ibet.pt

Undifferentiated – 7Diff Differentiated – 18Mat

 Absence of necrotic centers
 Complex neurite network in differentiated neurospheres

 Presence of mature synaptic sites

Simão & Pinto et al. (2015), Tissue Eng. Part A

m
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 ‐
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a
l h

N
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NEURAL DIFFERENTIATION IN 3D
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Serial block‐face SEM

 Absence of necrotic centers

 Complex neurite network in differentiated neurospheres

Ultrastructural characterization

Undifferentiated neurospheres Differentiated neurospheres

NURR1: Nuclear receptor related 1; TH: Tyrosine hydroxylase; DRD2: Dopamine receptor D2

3D neural model enriched in dopaminergic neurons

 Differentiated neurospheres enriched 
in  DOPAminergic neuronal markers

Emma R. Andersson et al. PNAS 2013;110:2450-2451

mRNA

Protein

Simão & Pinto et al., (2015) Tissue Eng– Part A, 21(3‐4):654‐68

Neurotransmitter Synthesis/Release
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Neuronal dopaminergic differentiation in 3D 

43

44 www.ibet.pt

NEURAL DIFFERENTIATION IN 3D

[Ca2+] Fluorescence

Neuronal‐like firing Glia‐like firing

Single focal plane of 0.5 µm; scale bar 20 µm

Ca2+ Signaling Electrophysiological Properties

 Detection of spontaneous Ca2+ firing patterns typical of neurons 
and astrocytes

 Presence of voltage‐activated ionic currents

Simão & Pinto et al. (2015), Tissue Eng. Part A
Gualda E et al. (2014) Front Cell Neurosci
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Preclinical evaluation of gene therapy vectors
Human 3D neural models

Neurotoxicity/neuroprotection assessment

Neuron‐astrocyte metabolic interactions

Neural microenvironment remodeling

Simão D et al. (2016) Gene Therapy

Daniel Simão

Brito C et al. (2012), Methods
Simão D &Pinto C et al. (2015), Tissue Eng. Part A
Terrasso A.P. et al. (2015) J Biotech
Simão D et al. (2016), Bioreactors in Stem Cell Biology

Terrasso A.P. et al. (2015) J Biotech
Terrasso A.P. et al. (2016) J Pharmacol Toxicol Methods
Materne et al. (2015) J Biotech

Disease Modeling

Ana Paula Terrasso

João Sá 

Simão D et al. (2016) Scientific Reports

46 www.ibet.pt

 Low immunogenicity

(negligible levels of neutralizing anti‐CAV‐2 antibodies in healthy humans)

In animal models:

 Long‐term transgene expression

 Neuronal tropism

 Long‐distance targeting via axonal transport

PRECLINICAL EVALUATION OF VIRAL VECTOR FOR GENE THERAPY

Canine Adenovirus type‐2 (hdCAV‐2)

Soudais et al. (2001) FASEB J. 15(12), 2283‐5 

Rat primary 
spinal cord cells

Rat olfactory 
neuroepithelium

Mouse 
diaphragm

The molecular basis for CAV‐2 neuronal 
tropism likely relies on the exclusive binding 

to CAR receptor for internalization

• Vector Toxicity 
• Vector Tropism
• Long‐term transgene expression  

Human midbrain 3D neural model
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 High transduction of dopaminergic neurons (TH+)
 Low tropism towards glia and progenitors

Dopaminergic
Transduction

Glial
Transduction

hmNPC
neurospheres

Tropism of Canine Adenovirus type‐2 (hdCAV‐2)

 High levels of CAR on human 
neurons and low on glial cells

PRECLINICAL EVALUATION OF VIRAL VECTOR FOR GENE THERAPY

Simão et al. (2016) Gene Therapy

48 www.ibet.pt 48

 hd-CAV transduced cells present neuronal-like morphology while hAd5 
present glia-like morphology

 Presence of hd-CAV transduced cells in inner layers of neurospheres

hd‐CAV‐2‐gfp Human Ad5‐gfp

Simão et al. (2016) Gene Therapy

PRECLINICAL EVALUATION OF VIRAL VECTOR FOR GENE THERAPY
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CONCLUDING REMARKS

• Homogeneous & reproducible differentiation of hNPC as 3D neurospheres in 
perfusion stirred‐tank bioreactors 

• Differentiation into neurons, astrocytes, oligodendrocytes

• Neuronal and glial maturation and synaptic functionality

• Remodeling of ECM and cell surface signatures towards higher recapitulation of 
neural microenvironment

• Applications in preclinical drug discovery, toxicology and disease modeling
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