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Introduction  
General Objectives 

 

The Center for Neuroscience and Cell Biology, is a research 

Institute committed to excellence in research in 

Neuroscience and Biomedicine with a main focus on 

άŦǳƴŘŀƳŜƴǘŀƭ ŀƴŘ ǘǊŀƴǎƭŀǘƛƻƴŀƭ ǊŜǎŜŀǊŎƘΣ ŀŘǾŀƴŎŜŘ ǘǊŀƛƴƛƴƎ 

and with capacity to provide specialized services to the 

ŎƻƳƳǳƴƛǘȅ ΧέΦ wŜǎŜŀǊŎƘ ƛǎ organized in 6 thematic areas, 

each coordinated by a senior scientist: Neuroscience and 

Disease, Molecular Biotechnology and Health, Cell and 

Molecular Toxicology, Microbiology, Biophysics and 

Biomedical NMR, Cell and Development Biology. The 

programme for each area is implemented by small groups 

each headed by a research leader in his field of study.  

The scientific productivity of CNC in 2010 is demonstrated 

by 227 publications (56 in press), an effort supported by 

96 grant projects (87 FCT Projects, 2 national projects, 7 

international projects). 

In 2010 CNC also supported the training of 186 PhD 

Students, (18 PhD Thesis concluded) and 62 MSc Students 

(24 MSc Thesis concluded). 

Translational research, organized as an Inter-institutional 

research programme, involves Hospitals, Pharmaceutical 

Companies and the Biotechnology Association Biocant.  

The Outreach Programme at CNC is devoted to the 

promotion of science outside the scientific community in 

ŀ ŎƭƻǎŜ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ά/ƛşƴŎƛŀ ±ƛǾŀέ tǊƻƎǊŀƳƳŜ ŀƴŘ 

άLƴǎǘƛǘǳǘƻ ǇŀǊŀ ŀ 9ŘǳŎŀœńƻ Ŝ /ƛŘŀŘŀƴƛŀέ (IEC) initiatives.  

Graduated training includes a Doctoral Programme in 

Experimental Biology and Biomedicine and the 

participation in the MIT-Portugal Doctoral Program. Since 

2009 CNC is a partner of the European Neuroscience 

Campus Network, which offers an uniform PhD training in 

Neuroscience. CNC integrates international networks 

such as the European Excellence Neuroscience Institutes 

Network (ENI-NET), the MIT-Portugal and Harvard 

Medical School-Portugal Programs, and is a founder of 

Health Cluster Portugal (HCP). 

CNC major mission is to foster fundamental and 

translational research and training in biomedical science 

with a particular focus on neurosciences. 
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Facts & Figures  

2010 

 

 

 

RESEARCH STAFF 

 

 Members holding Ph.D.   148    

 Ph.D.Students     186     

 MSc Students    62    

Grant Technicians   25      

  

 

Scientific papers published   171  

Scientific papers published In Press   56   

 

 

THESIS CONCLUDED  

 Ph.D. thesis    18     

 MSc thesis    24   

 



 

 6 

Organization 

 

The Center for Neuroscience and Cell Biology (CNC) is a non-profit biomedical research center of public utility at the 

University of Coimbra. CNC brings together scientists from the Faculties of Science and Technology, Medicine and Pharmacy 

and from the University Hospital. ¢ƘŜ /b/ ƛǎ ŀ ά[ŀōƻǊŀǘƽǊƛƻ !ǎǎƻŎƛŀŘƻέΦ 

Associate Members of CNC are: Universidade de Coimbra (principal associate ς 50%), Hospitais da Universidade de Coimbra, 

Fundação para a Ciência e Tecnologia, AIBILI, Fundação Bissaya Barreto and two comercial firms ς Reagente 5 and ILC. 

 

1- Governing Body 

 

 

President:    Catarina Resende de Oliveira 

 

Vice Presidents:    Euclides Pires 

Carlos Faro 

Leonor Almeida 

 

Honorary President:   Arsélio Pato de Carvalho 

  

Executive Council    Directors of the Departments  

Research Council     CNC members holding PhD 

ά/ƻƴǎŜƭƘƻ CƛǎŎŀƭά    T. Macedo, A. Rodrigues, Leal e Carreira 

άwŜǾƛǎƻǊ hŦƛŎƛŀƭ ŘŜ /ƻƴǘŀǎά   Leal e Carreira, Sociedade Revisora de Contas 

 

External Advisory Commitee Enrique Cadenas (USA); Roberta Brinton (USA); George Perry (USA); Mark Smith (USA); 

Helmut Sies (Germany); Stephen Zinder (USA).  

 

2- Scientific Areas and Research Groups 

 

At present, research programmes and projects are organized in 6 scientific areas, each coordinated by a senior scientist. 

The programme for each area is implemented by small research groups each headed by a research leader in his field of 

study. In 20010, the research groups for each area can be identified, according to the following organization: 

 

Neuroscience and Disease | Catarina Oliveira 

 Neuromodulation Group (Head: Rodrigo Cunha) 

 Glutamatergic Synapses Group (Head: Ana Luísa Carvalho) 

 Neuroprotection and Neurogenesis in Brain Repair Group (Head: João Malva) 

 Neuronal Cell Death and Neuroprotection Group (Head: Carlos B. Duarte) 

 Mitochondrial Dysfunction and Signaling in Neurodegeneration Group (Head: A. Cristina Rego) 
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 Molecular Mechanisms of Disease Group (Head: Claudia Pereira) 

Neuroendocrinology and Neurogenesis Group (Head: Claudia Cavadas) 

 

Molecular Biotechnology and Health | Euclides Pires 

 Molecular Biotechnology Group (Head: Carlos Faro) 

Molecular Systems Biology Group (Head: Armindo Salvador) 

 Structural and Computational Biology Group (Head: Rui Brito) 

 Vectors and Gene Therapy Group (Head: M. Conceição Pedroso Lima) 

Biomaterials and Stem Cell-Based Therapeutics Group (Head: Lino Ferreira) 

Pharmacometrics Group (Head: Amilcar Falcão) 

Biorganic and Medicinal Chemistry Group (Head: Mª Luisa Sá e Melo) 

 

Cell and Molecular Toxicology | Leonor Almeida 

 Mitochondrial Toxicology and Disease Group (Head: Paulo Oliveira) 

 Redox Biology in Health and DiseaseGroup (Head: João Laranjinha) 

  

Microbiology | Milton Costa 

Microbiology of Extreme Environments Group (Head: Milton Costa) 

Medical Mycology - Yeast Research Group (Head: Teresa Gonçalves) 

 

Biophysics and Biomedical NMR | Carlos Geraldes 

Inorganic Biochemistry and Molecular Imaging Group (Head: Carlos Geraldes) 

Intermediate Metabolism Group (Head: John Grifith Jones) 

 

Cell and Development Biology | Celeste Lopes and João Ramalho Santos 

 Cellular Immunology and Oncobiology Group (Head: Celeste Lopes) 

 Biology of Reproduction and Human Fertility Group (Head: João Ramalho Santos) 

Infection, Phagocytosis and Pathogens Group (Head: Otilia Vieira) 

Insulin, Resistance and Adipocite Group (Head: Eugénia Carvalho) 

Emerging Group 

 Chronic Inflammation Group (Head: Margarida Carneiro) 
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Neuroscience and 

Disease Area 
 

Coordinator: Catarina Resende Oliveira 
 

The core research activity of this area is focused on three 

main issues: 1. understanding synapses formation and 

modulation; 2. deciphering cellular and molecular 

mechanisms underlying selective neurodegeneration; 3. 

development of neuroprotective and neuroregenerative 

strategies. These aims have been accomplished by: 

analysing glutamatergic synaptic modification and mRNA 

translation in presynaptic differentiation; modulation of 

synaptic activity by purines, and control of 

endocannabinoids signalling; mitochondria dysfunction 

and inter-organelle cross-talk in neurodegeneration in 

!ƭȊƘŜƛƳŜǊΩǎ ŀƴŘ tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜǎ ŀƴŘ ŘƛŀōŜǘŜǎΤ 

exploring transcription deregulation linked to 

mitochondria-ŘǊƛǾŜƴ ŀǇƻǇǘƻǎƛǎ ƛƴ IǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜΤ 

studying excitotoxic neuronal damage and the expression 

of neurotrophic factors upon neuronal injury; studying 

the hypothalamic-adrenal axis and adipose tissue on 

healthy lifespan  and endogenous factors promoting 

neurogenesis from SVZ neural stem cells. 

The mais achievments in this area can summarized: 

- a proteomic screening for interactors of long-form 

AMPA receptor subunits identified novel proteins that 

bind to GluA1/GluA4-containing receptors. Presynaptic 

assembly requires axonal translation. 

- Caffeine and adenosine A2A receptors revert memory 

impairment caused by early life convulsions. They 

regulate brain inflammation and control presynaptic 

cannabinoid system.  Astrocytic CB1Rs control glucose 

uptake and metabolism and CB1R ligands normalize 

cortical glucoregulation.  

- !ʲ oligomers, induce ER stress in mature hippocampal 

cultures through NR2B subunits of NMDARs. Impaired ER 

Ca2+ homeostasis and enhanced ER stress was observed 

during AD progression. Diabetes induces mitochondrial 

abnormalities and an oxidative imbalance similar to those 

found in AD brains. Mitochondrial modulators protect 

brain endothelial and neuronal cells against high-glucose 

levels and promote a mild increase in reactive oxygen 

species levels. Mitochondrial alterations inŘǳŎŜŘ ōȅ !ʲ1-42 

affect the microtubular network. Taxol, a microtubule 

ǎǘŀōƛƭƛȊŜǊΣ ŀƳŜƭƛƻǊŀǘŜŘ ŎŜƭƭ ŘŜŀǘƘ ƛƴŘǳŎŜŘ ōȅ !ʲ ŀƴŘ 

reduced tau hyperphosphorylation.  

- In HD, BDNF prevents detrimental changes in transcription 

factors and histone acetylation states in cortical neurons 

exposed to selective mitochondrial inhibition. FK506 protects 

neurons against apoptosis and necrosis under mild cell death 

stimulus in the presence of FL-mHtt. 

- Excitotoxicity down-regulates full-length VGAT, with a 

concomitant generation of tVGAT, which is likely to affect 

GABAergic neurotransmission and may influence cell 

death during ischemia. Dopaminergic injury caused 

intense astrocyte proliferation in lesioned striatum and 

upregulation of A2AR. 

- Hypothalamic neurospheres express feeding-related 

neuropeptides, and differentiate to functional neurons 

that are affected in obesity. The retinal adenosinergic 

system is affected by diabetes/hyperglycemia. Gliptins 

inhibit basal and  insulin-induced lipid accumulation and 

low levels of hypoxia induced adipogenesis. 

- Neuronal differentiation in SVZ stem/progenitor cell 

cultures is promoted by soluble factors secreted by 

endothelial cells , growth hormone , NO and 

inflammatory molecules. 
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Neuromodulation Group 

 

Rodrigo A. Cunha   PhD ς Head of group 

 

Ângelo José R.Tomé PhD 

Attila Köfalvi   PhD 

Geanne M. Andrade  PhD 

Henrique B. Silva  PhD 

Lisiane O. Porciúncula  PhD 

Paula G. Agostinho  PhD 

Rui Prediger  PhD 

Ana Margarida Nunes Post-Doc Fellow 

Catarina Alexandra Gomes Post-Doc Fellow 

Daniela Pochmann  Post-Doc Fellow 

Manuella P. Kaster   Post-Doc Fellow 

Pablo Pandolfo   Post-Doc Fellow 

Alexandre S. Rodrigues  PhD Student 

Ana Patrícia Simões  PhD Student 

Ana Paula Ardais  PhD Student 

Ângela V. Fernandes PhD Student 

Carla Sofia G. Silva   PhD Student 

Elisabete O. Augusto  PhD Student 

Marco António P. Matos  PhD Student 

Nuno Miguel J. Machado PhD Student 

Pedro Manuel V. Garção  PhD Student 

Rui Sanches   PhD Student 

Samira C. Ferreira   PhD Student 

Sílvia Viana da Silva  PhD Student 

Tiago Manuel P. Alfaro PhD Student 

Diana Isabel Q. Rodrigues MSc Student 

Filipe Marques Teixeira MSc Student 

Francisco Q. Gonçalves MSc Student 

Caroline Veloso  Grant Technician 

 

 

Glutamatergic Synapses Group 

 

Ana Luísa Carvalho  PhD ς Head of group 

 

Ramiro Almeida  PhD 

Carlos Matos  PhD Student 

Joana Ferreira   PhD Student 

Luís Ribeiro   PhD Student 

Maria Inês Coelho  PhD Student 

Maria Joana Pinto  PhD Student 

Sandra Sofia Rebelo PhD Student 

Susana Louros  PhD Student 

Tatiana Catarino   PhD Student 

Dominique Fernendes MSc Student 

Luís Pedro Leitão  MSc Student 

Pedro Daniel Rio  MSc Student 

Tânia Marisa Perestrelo MSc Student 

Joana Pedro  Grant Technician 

 

 

Neuroprotection and Neurogenesis in Brain Repair 

Group 

 

João O. Malva   PhD ς Head of group 

 

Fabienne Agasse   PhD 

Liliana Bernardino   Post-Doc Fellow 

Sara Xapelli   Post-Doc Fellow 

Alexandra Rosa   PhD Student 

Helena Sofia Domingues PhD Student 

Joana Barbosa  PhD Student 

Maria Franciaca Eiriz PhD Student  

Raquel Ferreira   PhD Student 

Tiago Alexandre Santos PhD Student 

 

 

Neuronal Cell Death and Neuroprotection Group 

    

Carlos B. Duarte   PhD ς Head of group 

 

Armanda E. Santos   PhD 

Emília P. Duarte   PhD 

Margarida Vaz Caldeira Post-Doc Fellow 

Ana Rita A. Santos   PhD Student 

Graciano Leal   PhD Student 

Joana F. C. Fernandes PhD Student 

João T. Costa   PhD Student 

Marta Dias M.  Vieira  PhD Student 

Miranda Mele  PhD Student 

Diogo O. Comprido  MSc Student 

Patrícia Rebelo   Grant Technician 
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Mitochondrial Dysfunction and Signaling in Neurodegeneration 

Group 

 

Ana Cristina Rego  PhD ς Head of group 

 

Ildete Luisa Ferreira PhD 

Ana Isabel Duarte  Post-Doc Fellow 

Mª Teresa Cunha Oliveira Post-Doc Fellow 

Tatiana R. Rosenstock Post-Doc Fellow 

Ana Cristina Silva  PhD Student 

Luana Carvalho Naia PhD Student 

Márcio Ribeiro  PhD Student 

Mª João Rodrigues Ribeiro PhD Student 

Mário Laço  PhD Student 

Rita Perfeito  PhD Student 

Sandra Mota  PhD Student 

Carla Maria Nunes Lopes PhD Student 

Carolina Noronha  MSc Student 

Luis M. Bajouco  MSc Student 

Sofia Isabel Sousa  MSc Student 

 

 

Molecular Mechanisms of Disease Group 

 

Cláudia M. F. Pereira  PhD ς Head of group 

 

Catarina R. Oliveira  MD, PhD 

Mª Isabel J. Santana  MD, PhD 

Paula Isabel Moreira  PhD 

Sandra Isabel M. Cardoso  PhD 

Elisabete Baptista Ferreiro  Post-Doc Fellow 

Rosa M. B. Matos Resende  Post-Doc Fellow 

Ana Catarina Fonseca  PhD Student 

Ana Raquel Esteves  PhD Student 

Cristina Carvalho  PhD Student 

Daniela M. Arduíno  PhD Student 

Diana FF Silva  PhD Student 

Renato Xavier Santos  PhD Student 

Rui Oliveira Costa   PhD Student 

Sónia Correia   PhD Student 

Sueli Cristina Marques  PhD Student 

Susana Cardoso  PhD Student 

Ana Isabel P. Fernandes  MSc Student 

Daniel Santos  MSc Student 

Diana Raposo  MSc Student 

Diogo Martins Branco MSc Student 

Isaura Vanessa Martins MSc Student 

Sílvia Catarina F. Gomes MSc Student 

 

 

Neuroendocrinology and Neurogenesis Group 

 

Cláudia Cavadas  PhD ς Head of group 

 

António Francisco Ambrósio PhD Collaborator 

Armando Cristóvão  PhD 

Paulo Santos   PhD 

Caetana Carvalho   PhD 

Ana Rita Álvaro  PhD 

Inês Araújo   PhD 

Joana Salgado   Post-Doc Fellow 

Bruno Carreira  PhD Student 

Gabriel Costa  PhD Student 

Maria Inês Morte PhD Student 

Ana S. Carvalho PhD Student 

João Filipe Martins PhD Student 

Magda Santana  PhD Student 

Ana Isabel Santos MSc Student 

Ana Sofia Lourenço MSc Student 

Fábia Sofia Vicente MSc Student 

Jorge Pascoal MSc Student 

Marta Maria Estrada MSc Student 

Vanessa Machado MSc Student 

Ana Patricia Marques Grant Technician 

Célia Aveleira Grant Technician 

Vera Raquel Cortez  Grant Technician 
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Neuromodulation Group  | Head: Rodrigo A. Cunha 

¢ƘŜ ƎǊƻǳǇ ΨtǳǊƛƴŜǎ ŀǘ /b/Ω ǇǳǊǎǳŜŘ 

the following main objectives in 2010: 

Expand the wealth of brain disorders 

where the chronic consumption of 

moderate does of caffeine affords 

neuroprotection; 

Consolidate the involvement of 

adenosine A2A receptors in the 

control of neurodegeneration and 

explore their underlying mechanisms 

of action; 

Advance the hypothesis that 

synaptotoxicity is an initial key event 

and neuro-inflammation a main 

process responsible for amplification 

of neurodegeneration; 

Define if extracellular ATP is a danger 

signal in brain disorders and if the 

manipulation of its receptors (P2 

receptors) afford neuroprotection. 

 

The Laboratory of Neuromo-dulation 

and Metabolism group has two main 

lines of research interest: Mapping the 

pre- and post-synaptic 

neuromodulation in brain areas 

involved in neurological and 

psychiatric disorders. Since the endo-

cannabinoid system appears to be the 

major effect system of presynaptic 

neuromodulation, the CB1 

cannabinoid receptor is the major 

target of our interest. The 

adenosinergic and mono-aminergic 

systems tightly control the endo-

cannabinoid signalling and this control 

is impaired in all neuro-logical and 

psychiatric disorders. Thus, we also 

aim at disentangling the control on 

endocannabinoid signalling by several 

other neuromodulator systems.  

 

Endocannabinoids are released in an 

activity-dependent manner in the 

brain, but also, the endocannabinoid 

system represents a major anabolic 

homeostatic regulator system in the 

body, controlling the release as well as 

the action of insulin and IGFs. Hence, 

our second line of investigation 

tackles this putative role of CB1Rs in 

cerebral gluco-regulation, and the 

impairment of such putative control in 

disease models and in neurological 

patients. We also explore the putative 

glucoregulator role insulin and IGFs in 

the brain since this question is largely 

unanswered.  

 

¢ƘŜ ƎǊƻǳǇ ΨtǳǊƛƴŜǎ ŀǘ /b/Ω ŎƻƳpleted 

the following achievements in 2010: 

Editing a special issue of Journal of 

!ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ ŘŜŘƛŎŀǘŜŘ ǘƻ ǘƘŜ 

therapeutic prospects of caffeine in 

different brain disorders; 

Showing that caffeine and adenosine 

A2A receptors are valid therapeutic 

options to revert memory impairment 

caused by early life convulsions; 

Define the key enabling role of 

adenosine A2A receptors in triggering 

brain inflammation; 

Provide the first evidence that 

adenosine A2A receptors are a main 

switch controlling other presynaptic 

inhibitory neuromodulation system. 

 

The Laboratory of Neuromodulation 

and Metabolism group has pioneered 

several novel techniques in 2009 and 

2010 in the area of immunochemistry 

and neuro-chemistry to answer our 

scientific questions which has been 

unanswered by previous attempts of 

others. As a first step, we had to 

characterize these novel tools to 

master them, allowing thus a rapid 

execution of each tasks under 

optimized condition. 

 

We revealed that the A2A adenosine 

receptors co-localize with CB1 

cannabinoid receptors in both VGLUT-

1- and VGLUT-2-positive synapses in 

the striatum, as assessed by flow 

cytometry analysis of nerve terminals 

(a novel protocol invented and 

pioneered by us, allowing the rapid 

bulk assessment of the distribution 

and co-localization of synaptic 

markers), as well as with confocal 

microscopy. Furthermore, we found 

evidence for that post-synaptic A2ARs 

inhibit the release of 

endocannabinoids, while apparent 

presynaptic A2ARs inhibit the function 

of presynaptic CB1Rs in corticostriatal 

glutamatergic terminals (1 in press 

publication for 2011 and at least one 

more to submit). This fits in our major 

hypothesis that the adenosinergic 

system is an antagonistic modulator of 

the endocannabinoid system, and that 

ATP, co-released with glutamate 

under strong depolarization of the 

nerve terminal, degrades into 

adenosine in the synapse, and by 

antagonizing the endocannabinoid 

signalling, rescues the given terminal 

from being silenced. We also found  

evidence for the presence of 

functional CB1Rs in noradrenergic, 

serotonergic and glutamatergic 

terminals in the frontal cortex, where 

they inhibit the release of the neuro-

transmitter/ neuromodulator in 

question. 

 

As for the metabolic investigations, 

we are the second group which 

reveals functional CB1Rs in astrocytes. 

We found that these astrocytic CB1Rs 

can control glucose uptake and 

metabolism through the control of the 

GSK3alpha and the consequent 

glycogen synthesis. We used several 

techniques pioneered by us allowing 

the assessment of subregional 

differences in the uptake and 

metabolism of glucose. We discovered 

that beta-amyloid decreases the level 

of a major endocannabinoid molecule, 

anandamide, thereby impairs CB1R-

mediated glucoregulation in the 

hippocampus, which is also a major 

feature of the disease in humans (1 

submitted publication). Additionally, 

we found and we will report for the 

first time that type-1 diabetes induces 

early impairment in cortical glucose 

uptake and metabolism, and at later 

time-points, untreated type-1 
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diabetes maintains the impairment of 

the metabolism but not of the uptake 

of glucose (1 publication soon to be 

submitted). We found furthermore 

that CB1R ligands can normalize the 

early impairment in cortical 

glucoregulation. Indeed, this is 

accompanied with our novel 

observations that high concentrations 

of insulin (>30 nM) are capable of 

inducing large increases in the uptake 

and the metabolism of glucose, both 

in the cortex and in the hippocampus 

ς under CB1R blockade. This is in 

accordance with novel publications of 

others showing that CB1R blockade 

facilitates while CB1R activation 

ƛƳǇŀƛǊǎ ƛƴǎǳƭƛƴΩǎ ŀŎǘƛƻƴ ƛƴ ǇŜǊƛǇƘŜǊŀƭ  

 

 

 

 

tissues. We then also found that the 

presynaptic components of amino 

acid signalling in the hippocampus and 

the retina are affected by diabetes, 

although, these changes appeared 

subtle. 
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Glutamatergic Synapses Group | Head: Ana L. Carvalho 

 

Our research group is interested in 

studying synapses, the contacts 

between neurons where 

communication occurs. We are 

interested in understanding how 

these connections are formed and 

modified during development, and in 

response to neuronal activity. Changes 

in the efficiency of synapses are the 

cellular correlate of learning and 

memory, and synaptic dysfunction is 

an initial event in many 

neurodegenerative diseases. We use a 

combination of primary neuronal 

cultures, molecular cell biology and 

biochemistry to study excitatory 

glutamatergic synapses. Below is a 

brief description of some of the 

ongoing projects in the laboratory. 

 

Regulation of glutamatergic 

neurotransmission; PI: Ana Luísa 

Carvalho 

Glutamate receptors of the AMPA 

type mediate the fast excitatory 

neurotransmission in the CNS, and 

play key roles in synaptic plasticity. A 

proteomic screening performed in our 

laboratory identified novel binding 

partners for AMPA receptors (Santos 

el al. J. Proteome Res 2010), whose 

function we are currently addressing. 

Additionally, we are interested in 

stargazin, a member of the 

transmembrane AMPA receptor 

regulatory protein (TARP) family, 

which interacts with AMPA receptor 

subunits to facilitate their targeting to 

synapses. Stargazin-mediated synaptic 

targeting of AMPA receptors requires 

the interaction of stargazin with 

PSD95, and phosphorylation of 

stargazin. Based on preliminary data 

from our laboratory we are testing the 

hypothesis that stargazin and its 

phosphorylation may play a role in 

synaptic scaling, a form of 

homeostatic synaptic plasticity 

whereby neurons calibrate synaptic 

activity by adjusting their overall 

synaptic strength up or down to 

compensate for excessive excitation 

or inhibition.  

 

NMDA receptors are the Ca2+-

permeable ionotropic glutamate 

receptors that act as coincidence 

detectors in the induction of synaptic 

plasticity. There is much controversy 

in the field regarding the differential 

role of NMDA receptors composed of 

different subunits, both in what 

concerns their localization to synapses 

and their involvement in synaptic 

plasticity. In order to directly tackle 

this question, we are studying the 

mechanism of synaptic accumulation 

of NMDARs using neuronal cultures 

from knock-out mice for NMDAR 

subunits, and reintroducing 1) the 

individual splice variants for the GluN1 

subunit; 2) mutated subunits of the 

NMDAR complex, to identify molecular 

determinants involved in NMDAR 

trafficking. 

 

Appetite-regulating hormones such as 

leptin and ghrelin target the 

hypothalamus to mediate their 

effects, but have recently been 

described to affect hipopcampal-

dependent memory processes. A 

collaborative study with our 

laboratory showed that leptin 

regulates AMPA receptor traffic in the 

hippocampus (Moult et al. J Neurosci 

2010). We are currently interested in 

understanding how ghrelin, an appetite-

stimulating hormone which was shown 

to enhance memory processes and 

synaptic plasticity in the hippocampus, 

regulates glutamatergic transmission.  

¢ƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ άƘƻǘ ǎǇƻǘǎέ ƻŦ ŀȄƻƴŀƭ 

mRNA translation; PI: Ramiro Almeida 

It has been known for many years that 

ŀȄƻƴǎ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ άƭƻŎŀƭƭȅ 

ǊŜǎǇƻƴŘƛƴƎέ ǘƻ ƎǳƛŘŀƴŎŜ ŎǳŜǎ ōǳǘ ƻƴƭȅ 

now are the mechanisms responsible 

for these phenomena starting to be 

understood.  Recent data has shown 

that local translation is required for 

other neurodevelopmental 

mechanisms like neuronal survival and 

axonal pathfinding.  Also, the 

observation that distal axons have a 

diverse mRNA composition leads us to 

ask if local mRNA translation may play 

an important role in other 

neurodevelopmental processes like 

presynaptic differentiation. 

 

The first goal of our research was to 

ŜǎǘŀōƭƛǎƘ ǘƘŜ άƘƻǘ ǎǇƻǘǎέ ƻŦ ŀȄƻƴŀƭ 

mRNA translation.  For that purpose 

our objectives were to determine if 

local mRNA translation is required for 

presynaptogenesis and if local protein 

synthesis occurs at the sites of 

nascent synapses. 

 

We are interested in the binding 

partners of AMPA receptor subunits, 

and in how they change the receptor 

function, since the regulation of AMPA 

receptor function and traffic is at the 

basis for long-lasting changes in 

synaptic strength that underlie higher 

brain functions such as learning and 

memory (Santos et al. Neuroscience 

2009). We performed a proteomic 

screening for interactors of long-form 

AMPA receptor subunits (Santos et al. 

J Proteome Res 2010), and identified, 

along with known interactors, novel 

proteins that bind to GluA1/GluA4-

containing receptors. We have 

focused our attention on the cell 

adhesion molecule Caspr1, which 

interacts with AMPA receptor 

subunits. This protein partially 

localizes to excitatory synapses, and 

its overexpression in hippocampal 

neurons promotes the synaptic 

localization of GluA1, whereas its 
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Local axonal application of FGF22 induces presynaptic assembly in hippocampal neurons 
cultured in microfluidic chambers. 
 

downregulation using shRNA 

decreases the synaptic clustering of 

GluA1-containing AMPA receptors. 

Co-expression of Caspr1 refractory to 

the shRNA molecules can rescue basal 

levels of synaptic AMPA receptors in 

hippocampal neurons in culture. 

Additionally, in an heterologous 

system, co-transfection of GluA1 with 

Caspr1 increases the amplitude of 

glutamate-evoked currents. These 

data suggest that Caspr1 regulates 

AMPA receptor function (Santos et al. 

in preparation). 

 

Another goal of the research in the 

group is to understand the 

mechanisms of synaptic accumulation 

of NMDA receptors. NMDA receptors 

in hippocampal neurons are tetramers 

comprised of two GluN1 subunits 

combined with two GluN2A and/or 

GluN2B subunits. GluN1 is essential 

for channel function and for trafficking 

GluN2 to synapses, and is alternatively 

spliced. To address the role of GluN1 

splice variants in synaptic targeting in 

a physiological context, in 

collaboration with Ann Marie Craig at 

the University of British Columbia we 

developed a lentiviral expression 

system to rescue expression of GluN1 

in hippocampal cultures from GluN1-/ - 

mice. Contrary to predictions in the 

literature, we found that GluN1 splice 

variants accumulate at the synapse at 

similar levels, all exhibit increased 

synaptic accumulation with chronic 

blockade of NMDA receptor activity, 

and all disperse to extrasynaptic 

membrane upon activation of PKC. 

These results indicate that the major 

mechanisms mediating homeostatic 

synaptic accumulation and PKC dispersal 

of NMDA receptors occur 

independently of GluN1 splice isoform 

(Ferreira et al. under revision in J. Biol. 

Chem.). 

As mentioned in the previous section, 

the goal of the research work 

coordinated by Ramiro Almeida is to 

detect if local mRNA translation is 

required upon induction of 

presynaptogenesis.  For that purpose 

we need to physically isolate axons 

from cell bodies.  In order to achieve 

this objective, we made use of 

microfluidic chambers, small multi-

compartment devices capable of 

creating physical and fluidical 

independent areas.  We successfully 

established a microfluidic culture 

system and using this new platform 

we were able to specifically induced 

axonal differentiation.  We observed                

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

that presynaptic assembly requires 

axonal translation, indicating that 

local protein translation can regulate 

the formation of new synapses.  Using 

a reporter system we are currently 

evaluating if mRNA translation occurs 

locally in the axons at pre-existing 

synaptic sites or, as an alternative, if 

induced presynaptogenesis requires 

the formation of new synaptic sites. 
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Neuroprotection and Neurogenesis in Brain Repair Group | Head: João O. Malva 

 

Project nº PTDC/SAU-

NEU/101783/2008  

The general aim of the project is to 

elucidate, at least in part, how the 

endothelial cells may influence 

stemness and neurogenesis from the 

neural stem cells of the subventricular 

zone (SVZ) neurogenic niche. During 

the past year, we studied 2 types of 

heterocellular cell interactions: one 

based on the secretion of soluble 

factors by endothelial cells and we 

decided to focus our attention on the 

Angiopoietin-1 (Ang-1), and the other 

one involving contact via laminin-1 

bƛƴŘƛƴƎ ǘƻ ʰсʲм ƛƴǘŜƎǊƛƴΦ ¢ƘŜǎŜ 

studies correspond to task 1 and 2 of 

the project.  

 

Project nº PTDC/SAU-

NEU/104415/2008 

We are unraveling the effects of 

histamine and its receptors in SVZ cell 

proliferation, survival and 

differentiation/maturation using both 

in vitro and in vivo experimental 

models. To promote an efficient 

delivery of histamine into the 

neurogenic niche we are using poly 

(lactic acid-co-glycolic acid) (PLGA) 

microparticles as a biomaterial 

engineered to incorporate and release 

histamine in a controlled way, under 

physiologic conditions. 

 

tǊƻƧŜŎǘ  ά9ƴŘƻŎŀƴƴŀōƛƴƻƛŘǎ ŀǎ 

ƳƻŘǳƭŀǘƻǊǎ ƻŦ ƴŜǳǊƻƎŜƴŜǎƛǎέ 

We are investigating the capacities of 

cannabinoids to modulate 

neurogenesis in SVZ cell cultures via 

stimulation of the type 1 cannabinoid 

receptor (CB1R). The presence of 

CB1R in SVZ cells was assessed by 

immunocytochemistry and western 

blotting and CB1R-immunoreactivity 

was detected in nestin- and in GFAP- 

positive cells.  

 

Project ά5ƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ ƴŜǳǊŀƭ ǎǘŜƳ 

cells by a novel retinoic acid-loaded 

ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳέ 

In this project, we aim to better 

understand how retinoic acid (RA) 

regulates SVZ neurogenesis and the 

respective intracellular pathways and 

cellular processes that can be involved 

in the neuronal differentiation. As a 

strategy to improve intracellular 

delivery of RA, taking into 

consideration difficulties raised by its 

poor solubility in water, RA-loaded 

nanoparticles were developed. 

Nanoparticles revealed to be an 

excellent platform to ensure RA 

delivery and were able to induce 

neuronal differentiation. 

 

tǊƻƧŜŎǘ ά/ƻƴǘǊƛōǳǘƛƻƴ ƻŦ ƳƛŎǊƻƎƭƛŀ ǘƻ 

neural inflammation: Neuropeptide Y 

modulates IL-м-̡induced microglia 

ŀŎǘƛǾŀǘƛƻƴέ 

We are interested in investigating the 

effect of neuropeptide Y (NPY) on the 

production of nitric oxide (NO) and IL-

мʲ ƛƴ ƳƛŎǊƻƎƭƛŀΦ 

 

Project άCǳƴŎǘƛƻƴŀƭ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 

subventricular zone-derived 

ƻƭƛƎƻŘŜƴŘǊƻŎȅǘŜǎέ 

The project aimed at developing a 

functional methodology, based on 

single cell calcium imaging, to study 

oligodendroglial differentiation from 

SVZ cultures. Using a sequence of cell 

type-specific stimulus under real time 

calcium levels recordings, we intended 

to achieve a unique calcium signature 

for each cell type present on a SVZ 

culture. Accordingly, neurogenic, 

astrogenic and oligodendrogenic 

compounds were used to validate our 

method based on the verification of a 

shift on the calcium pattern of the 

whole cell population. 

Project άGrowth hormone (GH)-

mediated actions on dentate gyrus 

neural stem cellsέ 

In this study we are investigating the 

role of growth hormone (GH) on 

cultures of neural stem cells. Results 

indicate that GH is present in the 

cytoplasm of newborn neural cells and 

that the hippocampal production of 

these neural precursors is significantly 

increased by the hormone, suggesting 

that GH plays an important role on 

brain stem cells proliferation. 

 

Main Achievements  

 

Project nº PTDC/SAU-

NEU/101783/2008  

We showed that Ang-1 promote 

proliferation and neuronal 

differentiation in SVZ stem/progenitor 

cell cultures. This work has been 

ǇǳōƭƛǎƘŜŘ ƛƴ ά¢ƘŜ WƻǳǊƴŀƭ ƻŦ 

bŜǳǊƻǎŎƛŜƴŎŜέΣ ŀ ƧƻǳǊƴŀƭ ƻŦ ƘƛƎƘ ƛƳǇŀŎǘ 

factor in the field of Neuroscience. We 

also showed that physical contact with 

endothelial cells sustains stemness in 

SVZ cells. This work will be ready for 

publication in 2011.  

 

Project nº PTDC/SAU-

NEU/104415/2008 

Exposure of SVZ neurospheres to 

histamine or histamine-releasing 

microparticles increased the 

percentage of NeuN-neurons as well 

as the percentage of cells displaying 

neuronal-like profile of intracellular 

calcium calcium ([Ca2+]i) responses 

detected by single-cell calcium 

imaging. This proneurogenic effect 

was mediated via activation of 

histamine 1 receptor (H1R). 

Moreover, histamine induced 

phospho-JNK-labeling in tau-positive 

axons. Using an ex vivo approach 

consisting in co-culturing SVZ-GFP 

neurospheres and hippocampal slices, 

we showed that histamine-releasing 

microparticles promoted an increase 

of doublecortin/GFP positive cells 

after 1 week.  
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MAP2 in red, GFP in green, Hoechst 33342 in blue 

Project ά9ƴŘƻŎŀƴƴŀōƛƴƻƛŘǎ ŀǎ 

ƳƻŘǳƭŀǘƻǊǎ ƻŦ ƴŜǳǊƻƎŜƴŜǎƛǎέ 

Proliferation is increased in SVZ 

cultures exposed to 100 nM, 300 nM 

and 1 µM of (R)-(+)-Methanandamide 

(CB1 receptor agonist) for 48 h as 

assessed using the BrdU incorporation 

assay. Moreover, (R)-(+)-

Methanandamide induces neuronal 

differentiation in 7 day-treated culture 

as functionally and morphologically 

evaluated using single cell calcium 

imaging  and NeuN+ cells counting. 

This proneurogenic effect was 

mediated via activation CB1R, since a 

/.мw ŀƴǘŀƎƻƴƛǎǘ ό!aнрм м˃aύ 

blocked this effect.  

 

tǊƻƧŜŎǘΥ ά5ƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ ƴŜǳǊŀƭ 

stem cells by a novel retinoic acid-

ƭƻŀŘŜŘ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳέ 

Nanoparticles were able to efficiently 

deliver RA within mouse SVZ cells and 

consequently promoted neuronal 

differentiation. In fact, exposure of 

SVZ cells to 0.1µg/mL RA-

nanoparticles for 7 days induced a 

higher expression of neuronal markers 

ƭƛƪŜ bŜǳb όϤмср҈ύΣ ʲ-III tubulin 

(~135%) and NR1 (~150%), as 

compared to control cultures (100%). 

This phenotypic neuronal 

differentiation occurred in parallel 

with increased functional neuronal 

activity, detected by Single Cell 

Calcium Imaging. The work developed 

during this period culminated in one 

published paper. 

 

tǊƻƧŜŎǘ ά/ƻƴǘǊƛōǳǘƛƻƴ ƻŦ ƳƛŎǊƻƎƭƛŀ ǘƻ 

neural inflammation: Neuropeptide Y 

modulates IL-мʲ ƛƴŘǳŎŜŘ ƳƛŎǊƻƎƭƛŀ 

ŀŎǘƛǾŀǘƛƻƴέ 

Our results showed that upon LPS 

challenge (100 ng/ml), microglial cells 

release IL-мʲΣ ǿƘƛŎƘ ǇǊƻƳƻǘŜǎ ǘƘŜ bh 

production through a NF-ˁ.-

dependent pathway. Moreover, 1 mM 

NPY inhibits NO synthesis through Y1 

receptor activation, which prevents IL-

м ʲ release and thus inhibits nuclear 

translocation of NF-ˁ.Φ ¢ƘŜ ǊƻƭŜ ƻŦ 

NPY in key inflammatory events may 

contribute to unravel novel gateways 

to modulate inflammation associated 

with brain pathology. 

 

tǊƻƧŜŎǘ  άCǳƴŎǘƛƻƴŀƭ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 

subventricular zone-derived 

ƻƭƛƎƻŘŜƴŘǊƻŎȅǘŜǎέ 

By applying a rational sequence of 

three stimuli ς KCl, histamine and 

thrombin - to the heterogeneous cell 

population we were able to identify 

each cell phenotype according to its 

calcium signature.  

Oligodendrocytes are the thrombin-

responsive cells in a SVZ cell culture, 

and exert no intracellular calcium 

increase upon KCl or histamine 

administration, which on their turn, 

stimulate neurons and immature cells 

respectively. Astrocytes, on the other 

hand, are non-responsive to any of 

the stimuli.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Project άGrowth hormone (GH)-

mediated actions on dentate gyrus 

neural stem cellsέ 

There is a cooperative neuro-

regenerative effect between 

endogenous and exogenous GH. Our 

results demonstrate that GH is a 

potent factor for inducing 

proliferation and survival of these 

neural stem cells. We demonstrated 

here that the hormone activates 

various anti-apoptotic pathways. In 

summary, our data show that GH may 

be a powerful weapon for the repair 

of central nervous system injuries. 
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Neuronal Cell Death and Neuroprotection Group | Head: Carlos B. Duarte 

 

Numerous disorders of the CNS are 

characterized by neuronal cell death, 

which may arise from the deregulation 

of the activity of neurotransmitter 

systems or insufficient neurotrophic 

support. In brain ischemia and in 

several neurological disorders there is 

an excessive accumulation of the 

neurotransmitter glutamate, and the 

resulting overactivation of glutamate 

receptors causes neuronal death 

(excitotoxicity). This group studies 

molecular mechanisms contributing to 

excitotoxic neuronal damage, 

particularly in the hippocampus, a 

brain region highly vulnerable to 

glutamate toxicity. 

 

The [Ca
2+

]i overload resulting from 

overactivation of Ca
2+

 permeable 

glutamate receptors activates Ca
2+

-

dependent signalling pathways that 

are coupled to neuronal death 

through regulation of transcription 

activity. This group is particularly 

interested in the contribution of the 

JNK signalling pathway in excitotoxic 

cell death, focusing on the role of JNK 

scaffold proteins and on transcription 

regulation. 

 

In addition to the activation of toxic 

signalling pathways, the [Ca2+]i 

overload under excitotoxic conditions 

also upregulates the activity of 

calpains, which cleave several 

neuronal proteins. Many of these 

proteins are not degraded after 

cleavage, but their subcellular 

distribution and/or activity may be 

affected. This group is investigating 

changes in proteolysis under 

excitotoxic conditions and the impact 

on the activity of GABAergic and 

glutamatergic neurons. Changes in the 

glutamatergic and GABAergic systems 

in brain ischemia should affect the 

balance between excitatory and 

inhibitory activity, thereby modulating 

the demise process.  

Another goal of this group is to 

understand the mechanisms 

controlling the expression of 

neurotrophic factors upon neuronal 

injury. We have previously reported 

that selective injury to dopaminergic 

neurons in substantia nigra cell 

cultures triggers the expression of glial 

cell line-derived neurotrophic factor 

(GDNF), a trophic factor involved in 

the protection and repair of 

nigrostriatal dopaminergic neurons in 

animal models of ParƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ 

(Neurobiol Dis 23, 533-542 [2006]). 

We have shown that GDNF 

upregulation by astrocytes is triggered 

by diffusible factors released upon 

neuronal injury (Neurobiol Dis 25, 92-

104 [2007]). A potential interaction 

between adenosine and the 

neuroprotective actions of GDNF is 

under investigation since adenosine 

agonists have been shown to increase 

the expression of neurotrophic 

factors. However, adenosine A2A 

antagonists are emerging as promising 

therapeutic agents to control motor 

symptoms in PŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜΦ 

 

In transient global cerebral ischemia 

the activation of Ca2+-permeable 

AMPA receptors (Ca-AMPARs) is 

crucial to prime hippocampal neuronal 

death. We investigated the role of the 

JNK signaling pathway in the 

propagation of the excitotoxic signal 

downstream Ca-AMPARs. Using 

HEK293 cells expressing GluA4 

containing Ca-AMPARs we showed 

that excitotoxicity mediated by these 

receptors is partially regulated by the 

Ca
2+

-dependent activation of JNK. In 

vivo studies in rats injected (i.p.) with 

kainate, which induces hippocampal 

neuron death upon activation of 

AMPARs, showed an increased 

interaction between the endogenous 

GluA4 subunits and the N-terminal 

region of the JNK scaffold protein JIP-1 

in the rat brain hippocampus. The 

results suggest that JIP-1 might 

propagate the toxic signal mediated 

by GluA4-containing Ca-AMPARs 

(Vieira et al., 2010).  

 

Under excitotoxic conditions there is 

also a deregulation of proteolytic 

systems, and abnormal cleavage of 

key proteins. Despite the 

downregulation of the proteasome 

under these conditions we found that 

excitotoxic stimulation of 

hippocampal neurons leads to 

cleavage of GAD65 and GAD67 by a 

mechanism sensitive to inhibitors of 

the ubiquitin-proteasome system. 

However, since none of the proteins 

are directly ubiquitinated the results 

suggest that GADs are cleaved after 

ubiquitination and degradation of an 

unknown binding partner by the 

proteasome. The characteristic 

punctate distribution of GAD65 along 

neurites of differentiated 

hippocampal neurons was lost after 

excitotoxic injury, and the total GAD 

activity measured in brain extracts at 

24h postmortem (when there is a 

partial cleavage of GADs) was also 

decreased (Baptista et al., 2010). 

 

In additional studies we investigated 

the changes in VGAT protein levels 

during ischemia and in excitotoxic 

conditions, which may also affect the 

demise process. We found that VGAT 

is cleaved by calpains following 

excitotoxic stimulation of 

hippocampal neurons with glutamate, 

giving rise to a stable cleavage product 

(tVGAT). VGAT cleavage was also 

observed after transient cerebral 

ischemia and following 

intrahippocampal injection of kainate. 

Calpain cleaves the transporter in the 

N-terminal region, and VGAT cleavage 

induces a loss of synaptic delivery. Our 

results show that excitotoxicity down-

regulates full-length VGAT, with a 

concomitant generation of tVGAT, 

which is likely to affect GABAergic 

neurotransmission and may influence 

cell death during ischemia (Gomes et 
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VGAT cleavage under excitotoxic conditions changes the distribution of the protein along axons. 
(A) and (B) represent the distribution of the protein under control conditions and after 
excitotoxic stimulation, respectively. VGAT cleavage at the N-terminal region by calpain may 
eliminate trafficking signals that determine the subcellular distribution of the protein. 
Therefore, tVGAT is not accumulated in the vesicles present in synaptic regions. This is likely to 
affect the amount of GABA stored in synaptic vesicles accumulated at the synapse and may 
decrease the synaptic release of the neurotransmitter (from J Neurosci 31, 4622-4635 [2011]).  
 

al., J Neurosci 31, 4622-4635 [2011]). 

In the 6-hydroxydopamine rat model 

ƻŦ tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜΣ ǘƘŜ 

degeneration of dopaminergic 

neurons was associated with a marked 

increase in the expression of A2A 

receptors (A2AR) in striatal astrocytes. 

A novel finding of this work was that 

although dopaminergic injury caused 

intense astrocyte proliferation all over 

the lesioned striatum, upregulation of 

A2AR was mostly observed in 

astrocytes in areas of spared 

dopaminergic terminals, in the 

transition between lesioned tissue, 

completely devoid of dopaminergic 

markers, and areas with surviving 

dopaminergic terminals. In the 

transition areas, thicker axons and 

hypertrophy of dopaminergic 

terminals suggest an attempt of 

neuronal repair, which does not 

support the idea that stimulation of 

neuroinflammatory mechanisms by 

A2AR contributes to the demise of 

dopaminergic neurons. No 

upregulation of the potent 

dopaminotrophic factor GDNF was 

observed in these conditions. In 

addition, neuronal cells bodies stained 

for tyrosine hydroxylase were 

observed in the transition areas, 

suggesting that some striatal neurons 

might undergo a change in 

neurotransmitter phenotype as a 

compensatory reaction to 

degeneration of dopaminergic 

terminals. In vivo administration of A2A 

agonists or antagonists is currently  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

underway to test the role of A2AR in 

the survival and regeneration of 

dopaminergic terminals and in toxin-

induced proliferation of glial cells in 

the striatum. 
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Mitochondrial Dysfunction and Signaling in Neurodegeneration Group | Head: A. Cristina Rego 

 

In 2010 the research group 

ΨaƛǘƻŎƘƻƴŘǊƛŀƭ ŘȅǎŦǳƴŎǘƛƻƴ ŀƴŘ 

ǎƛƎƴŀƭƛƴƎ ƛƴ ƴŜǳǊƻŘŜƎŜƴŜǊŀǘƛƻƴΩ 

explored transcription deregulation 

linked to mito-chondrial inhibition and 

mitochondrial-driven apoptosis in 

ƘǳƳŀƴ IǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜ όI5ύ 

versus control cybrid lines exposed to 

stress stimuli affecting the 

mitochondria. In this context we 

determined the protective role of 

brain-derived neurotrophic factor 

(BDNF), an important neurotrophin 

that seems to be affected in HD 

brains, and FK506, a calcineurin 

inhibitor. We further analysed 

neuronal intrinsic apoptotic pathway 

upon cocaine and heroin combination, 

relevant for understanding the 

neurotoxic consequences of speedball 

abusers. 

 

HD is a genetic neuro-degenerative 

disorder characterized by striatal 

neuro-degeneration and involving 

apoptosis. In Ferreira et al (Exp. 

Neurol. 222, 243-255, 2010) we aimed 

to investigate the involvement of 

mitochondrial-dependent apoptosis in 

Huntington's disease (HD) versus 

control cybrids, obtained from the 

fusion of human platelets with 

mitochondrial DNA-depleted NT2 

cells, and further exposed to 3-

nitropropionic acid (3-NP, an 

irreversible inhibitor of succinate 

dehydrogenase) or staurosporine (STS, 

a classic inducer of intrinsic 

apoptosis). 

 

3-NP that has been used to explore 

the primary mechanisms of cell death 

associated with mitochondrial 

dysfunction, metabolic impairment 

and neurodegeneration in 

Huntington's disease. Previously we 

showed that BDNF protected cortical 

neurons against apoptotic cell death 

caused by inhibition of mitochondrial 

complex II (with 3-NP) by regulating 

the degradation of the pro-apoptotic 

protein Bim (Almeida et al., Neurobiol. 

Dis. 35, 448-456, 2009). In Almeida et 

al. (Neurotox. Res. 17, 399-405, 2010), 

we investigated the roles of  the 

neurotrophins BDNF and NGF in the 

dysregulation of transcription factors 

and histone modifying enzymes 

induced by 3-NP in primary cortical 

neurons. 

 

FK506 is an inhibitor of calcineurin (or 

protein phosphatase 3, formerly 

known as protein phosphatase 2B) 

which has shown neuroprotective 

effects in several cellular and animal 

models of HD. In previous studies we 

showed that FK506 prevented 

mitochondrial-dependent apoptotic 

cell death induced by 3-NP in rat 

primary cortical cultures through 

redistribution of Bcl-2 and Bax in the 

mitochondrial membrane, namely a 

decrease in mitochondrial Bax and an 

increase in mitochondrial Bcl-2 levels 

upon exposure to FK506 and 3-NP 

(Almeida et al., Neurobiol. Dis. 17, 

435-444, 2004). Thus, we examined 

the protective effects of FK506 in two 

striatal HD models, primary rat striatal 

neurons treated with 3-NP and 

immortalized striatal STHdh cells 

derived from HD knock-in mice 

expressing normal (STHdh
7/7

) or full-

length mutant huntingtin (FL-mHtt) 

with 111 glutamines (STHdh
111/111

), 

under basal conditions or after 

exposure to 3-NP or STS (Rosenstock 

et al., Neurochem. Int., in press). 

 

Cocaine and heroin are frequently co-

abused by humans, in a combination 

known as speedball. Recently, 

chemical interactions between heroin 

(Her) or its metabolite morphine 

(Mor) and cocaine (Coc) were 

described, resulting in the formation 

of strong adducts. In Cunha-Oliveira et 

al. (Toxicology 276, 11-17, 2010), we 

evaluated whether combinations of 

Coc and Her affect the neurotoxicity 

of these drugs, using rat cortical 

neurons incubated with Coc, Her, Her 

followed by Coc (Her+Coc) and Her 

plus Coc (Her:Coc). 

 

In Ferreira et al (Exp. Neurol. 222, 243-

255, 2010) we showed that HD cybrids 

did not exhibit significant 

modifications in the activity of 

mitochondrial respiratory chain 

complexes I-IV or in mtDNA sequence 

variations suggestive of a primary role 

in mitochondrial susceptibility in the 

subpopulation of HD carriers studied. 

However, a slight decrease in 

mitochondrial membrane potential 

and increased formation of 

intracellular hydroperoxides was 

observed in HD cybrids under basal 

conditions. Furthermore, apoptotic 

nuclei morphology and a moderate 

increase in caspase-3 activation, as 

well as increased levels of superoxide 

ions and hydroperoxides were 

observed in HD cybrids upon 3-NP or 

STS treatment. 3-NP-evoked apoptosis 

in HD cybrids involved cytochrome c 

and AIF release from mitochondria, 

which was associated with 

mitochondrial Bax translocation. 

Control cybrids subjected to 3-NP 

showed increased mitochondrial Bax 

and Bim levels and the release of AIF, 

but not cytochrome c, suggesting a 

different mode of cell death, linked to 

the loss of membrane integrity. 

Additionally, increased mitochondrial 

Bim and Bak levels, and a slight 

release of cytochrome c in untreated 

HD cybrids may help to explain their 

moderate susceptibility to 

mitochondrial-dependent apoptosis. 

 

In Almeida et al. (Neurotox. Res. 17, 

399-405, 2010) we further showed 

that BDNF prevented the 3-NP-

induced decrease in cAMP response-

element binding protein (CREB) 

phosphorylation and CREB-binding 

protein levels. Both NGF and BDNF 

counteracted the increase in the levels 

of histone H3 and H4 acetylations and 
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Representative image of apoptotic and necrotic cell death induced by 3-nitropropionic acid (3-

btύ ƻǊ ǎǘŀǳǊƻǎǇƻǊƛƴŜ ό{¢{ύ ƛƴ IǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜ όI5ύ ŀƴŘ ŎƻƴǘǊƻƭ ό/¢wύ ŎȅōǊƛŘǎΦ /Ŝƭƭǎ ǿŜǊŜ 

incubated with Hoechst 33342 plus propidium iodide and observed under fluorescence 

microscopy for nuclei morphology. 

In: Ferreira IL, Nascimento MV, Ribeiro M, Almeida S, Cardoso SM, Grazina M, Pratas J, Santos 

MJ, Januário C, Oliveira CR, Rego AC (2010) Mitochondrial-dependent apoptosis in Huntington's 

disease human cybrids. Exp Neurol. 222: 243-255. 

 

reduced histone deacetylase (HDAC) 

activity induced by 3-NP. BDNF further 

led to hyperphosphorylation of 

HDAC2. Our results support an 

important role for neurotrophins, 

particularly BDNF, in preventing 

detrimental changes in transcription 

factors and histone acetylation states 

in cortical neurons that have been 

subjected to selective mitochondrial 

inhibition. 

 

In Rosenstock et al. (Neurochem. Int., 

in press) we showed that FK506 

ameliorates cell death features in 

IǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜ ǎǘǊƛŀǘŀƭ ŎŜƭƭ 

models. In rat striatal neurons, FK506 

abolished 3-NP-induced increase in 

caspase-3 activation, DNA 

fragmentation/condensation and 

necrosis. Nevertheless, in STHdh111/111 

cells under basal conditions, FK506 

could not prevent in a significant way 

the release of cytochrome c and 

apoptosis inducing factor (AIF) from 

mitochondria, or alter Bax/Bcl-2 ratio, 

but significantly reverted caspase-3 

activation. In STHdh111/111 cells treated 

with 0.3 mM 3-NP or 25 nM STS, 

linked to high necrosis, exposure to 

FK506 exerted no significant effects 

on caspase-3 activation. However, 

effects of FK506 on STHdh111/111 cells 

exposed to 10 nM STS showed that 

this compound can effectively prevent 

cell death by apoptosis and moderate 

necrosis. The results suggested that 

FK506 may be neuroprotective against 

apoptosis and necrosis under mild cell 

death stimulus in the presence of FL-

mHtt. 

 

In Cunha-Oliveira et al. (Toxicology 

276, 11-17, 2010) we demonstrated 

that neurons exposed to Her, Her 

followed by Coc (Her+Coc) and Her 

plus Coc (Her:Coc, 1:1) exhibited a 

decrease in cell viability, which was 

more pronounced in neurons exposed 

to Her and Her+Coc, in comparison 

with neurons exposed to the mixture 

(Her:Coc). Cells exposed to the 

mixture showed increased 

intracellular calcium and 

mitochondrial dysfunction, as 

determined by a decrease in 

intracellular ATP levels and in 

mitochondrial membrane potential, 

displaying both apoptotic and necrotic 

characteristics. Conversely, a major 

increase in cytochrome c release, 

caspase 3-dependent apoptosis, and 

decreased metabolic neuronal viability  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

were observed upon sequential 

exposure to Her and Coc. The data 

show that drug combinations 

potentiate cortical neurotoxicity and 

that the mode of co-exposure changes 

cellular death pathways activated by 

the drugs, strongly suggesting that 

chemical interactions occurring in 

Her:Coc, such as adduct formation, 

shift cell death mechanisms towards 

necrosis. Since impairment of the 

prefrontal cortex is involved in the loss 

of impulse control observed in drug 

addicts, the data presented may 

contribute to explain the increase in 

treatment failure observed in 

speedball abusers. 
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Molecular Mechanisms of Disease Group | Head: Cláudia Pereira 

 

 

!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ό!5ύ ŀƴŘ 

tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ όt5ύ ŀǊŜ 

progressive neurodegenerative 

diseases characterized by the 

extracellular deposition of amyloid-

beta peptide (A̡) and alpha-synuclein 

(a-syn), respectively. Although the 

aberrant peptide accumulation is 

recognized as an important common 

feature in these neurodegenerative 

diseases, the mechanisms of 

pathogenesis remain an important 

subject of competing hypothesis and 

debate. The major goal of the 

Molecular Mechanisms of Disease 

group during 2010 was to identify 

novel strategies for therapeutic 

intervention that may delay or even 

stop the neurodegenerative process in 

these brain disorders. 

 

The involvement of mitochondria 

dysfunction, which has emerged as a 

ǇƻǘŜƴǘƛŀƭ ΨƭƻǿŜǎǘ ŎƻƳƳƻƴ 

ŘŜƴƻƳƛƴŀǘƻǊΩ ƭƛƴƪƛƴƎ ǎŜǾŜǊŀƭ 

neurodegenerative disorders, was 

investigated using in vitro and in vivo 

AD models. We further explored the 

mitochondria/endoplasmic reticulum 

(ER) cross-talk as a primary molecular 

mechanism leading to neuronal loss 

triggered in AD by AʲΣ ƴŀƳŜƭȅ ōȅ Aʲ 

oligomers (the main neurotoxins in 

AD). Furthermore, we analyzed the 

role of different subunits of N-methyl-

D-aspartate receptors (NMDARs) in 

oligomeric A -̡induced ER stress.   

 

Another goal of our research group is 

to clarify the impact of type 1 and 

type 2 diabetes and associated 

complications on brain function 

(including cognitive performance) and 

AD development. The focus of our 

studies has been the analysis of 

mitochondrial (dys)function and their 

signaling pathways            particularly 

in neuronal and brain endothelial 

cells.  The realization that 

mitochondria are at the intersection 

ƻŦ ŎŜƭƭǎΩ ƭƛŦŜ ŀƴŘ ŘŜŀǘƘ Ƙŀǎ ƳŀŘŜ ǘƘŜƳ 

a promising target for drug discovery 

and therapeutic interventions. In this 

line, we are interested in clarifying if 

mitochondria or their signaling 

pathways can be manipulated to 

promote preconditioning-induced 

brain tolerance (an adaptive response 

that protects the brain against the 

same stress or against a different 

stress). 

 

Another main research interest is to 

evaluate the role of mitochondrial 

dysfunction on microtubule 

depolymerization, proteassomal 

impairment and protein aggregation, 

and its relevance to the 

neurodegenerative pathway in AD and 

PD. The role of mitochondria-

mediated autophagic up-regulation on 

the control of cell death/survival in PD 

and AD is one of our main goals. 

 

A  ̡ activates an ER stress-mediated 

apoptotic pathway by a 

mitochondrial-ŘŜǇŜƴŘŜƴǘ ǇǊƻŎŜǎǎΦ !ʲΣ 

ƴŀƳŜƭȅ !ʲ oligomers, induce ER stress 

in mature hippocampal cultures upon 

interaction with NR2B subunits of 

NMDARs by a mechanism involving 

NADPH oxidase-mediated superoxide 

production. Increased levels of ER 

stress markers were detected in the 

cerebral cortex and hippocampus of 

triple transgenic mice (3xTg-AD) and 

were shown to be more pronounced 

in the hippocampus. Furthermore, 

using peripheral blood mononuclear 

cells obtained from control and mild 

cognitive impairment (MCI) subjects 

and mild or moderate-severe AD 

patients we obtained evidences of 

impaired ER Ca2+ homeostasis and 

enhanced ER stress during disease 

progression. In mitDNA-depleted rho0 

cells we described that a functional 

mitochondria is required for A̡-

induced apoptosis occurring through 

an ER stress-mediated process. The 

role of mitochondrial dysfunction in 

AD was supported by data obtained in 

cultured neurons from the 3xTg-AD 

mice which exhibited changes in 

mitochondrial density and 

morphology as well as in mitochondria 

axonal transport.  To get a better 

insight into the role of mitochondrial 

dysfunction in AD we have used cybrid 

cells (that recapitulate the focal 

mitochondrial deficits of AD patients), 

which have a compromised ability to 

cope with Ab-induced ER stress.  

 

We showed that an insulin-induced 

acute hypoglycemic episode 

potentiates the effects of type 1 

diabetes having detrimental effects in 

mitochondrial bioenergetics and 

antioxidant defenses. Moreover, 

metabolic alterations associated to 

type 2 diabetes induce mitochondrial 

abnormalities and an oxidative 

imbalance similar to those found in AD 

brains. These results support the idea 

that brain mitochondria are a 

functional link between AD and 

(pre)diabetes. Additionally, brain 

vessels and synaptosomes are 

differently affected by aging and/or 

chronic hypoxia and the 

compensatory mechanisms developed 

during aging are overcome by chronic 

hypoxia justifying the high prevalence 

of neurodegenerative conditions in 

elderly people especially in those that 

have chronic vascular diseases. 

Concerning preconditioning studies, 

mitochondrial modulators protect 

brain endothelial and neuronal cells 

against high-glucose levels. 

Mechanistically, these mitochondrial 

modulators promote a mild increase 

in reactive oxygen species levels 

followed by the induction of hypoxia 

inducible factor (HIF)-1  h signaling 

pathway. Therefore, mitochondria and 

HIF-мʰ ǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅ ŎƻǳƭŘ 

represent feasible therapeutic targets 

to counteract neuronal and vascular 

dysfunction promoted by diabetes and 

associated complications. 
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Mitochondrial network. Green ς TOM 20 (mitochondrial marker); Red ς a-tubulin.  
One interest of our group is to explore mitochondrial dynamics under several 
protective and deleterious conditions. Diverse in vitro and in vivo models of 
!ƭȊƘŜƛƳŜǊΩǎ ŀƴŘ tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜǎ ŀƴŘ ŘƛŀōŜǘŜǎ-related neurodegeneration are 
being used.  
 

Mitochondria assume the control of a 

wide range of cellular processes and 

the up-stream position of this 

organelle in the cascade of events 

leading to neurodegeneration in AD 

has been recognized. It is generally 

ŀŎŎŜǇǘŜŘ ǘƘŀǘ !ʲ ŀŘŘed extracellulary 

is up-taken by cells and induces 

cytotoxicity. In this regard we used a 

clonal human neuroblastoma cell line, 

SHSY-р¸Σ ǿƘƛŎƘ ǿŀǎ ŜȄǇƻǎŜŘ ǘƻ !ʲ1-42. 

Mitochondrial alterations induced by 

! 1̡-42 affect the microtubular network 

by inducing an increase in free tubulin 

and Tau post-translational 

modifications. Moreover, we observed 

that tubulin acetylation levels where 

ŘŜŎǊŜŀǎŜŘ ƛƴ ŎŜƭƭǎ ŜȄǇƻǎŜŘ ǘƻ !ʲ 

which we attribute to SIRT2 activity. In 

consequence of microtubule 

cytoskeleton collapse axonal transport 

becomes compromised. Since higher 

LC3II levels are indicator of activated 

macroautophagy, we could conclude 

ǘƘŀǘ !ʲ ǿŀǎ ŀōƭŜ ǘƻ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 

activate and impair autophagy. Taxol, 

a microtubule stabilizer drug, 

ameliorated cell death induced bȅ !ʲ  

 

 

 

and, most interesting, mitochondrial 

ŀƴŘ ŎȅǘƻǎƻƭƛŎ !ʲ ƻƭƛƎƻƳŜǊǎ ŎƻƴǘŜƴǘ 

were significantly reduced. In 

accordance, tau hyperphosphorylation 

was reduced upon taxol exposure. 

These observations point out that an 

intervention at a microtubule level 

may be effective as a disease 

modifying therapy.  
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Neuroendocrinology and Neurogenesis Group | Head: Claudia Cavadas 

 

Our group continues studying the 

contribution of hypothalamic-adrenal 

axis, other brain areas and adipose 

tissue on healthy lifespan.  

 

1. Caloric restriction (CR) is a robust 

anti-aging intervention known to 

extend lifespan. Increase evidence 

shows that autophagy is an essential 

mechanism on the anti-aging effect of 

CR. In addition, CR increases 

neuropeptide Y (NPY) in the 

hypothalamic arcuate nucleus. NPY is 

a potent neuroprotective agent in 

several areas of the central nervous 

system; however its role in autophagy 

and consequently, lifespan extension, 

remains unknown. The aim of our 

group in this field is to investigate the 

role of NPY and the NPY receptors 

involved, on the regulation of 

autophagy in rat hypothalamic 

neurons. In addition, the involvement 

of NPY in CR-induced autophagy and 

the mechanisms underlying this 

process are also under investigation. 

 

2. The understanding of 

pathophysiological and exogenous 

conditions that regulate proliferation 

and differentiation of endogenous 

neural progenitor cells is strategy to 

achieve neuronal repair by using 

neural stem cells.  In this context our 

group is studying the role and 

mechanisms of inflammation and 

antiepileptic drugs in regulating rat 

neural stem cells proliferation and 

differentiation. In more detail, we are 

interested on the study of the the role 

of nitric oxide (NO) in post-injury 

neurogenesis and characterize the 

mechanisms underlying the 

proneurogenic effect of NO.  

 

Moreover, we will also investigate the 

potential of hypothalamic neurogenesis 

as a new approach on rescue 

hypothalamus that undergoes 

dysfunction and cell death in obesity 

status.  

3. The identification of retinal targets 

to promote neuronal protection and 

repair is another goal of our group. 

The background of the group is strong 

in retina research; therefore we will 

continue to investigate the effect of 

diabetes or hyperglycemia on 

neuronal dysfunction and retina 

microglia changes, and specially the 

changes induced on adenosinergic 

system. The potential of neuropeptide 

Y (NPY) system as a neuroprotective 

strategy in the retina will be also 

investigated. 

 

4. Our group aims to investigate the 

conditions that negatively regulate 

neuronal protection and healthy 

lifespan, namely high food 

intake/obesity. Therefore we are 

interested on the understanding of 

adipose tissue regulation upon two 

conditions: hypoxia (mimetic of sleep 

apnea) and anti-diabetic drugs 

(gliptins).  

 

1- Our studies on proliferation of 

endogenous neural progenitor cells, as 

a strategy to promote neuronal repair, 

show that nitric oxide (NO) promotes 

proliferation of neural stem cells by 

activating the ERK pathway and 

promoting translocation of of the 

cyclin-dependent kinase inhibitor 

p27KIP1 from the nucleus to the 

cytosol, which, in turn, promotes cell 

cycle progression. We further 

observed that in a mouse model of 

seizure-induced injury, NO from 

inducible NO synthase is mandatory 

for seizure-induced neurogenesis. Also 

in the context of developing new tools 

to neuronal repair, we isolated the 

progenitor cells from rat hypothalamus 

that grows in neuropheres.  

 

Hypothalamic neurospheres express 

feeding-related neuropeptides, including 

Neuropeptide Y (NPY) (Fig. 1), Agouti-

related protein (AGRP), pro-

opiomelanocortin (POMC), cocaine-

amphetamine-responsive transcript 

(CART) and Orexin-A.  Moreover, 

hypothalamic progenitor cells 

differentiate to functional neurons 

that are affected by hypothalamic 

neurodegeneration that occurs in 

obesity. In conclusion, our results 

show that hypothalamic progenitor 

cells have a neuronal lineage and are a 

source for new feeding-related 

neurons. These evidences open new 

perspectives to study hypothalamic 

neurogenesis in energy balance 

regulation and feeding dysfunctions. 

 

2- We evaluated the effect diabetes or 

hyperglycemia on adenosinergic 

system of retina. And we observed 

that diabetes does affect the 

adenosinergic system in rat retina). 

Overall, we have shown that the 

retinal adenosinergic system is 

affected by diabetes/hyperglycemia 

(specialy on the levels of adenosine 

receptors A1A, A2A, A3) and may play a 

potential role in cell protection against 

the hyperglycemic environment. 

Targeting neuropeptide Y (NPY) 

system as a neuroprotective strategy 

in the retina, we observed that NPY 

protects necrotic and apoptotic cell 

death induced by glutamate in rat 

retina. NPY Y2, Y4 and Y5 receptors 

activation inhibit necrotic glutamate 

toxicity although glutamate induced 

apoptotic cell death is prevented by 

the activation of Y5 receptor. 

Therefore, these NPY receptors may 

be viewed as potential 

neuroprotective target in retinal 

degenerative diseases, such as 

glaucoma. 

 

3- We investigated the role of the 

anti-diabetic drugs ς gliptins (DPPIV 

inhibitors) - on adipose tissue 

regulation. The murine pre-adipocyte 

cell line, 3T3-L1, was used as a cell 

model. In these adipocytes, gliptins 

(vildagliptin, sitagliptin, or saxagliptin) 
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Rat hypothalamic neurospheres contain Neuropeptide Y (NPY)             

inhibited basal lipid accumulation and 

lipid accumulation induced by insulin. 

In άƛƴ ǾƛǾƻέ ǎǘǳŘƛŜǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ 

administration of mice with sitagliptin 

(10 mg/kg) induced a decrease on the 

epididymal fat weight concomitant 

with a decrease on adipocyte 

diameter. These results may explain 

the lack of weight gain in patients 

treated with DPPIV inhibitors, 

suggesting that gliptins are putative 

pharmacological strategies to prevent 

adipose tissue increase in obese 

overweight patients and may increase 

life expectancy of diabetic patients.  

 

We also investigated the effect 

hypoxia on adipose tissue formation, 

namely on adipocytes differentiation 

from pre-adipocytes. By using the 

widely used CoCl2 as a hypoxia 

mimetic agent, our results suggest 

that low levels of hypoxia induced 

adipogenesis, but high levels of 

hypoxia inhibit adipogenesis with lipid 

accumulation in adipocytes 

contributing to obesity. 

4- We are also investigating the 

involvement of hypothalamic NPY on 

caloric restriction induced autophagy 

and the mechanisms underlying this 

process. Interestingly, NPY induced 

the activation of autophagy in 

hypothalamic neurons (cell line N42) 

and in primary cell cultures of rat 

hypothalamic neurons. In both 

models, NPY induced an increase in 

the autophagy through NPY Y1, Y2 and  

 

 

 

 

 

 

 

 

 

 

 

Y5 receptors activation. A better 

understanding of the role of NPY in 

the regulation of autophagy will 

provide a new putative therapeutic 

strategy to extend longevity and 

ameliorate age-related deteriorations 

in combination with caloric restriction. 
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Molecular Biotechnology and 

Health Area 
 

Coordinator: Euclides Pires 
 

 

The research activity performed by the groups of this 

scientific Área aims at the elucidation of the function of 

macromolecules either as single entities or as a  part  of 

complex systems. This research envolves genomic, 

proteomic, metabolic and stuctural biology approaches; 

purification and characterization of new proteins, 

production of recombinat proteins and the use of system 

biology strategies to predict and integrate metabolic 

pathways. Relevant information obtained is then 

incorporated into translational projects aiming at new 

biotechnological or biomedical aplications, in particular, 

development and pharmacokinetic characterization of 

new drugs, development of new drugs carriers and 

development of new biomaterials. 

Each group had developed a deep know-how and 

expertise in a defined set of aproachs and techniques, 

mentioned above, mainly the techniques they use 

extensively in their own specific projects. Currently the 

groups make available and share their expertise with 

other CNC reserachers interested in using those 

techniques. 
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Molecular Biotechnology Group 
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Molecular Biotechnology Group | Head: Carlos Faro  

 

The Molecular Biotechnology group 

has a long-time interest in studying 

biotechnologically and/or 

biomedically relevant plant proteases. 

Understanding the structure-function 

relationship of proteases. Plant 

aspartic proteases has been the main 

research objective. Initial studies used 

cardosins, the milk-clotting enzymes 

from the flowers of cardoon, as 

working models. Since the sequencing 

of Arabidopsis genome our interest 

shifted towards the study of aspartic 

proteases from this model organism, 

involved in disease resistance and 

stress responses. The goal is to 

understand the possible biological 

functions of this family of enzymes. 

Another line of research is devoted to 

study serine proteases from allergenic 

pollens. The enzymes have been 

purified and caracterized in our 

laboratory and seem to play an 

important role in allergy. The overall 

goal is to understand the molecular 

mechanism underlying the possible 

involvement of these proteases in 

eliciting the allergenic response as 

well as to assess whether or not they 

can be good therapeutic targets. 

In order to study the structure-

function relationship of Arabidopsis 

aspartic proteinases there is a need to 

set out a reproducible and efficient 

method to produce the recombinant 

forms of these enzymes. Throughout 

2010, over 50 Arabidopsis genes 

encoding protease aspartic proteinase 

of the pepsin-type were amplified and 

cloned into several E.coli expression 

vectors. Expression trails for six of the 

genes were successful and the 

recombinant enzymes were purified 

and characterized both at the 

structural and enzymatic level. The 

preliminary study revealed common 

enzymatic properties among them 

such a strong dependence of the 

redox conditions and a very surprising 

insensitivity to pepstatin A. In 

contrast, the Arabidopsis aspartic 

proteinases differ significantly on their 

specificity suggesting a very define 

and specific role in plant cells. 

Allergic disorders, such as seasonal 

rhinitis and asthma, are increasing 

causes of morbidity worldwide and 

result often from exposure to airborne 

pollen. Over the past year we 

evaluated the presence of protease 

activity in several allergenic pollens 

and we assess the action of these 

proteases on the immunologic and 

inflammatory response to airborne 

allergens.  

All pollen diffusates were shown to 

have high molecular proteases with 

low pI and predominant serine and/or 

aminopeptidase activity. These 

proteases were involved in the 

degradation of airways bioactive 

peptides. Moreover all pollen extracts,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with distinct allergic potential, were 

able of increasing transepithelial 

permeability and cell detachment in 

vitro by degrading intercellular 

adhesion proteins. These results 

suggested that the proteases normally 

presented in the pollen grains might 

be involved in the sensitization to a 

range of airborne allergens by 

facilitating their contact to 

subepithelial immune cells. The 

identification and characterization of 

identical proteases within the majority 

of pollen types, accountable for the 

disruption of intercellular complexes, 

constitutes an important step to come 

across a therapeutic target in the 

treatment of allergic disorders. 
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Molecular Systems Biology Group | Head: Armindo Salvador 

 

The principal objectives of the group 

are: 

 

1. Discovering and understanding the 

naturally evolved principles of 

quantitative design of the most 

prevalent elementary circuits in 

metabolic networks. These design 

principles are rules associating 

quantitative design (e. g., 

relationships among enzyme kinetic 

parameters or among these and 

effector concentrations) to function. 

 

2. Kinetic modeling and systems 

analysis of the biogenesis, fate and 

regulation of reactive metabolic 

intermediates. Reactive intermediates 

are involved in many pathologies and, 

much for the same reasons that make 

them toxic, also participate in 

important regulatory mechanisms. We 

seek a better grasp of the trade-offs 

involved in the metabolic processes 

that generate these species and to 

understand how these trade-offs 

inpend on the regulatory design of 

these processes. 

 

3. Developing a method for profiling 

mitotic-cycle-dependent metabolism 

without having to synchronize cells. 

 

 

4. Developing an Internet-based 

platform for distributed colaboration 

in kinetic modeling of biochemical 

processes. Current solutions for 

archival and communication of kinetic 

ƳƻŘŜƭǎ Ƨǳǎǘ ǎǘƻǊŜ άŦǊƻȊŜƴέ ǾŜǊǎƛƻƴǎ ƻŦ 

the models and do not promote 

discussion and further development. 

This is a major limitation beacuse 

model development should be viewed 

as a dynamic process reflecting the 

evolving knowledge about 

biochemical processes. We seek to 

develop a platform τ WikiModels τ 

for developing models as a comunity 

activity through constant open peer-

review of modeling decisions, 

recording successive states of a model 

and tracking credit for contributions. 

 

Our main Achievements are: 

Seeking to characterize the design 

principles of moiety-transfer cycles 

(MTC) we collected and curated data 

for NAD redox cycles in various model 

organisms. These data revealed that 

for the enzymes involved in these 

cycles the KM(NAD+) are significantly 

higher than the KM(NADH), indicating 

that the design principles of NAD 

redox cycles are distinct from those  

for NADP redox cycles. The analysis of 

the functional requirements that might 

mediate such an evolutionary outcome 

is ongoing. 

 

Seeking to clarify the functional 

interplay among the three main 

defenses of human erythrocytes 

against hydrogen peroxide τ the 

glutathione peroxidase (GPx1), 

catalase and peroxiredoxin 2 (Prx2) 

systems τ we set up a kinetic model 

based on published data. Analysis of 

this model highlighted the following. 

(i) Under basal conditions, assuming a 

sustained extra-cellular H2O2 (eH2O2) 

concentration <30 nM and <25 nM/s 

intracellular H2O2 (iH2O2) production, 

Prx2 is fully reduced. Prx2, catalase 

and GPx1 would then eliminate 99%, 

0.6% and 0.1% of the H2O2, 

respectively. (ii) Doses >0.4 mM H2O2 

entering the erythrocyte over <1 min, 

or sustained eH2O2 concentrations 

>200 nM fully oxidize Prx2 to its 

disulfide form. Catalase then becomes 

the main defense against H2O2. (iii) 

Once all Prx2 is oxidized, erythrocytes 

can regenerate the reduced form in 

minutes if eH2O2 concentrations and 

iH2O2 production return to basal 

values. These results have the 

following implications. (a) Crossing of 

inflammation sites may plausibly 

cause substantial but transient Prx2 

oxidation, as the following reasoning 

shows. The residence time of a 

circulating erythrocyte in an 

inflammation site is ~2 s. A dose >0.4 

mM H2O2 will enter the erythrocyte in 

2 s if the local eH2O2 concentration is 

>16 mM, which is in the scale of 

experimentally determined values for 

inflammatory foci in other organisms. 

(b) A stepwise increase in Prx2 

oxidation through repeated crossing 

of inflammation sites is very unlikely. 

This because such crossings are 

expected to occur many hours in 

between; time enough for Prx2 to be 

fully reduced. (c) High enough 

sustained eH2O2 concentrations 

sufficient to fully oxidize Prx2 are only 

conceivable in systemic inflammation. 

Altogether, our results show that Prx2 

is the main defense of erythrocytes 

against H2O2 under most physiological 

circumstances. 

 

Seeking to clarify the pathways 

through which reactive scission 

products of the autoxidation of 

polyunsaturated fatty acyl chains 

(PUFA) we are using a computational 

approach to generate and analyze the 

corresponding reaction networks. This 

approach accounts near-

comprehensively for the autoxidation 

chemistry and generates reaction 

networks including tens of thousands 

of compounds. Applying various graph 

theoretical algorithms we can then 

trace pathways of formation of 

individual compounds, find minimal 

pathways, and identify products that 

can serve as markers for relevant 

pathways. Applying this approach to 

the autoxidation of linoleyl chains we 

identified several products whose 

detection in vivo would demonstrate 

the occurrence of specific pathways 

for scission of the carbon chain. 
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We demonstrated that the patterns of 

proteome aminoacid usage in aerobic 

organisms undergo evolutionary 

adaptation towards minimizing the 

ǇǊƻǘŜƛƴǎΩ ǎǳǊŦŀŎŜ ŘŀƳŀƎŜ ōȅ ǊŜŀŎǘƛǾŜ 

oxygen species. This adaptation occurs 

across all the three domains of Life: 

Bacteria, Archaea and Eukarya.  

We have also shown that, contrary to 

the prevailing view, antioxidant 

defenses such as catalase and 

glutathione evolved long before 

photosynthesis, in response to high 

production rates of reactive oxygen 

species by water photolysis in the 

photic zone of the Archean ocean. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contribution of peroxiredoxin 2 (Prx2), catalase (Cat), 
glutathione peroxidase (GPx) and efflux for H2O2 removal from 
human erythrocytes before, during and after a 2 s pulse (shaded 

region) of 50 mM extracelular H2O2, which is sufficiet to cause 
full Prx2 autoxidation within 1s. Note the reversion of the 
relative contributions of Cat and Prx2. The simulation assumes a 
basal 1 nM extracellular H2O2 concentration and kinetic 
parameters estimated from experimental data in the literature. 
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Structural representation of the binding 

modes of the natural and synthetic TTR 

ligands: thyroxine (T4) (left pocket) and PCB 

(right pocket). The contour surface clipped 

view, exposing the binding sites interior, is 

radial-colored from the center (red) to the 

edge (blue) of the protein. 

Structural and Computational Biology Group | Head: Rui M. M. Brito 

 

The group is strategically focused on the 

use of experimental and computational 

methodologies to study the molecular 

basis of human and animal pathologies, 

in particular amyloid diseases. 

Combining the reach of experimental 

and computational approaches, the 

group has been working in four main 

inter-related topics: 

1. The characterization of the kinetics 

and molecular species involved in the 

initial stages of amyloid formation by 

the protein Transthyretin (TTR), the 

causative agent of Familial Amyloid 

Polyneuropathy (FAP), a mostly fatal 

human disease with some incidence 

and social relevance in Portugal; 

2. Virtual screening and rational design 

of inhibitors of TTR amyloidosis. The 

experience gained with TTR will also be 

used to model inhibitors of amyloid 

formation by the A-beta-peptide of 

Alzheimer´s, a project in collaboration 

with Doctor Claudia Pereira of CNBC; 

3. Extension to Portugal and support 

of the volunteer computing network 

Ibercivis (www.ibercivis.pt) and 

development of the project AMILOIDE 

to run in this platform; 

4. Development of computational 

tools for the storage and management 

(project P-found: www.p-found.org) 

and data mining of large data sets 

produced in protein folding and 

unfolding simulations. 

Enzymes involved in moiety-transfer 

cycles (MTC) was shown to have a Km 

(NAD+) significantly higher than the Km 

(NADH), indicating that the design 

principal of NAD redox cycles are distinct 

from those for NADP. 

During 2010, an important milestone 

was reached by the group in the area of 

drug design: a large virtual screening 

campaign to find effective inhibitors of 

transthyretin-dependent amyloidoses 

was completed. From an initial library of 

11 million compounds, and after 

computational screening involving 

multiple methodologies and large 

computational resources, a set of 50 

compounds was selected, purchased 

and experimentally assayed, with 4 of 

them revealing significant anti-amyloid 

activity. Moreover, 3 out of these 4 

compounds  represent structural 

families different from those known to 

date, and present better physico-

chemical properties from a 

pharmacological poin of view. As a 

consequence of these results, the group 

is now initiating procedures to file 

patents to protect the commercial 

exploitation of these innovations. 

 

In parallel with the scientific work, the 

group has also payed particular 

attention to issues of Science 

communication. In particular, a 

member of the group was awarded the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

prize "Connecting Science to People" 

by the Sociedade Portuguesa de 

Bioquímica and the company Take-

the-Wind, for the pro-duction of the 

movie AMILOIDE:  

(http://www.youtube.com/user/1967S

PB#p/u/2/L-aKaWHfawo) (see also the 

ǘǊŀƛƭƭŜǊ ά!aL[hL59Σ ƛƴŎŜǇǘƛƻƴ ǎǘȅƭŜέ ŀǘ    

http://www.youtube.com/watch?v=LB

m1Rnsw2-Y). 
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Vectors and Gene Therapy Group | Head: Mª Conceição P. Lima 

 

The CNC laboratory of vectors and 

gene therapy is devoted to the design 

and development of carriers, including 

viral and non-viral vectors, for nucleic 

acid and drug delivery aiming at their 

application as technological platforms 

for the establishment of disease 

models, study of disease mechanisms 

and development of new molecular 

therapeutic strategies. Our studies 

have been focused on the evaluation 

of the potential of these novel 

nanosystems for the treatment of 

both cancer and neurodegenerative 

disorders, and for the development of 

vaccines for infectious diseases. 

 

Non-viral vectors, including cationic 

liposomes, targeted SNALPs and cell 

penetrating peptides have been 

explored as carrier systems to deliver 

nucleic acids, including plasmid DNA 

encoding therapeutic proteins, as well as 

antisense oligonucleotides, siRNAs and 

anti-miRNA LNAs, aiming at promoting 

silencing of known oncogene proteins 

and cancer-related miRNAs (oncomirs). 

The anti-tumoral effect of gene therapy 

strategies, either per se or in 

combination with chemotherapeutic 

agents, has been evaluated both in vitro 

and in animal models for different types 

of cancer. In addition, non-viral vectors 

have been developed to target Central 

Nervous System (CNS) disorders, aiming 

at promoting neuronal survival by 

targeting inflammatory and apoptotic 

pathways. 

 

Viral vectors, particularly lentiviral and 

adeno-associated viruses are powerful 

technological platforms for gene 

delivery to the CNS, which we have been 

using for investigating the pathogenesis 

and modeling of neurodegenerative 

diseases, with a focus on Machado-

Joseph disease (MJD). This knowledge is 

expected to allow the generation of 

disease-modifying approaches for MJD 

therapy. Encouraging results have 

already been obtained with the 

strategies of gene silencing, proteolysis 

inhibition, autophagy activation, 

adenosine receptor blockage and 

modulation of the interaction of ataxin-3 

with other polyglutamine proteins. It is 

expected that these studies will 

contribute to the finding of new 

therapies for this fatal disorder for which 

no effective therapy is available. 

 

Mucosal vaccination (oral and nasal) 

with the antigen encapsulated in 

polymeric nanovectors, to target the 

lymphoid structures of the mucosal 

immune system, is also addressed by 

our group. Related with this theme 

two projects started in 2010: 

ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƳǳŎƻǎŀƭ ŀƴǘƘǊŀȄ 

vaccine: designing a prototypic multi-

ŀƴǘƛƎŜƴ ǇƻƭȅƳŜǊƛŎ ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳέ 

ŀƴŘ ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƘƛǘƻǎŀƴ-based 

nanoparticles for nasal immunization 

ŀƎŀƛƴǎǘ ƘŜǇŀǘƛǘƛǎ .έΦ wŜƎŀǊŘƛƴƎ ǘƘŜǎŜ 

two projects the main objectives of 

the first year were the development 

and optimization of preparation 

processes of the delivery systems. 

New chitosan-based delivery systems 

able to simultaneously encapsulate 

antigens and a second adjuvant were 

prepared. An important objective for 

the next year will be to evaluate 

possible synergistic effects between 

chitosan and the second adjuvant 

(mast cell activator c48/80 and 

aluminum compounds).  

 

Regarding the development of non-

viral gene delivery and gene silencing 

approaches for the treatment of 

cancer, important achievements were 

made in 2010. 

A splicing correction strategy was 

developed using the S413PV cell 

penetrating peptide, which was shown 

to efficiently mediate intracellular 

delivery of splice-switching 

oligonucleotides and promote 

modulation of the splice pattern of a 

target gene. Another therapeutic 

strategy was explored towards 

glioblastoma multiforme (GBM), which 

involved silencing of the oncomir miR-

21. We demonstrated that miR-21 

expression is markedly altered in a 

retrovirally-induced mouse model of 

GBM as well as in human GBM 

specimens and cell lines, compared with 

control brain tissues. We have shown 

that silencing of miR-21 expression 

levels mediated by anti-miRNA LNA 

oligonucleotides formulated with 

cationic liposomes resulted in a decrease 

in tumor cell viability.  

 

In a different approach, a proprietary 

lipid-based nanoparticle containing 

doxorubicin was developed. It 

combines dual targeting towards 

breast cancer and endothelial cells 

from angiogenic blood vessels and 

intracellular triggered release of the 

encapsulated payload. The 180-fold 

enhancement in doxorubicin 

cytotoxicity compared to the 

commercially available non-targeted 

formulation, along with an active 

tumor accumulation, translated to a 

significant increase of the therapeutic 

efficiency, as the nanoparticle 

completely suppressed tumor 

invasiveness into the surrounding 

healthy tissues in vivo. The clinical 

potential of such strategy was 

reinforced by successful ex-vivo 

targeting studies on breast tumor cells 

harvested from patients submitted to 

mastectomy. 

 

In another line of work, lipid-based 

nanoparticles were engineered to 

exhibit small size, high stability, high 

encapsulation yields of nucleic acids 

and ability to specifically bind to 

receptors overexpressed at the 

surface of chronic myeloid leukemia 

cells (CML). Aiming at their use for 

CML treatment, nanocarriers were 

further developed to simultaneously 

encapsulate anti-BCR-ABL siRNA and 

imatinib allowing both molecules to 

be used in lower therapeutic doses. 

This approach allowed specific 

delivery to CML cells and to address 

two specific molecular targets: BCR-
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ABL oncogene and Bcr-Abl 

oncoprotein.  

Concerning brain-related gene 

therapy strategies, Tf-lipoplex-

mediated knockdown of the 

transcription factor c-Jun was found to 

improve neuronal survival and 

decrease inflammation in an animal 

model of excitotoxic injury, leading to 

reduction of seizure activity and 

neuronal loss.  

 

Regarding the use of viral-mediated 

gene delivery and gene silencing 

systems, new results on the use of 

RNA interference to Machado-Joseph 

disease were obtained. Using a rat 

model of MJD we showed that (i) 

overexpression of wild-type ataxin-3 

did not protect against MJD 

pathology, (ii) knockdown of wild-type 

ataxin-3 did not aggravate MJD 

pathology and (iii) non-allele-specific 

silencing of ataxin-3 strongly reduced 

neuropathology in a rat model of MJD. 

Our findings indicate that therapeutic 

strategies involving non-allele-specific 

silencing may be safe and effective in 

MJD. We also showed that the 

autophagic pathway is impaired in 

MJD and that its activation by Beclin-1 

overexpression alleviates the disease. 

 

Regarding mucosal vaccine projects, 

several polymeric delivery systems 

were developed and evaluated. One 

objective was to encapsulate not only 

antigens but also 

immunopotentiators. In this regard, 

we were able to produce aluminum 

chitosan-based particles that were 

then used to prepare complexes with 

a plasmid encoding the hepatitis B 

antigen. These complexes presented 

appropriate size and zeta potential to  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

transport and protect DNA, forming a 

stable suspension. Finally, complexes 

showed to protect DNA in the 

presence of DNAses. In the second 

project, mast cell activator c48/80 was 

encapsulated in 3 different delivery 

systems: poly-e-caprolactone, 

chitosan and chitosan-alginate 

nanoparticles. 
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Biomaterials and Stem Cell-Based Therapeutics Group | Head: Lino Ferreira 

 

Currently, the Biomaterials and Stem 

Cell-Based Therapeutic research group 

has three main avenues of research: 

(i) development of 3D biomaterials to 

create synthetic (stem) cell niches in 

order to maximize the therapeutic 

potential of stem cells and to 

understand their biology, (ii) 

development of nanomaterials to 

manipulate stem cells and control 

their differentiation, and (iii) the 

development of biomaterials with 

antimicrobial properties.  

 

1- 3D biomaterials as synthetic (stem) 

cell niches  

Cells do not only connect to each 

other, but also to a support structure 

called the extracellular matrix (ECM). 

The ECM has multiple functions in cell 

growth, differentiation, and cell 

maintenance, as well as in tissue 

morphogenesis. It functions via a 

number of cell-surface receptors, 

including integrins, which are involved 

in anchoring the cells to the ECM, and 

in transmitting and controlling 

information across cell membranes, 

which regulates processes such as 

migration and differentiation among 

others. To mimic the 3D architecture 

and biological role of the ECM, 

researchers have developed 

biomaterials capable of modulating 

the biological activity of stem cells. 

The 3D scaffolds are important to 

overcome some of the limitations of 

2D culture systems. First, 2D cell 

culture systems promote unnatural 

interaction with soluble factors. In 2D 

culture systems only a part of the cell 

(the basal region) interacts with the 

ECM and the neighboring cells, while 

the apical region of the cell is exposed 

to culture media. Therefore, it is 

conceivable that the distribution of 

integrins at the cell surface and the 

organization of the intracellular 

machinery is affected by this 

unnatural polarization, and thus 

changing the cellular response. 

Second, the efficiency of the 

differentiation process varies, 

depending in the final cellular lineage. 

Some experimental data indicates that 

2D cell culture may not adequately 

reproduce features important for the 

differentiation of stem cells into 

specific cell lineages. Third, 2D culture 

systems are not exact models of in 

vivo embryonic development, and 

therefore, many aspects of human 

development might be 

underrepresented. 3D culture systems 

might be important to study the 

regulatory mechanisms in 

morphogenesis- the development of 

form in embryo. 

 

One of the main objectives of the 

Biomaterials and Stem Cell-Based 

Therapeutic research group is to 

develop biomaterials for the efficient 

differentiation and transplantation of 

the stem cells and their progenies at 

the injured site. The group is focused 

in developing 3D scaffolds capable of 

retaining the cells at the desired 

location, while serving as a template 

for 3D cell assembly, survival and 

engraftment.  

 

2- Development of nanomaterials to 

manipulate stem cells and control 

their differentiation 

The development of a wide spectrum 

of nanotechnologies (referred as 

Nanomedicine by National Institutes 

of Health for applications in the 

biomedical area) during the last years 

are very promising for the study of 

stem cell biology and for the 

development of new approaches for 

their expansion, differentiation and 

transplantation. The second goal of 

our research group is to develop 

nanotechnologies able to manipulate 

the differentiation program of the 

stem cells.  

3- Development of biomaterials with 

antimicrobial properties 

A major problem associated with the 

implantation of biomedical devices in 

the human body is the inherent risk of 

microbial infections. A separate goal 

of our research group is the design of 

biomaterials with antimicrobial 

properties. We are developing 

effective strategies to control 

antimicrobial infections by developing 

coating technologies to immobilize 

antimicrobial agents. 

 

Three major achievements have arisen 

from our recent work: first, the 

development of a new set of 

nanomaterials to control the 

differentiation of stem cells (Maia et 

al., ACS Nano 2011) by the efficient 

spatio-temporal delivery of 

biomolecules; second, the 

development of synthetic niches to 

potentiate in vivo stem cell 

engraftment and therapeutic effect 

(Pedroso et al., PLoS One 2011; 

Kraehenbuehl et al., Biomaterials 

2011; Vazão et al., PLoS One 2011); 

and third, the development of new 

antimicrobial nanomaterials and 

coatings (Paulo et al., 

Biomacromolecules 2010).    

 

Our recent work shows that the 3D 

culture of human embryonic stem cell-

derived smooth muscle precursor cells 

(hESC-derived SMPCs) modulates gene 

expression towards the expression 

observed on complete differentiated 

smooth muscle cells (Vazão et al., 

PLoS One 2011). SMPCs were 

encapsulated in fibrin gels for 3 days 

after which the cells were 

characterized at protein and gene 

levels. Gene expression of SMPCs was 

compared to human vascular smooth 

muscle cells (hVSMCs) under the same 

culture conditions. The culture of 

SMPCs in 3D gels modulated the 

expression of smooth muscle cell 

(SMC) genes (a-SMA, SM-MHC or 

SMa-22) towards the one observed for 

hVSMCs cultured in 3D gels. We 

complemented these studies by 

evaluating the expression of 
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Maturation of hESC-derived smooth muscle progenitor cells 
(SMPCs). (A and B) Expression and organization of smooth muscle 
cell proteins on hESC-derived SMPCs treated with vasoactive agents 

for 3 days. Bar corresponds to 50 mm. Results are Mean ± SEM 
(n=8); *, **, *** denote statistical significance (P<0.05, P<0.01, 
P<0.001, respectively). 
 

extracellular matrix and adhesion 

molecules by a quantitative real-time 

PCR array. This array evaluated the 

expression of 84 genes involved in 

cell-cell and cell-matrix interactions. 

Again, the 3D culture of SMPCs 

modulated extracellular matrix and 

adhesion molecule genes towards the 

expression observed in hVSMCs. The 

number of genes with similar 

expression increased from 9 to 53 

when SMPCs were cultured in 2D or 

3D, respectively.  

Our results show that 3D scaffolds 

may induce further the differentiation 

of SMPCs into SMCs. Several factors 

might account for the differences 

found between 2D and 3D culture 

systems including (i) ECM stiffness and 

(ii) ECM 3D environment. We are 

conducting further work to evaluate 

the effect of both factors in the 

modulation of geno- and phenotype 

of the differentiated cells over the 

time and study the underlining 

mechanism. 

In collaboration with João Malva 

research group, we have developed 

nanomaterials to manipulate stem 

cells and control their differentiation. 

Recently, we demonstrated the ability 

of nanomaterials to induce 

neurogenesis exclusively after being 

internalized by SVZ stem cells (Maia et 

al., ACS Nano 2011). The nanoparticles 

are not cytotoxic for concentrations 

equal or below to 10 mg/mL. The 

internalization process is rapid and 

nanoparticles escape endosomal fate 

in few hours. Retinoic acid-loaded 

nanoparticles increase the number of 

neuronal nuclear protein (NeuN)-

positive neurons and functional 

neurons responding to depolarization 

with KCl and expressing NMDA 

receptor subunit type 1 (NR1). These 

nanoparticles offer an opportunity for 

in vivo delivery of proneurogenic 

factors and neurodegenerative 

diseases treatment.  

Recently, we have reported a novel 

methodology to immobilize covalently 

an antifungal agent, amphotericin B 

(AmB), into nanomaterials. Silica 

nanoparticles (SNP) were chosen due 

to their non-cytotoxicity, low price, 

high stability and durability and ease 

of modification by organosilane 

chemistry, allowing the incorporation 

of an array of different functional 

groups. We demonstrated that these 

NPs have high antifungal activity 

against several strains of Candida and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

can be reused without losing their 

antifungal activity. Importantly, the 

antifungal activity was not due to the 

leaching of AmB from the surface of 

the NP, since media that have been in 

contact with the antifungal NPs had 

no significant antifungal activity. We 

further showed that these NPs can be 

immobilized into flat surfaces forming 

an antifungal coating.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


