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The IP Montevideo celebrated its 10th anniversary in December 2016. Still, the 

original mission remains the same:  to become a "state-of the-art" research center 

with international projection in the field of biomedicine with focus on molecular 

mechanisms of human and animal diseases. We also seek to pave the way for 

new treatments and cures, contributing to the development of vaccines, biological 

markers of disease and new drugs.  

By December 2016, more than 240 people worked or studied at the IP 

Montevideo, including almost 100 established researchers, technicians or 

assistants coming from several partner institutions and 40 collaborators in 

administration and research support units.  

Seventeen research groups are organized into institutional programs focused on 

the One-Health concept, with emphasis in multidisciplinary molecular approaches 

in human and veterinary medicine including environmental interactions. The 

federative programs are focused on i) Genomics, ii) Molecular, Cell and Animal 

Technology, iii) Obesity, Diabetes, Inflammatory and Cardiovascular Diseases, 

iv) Cancer and, v) Animal Health. These programs are mainly funded by 

institutional grants or agreements with FOCEM (Mercosur), Interamerican 

Development Bank (IDB), the National Institute for Agricultural Research (INIA) 

and the National Agency for Innovation and Research (ANII) and have close 

interactions with the national Republic University and the Institut Pasteur 

International Network (IPIN).  

The IP Montevideo has established central core facilities with "state-of-the-art" 

equipment to study genomic, proteomic, structural & cell biology and animal 

research. In the 2015-2016, an ambitious investment was performed to purchase 

a modern confocal microscope, capillary electrophoresis and a new mass 

spectrometer equipment for proteomic analysis. 

The number and impact of the publications further increased in 2015-2016 period, 

reaching an average of 80 publications/year. According to international data 

banks, publications from the IP Montevideo have a cumulated average of >15 

citations per publication, which can be considered of competitive international 

standard. Remarkably, 3 patents on a new drug-class technology have been filed 

in the last year, which will be likely licensed to a regional start-up company for 

the treatment of inflammatory diseases.   

Our research laboratories provide an environment for the training of advanced 

graduate students. The IP Montevideo also contributes to the training of human 

capacities in collaboration with the national and international postgraduate 

programs. In 2016, we harbor more than 140 MSc, doctoral and postdoctoral 



fellows.  We have also organized several international courses on different topics 

of molecular medicine. In 2016, 60 distinguished professors and dozens of 

advanced students from abroad attended the courses. In addition, we have 

received hundreds of elementary and high school students for different science 

pop activities. All over the year this activity allows us to spread science among 

hundreds of young students.  

Transfer technology to public or private companies is also a major activity of the 

IP Montevideo, contributing to the development of biotechnology and supporting 

the creation of start-up companies. At present, our start-up incubator Bioespinn 

supports the consolidation of 10 start-up companies in different developmental 

stages.  Bioespinn is partially funded by the National Agency for Innovation and 

Research (ANII). 

Finally, the 2016 annual budget of the IP Montevideo was close to 7,5 million 

dollars, mainly coming from the Uruguayan national budget and from own 

incomes by service sales, grants and research contracts, including those 

allocated by European Union (Uruguay-Innova) and FOCEM (MERCOSUR).  

I wish to thank all our researchers and members for their dedication, continued 

support and commitment. Also, I wish to acknowledge the great contribution and 

trust from our partner institutions in Uruguay and France. 

 
Luis Barbeito  
Executive Director  
Institut Pasteur Montevideo 
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Our group is interested in understanding the mechanisms that underlie neuroepithelial 

differentiation (during neurulation) and neuronal differentiation, focusing in the roles and 

transitions of cell polarity during these processes. For this, we use both zebrafish and chick 

embryos. The zebrafish has great advantages for these studies, such as the accessibility to 

genetic manipulation and the unique optical transparency of embryos. 

 

In vertebrates, the central nervous system is generated during the process of neurulation 

from the ectoderm, by a series of morphogenetic movements that generate a tube-like 

structure, the neural tube. The cell-shape change that is needed for these movements 

depends on the modulation of the cytoskeleton. In particular, the contraction of actin 

filaments accumulated at the apical side of these cells is thought to be one of the major 

motors for apical constriction and thus bending of the neural plate. Actin-modulating 

proteins, such as those of the MARCKS family, are essential for this process in mice and are 

apically accumulated in the chick neural plate only during this process (Stumpo et al., 1995; 

Zolessi and Arruti, 2001). 

 

Cells in the neural tube are organized as a pseudostratified epithelium, where nuclei 

constantly move between the apical and basal sides following the cell cycle stages 

(“interkinetic nuclear migration”). These cells are in close contact to one another, being 

mostly attached at the apical side through adherens junctions and at the basal side to a basal 

lamina. Neurons arise from these neuroepithelial cells once they have a last cell division, and 

differentiate in this epithelial environment through a series of stages that imply a gradual 

transition from epithelial to neuronal morphology as we have previously shown in the retina 

of the zebrafish (Zolessi et al., 2006). Here, retinal ganglion cells, which are the first neurons 

to differentiate, always form their axon in a basal direction and dendrites in an apical 

direction. Signals responsible for this stereotyped behavior have been largely elusive, and 

could be different for different neuronal types. In the case of the retinal ganglion cells, 

Laminin-1 in the basal lamina of the retinal neuroepithelium is necessary for axon outgrowth 

towards the basal side (Randlett et al., 2011), but all experimental evidence suggests that 

there must be other, still unidentified, molecules collaborating in the final and correct 

orientation of these neurons. 

 

Research line 1: The role of MARCKS family proteins in neurulation and early neural 

differentiation in vertebrates. MARCKS proteins are unique in many aspects. They are 

naturally unfolded phosphoproteins highly enriched in the central nervous system. In most 

vertebrates this family is only composed by two relatively small proteins, MARCKS and 



MARCKS Like-1, each encoded by a different gene, with no splice isoforms. We have further 

analyzed the roles of MARCKS in chick neurulation, by a combination of genetic manipulation 

approaches including gene knockdown and the expression of mutant forms of the proteins, 

with pharmacological treatments on cultured embryos to affect the phosphorylation and 

localization of MARCKS, as well as the actin cytoskeleton. We found that MARCKS 

phosphorylation by PKC prevents neural plate folding by deeply affecting neuroepithelial 

polarity and integrity, but not acto-myosin contractility (Aparicio et al., in preparation).  

 

In the teleosts, including the zebrafish, however, there are four genes encoding four proteins, 

two MARCKS and two MARCKS Like-1. This finding added to the knowledge that in teleosts 

primary neurulation has important differences with that of amniotes, made us wonder what 

could be the functions of these four proteins. By knocking-down each of these genes in 

zebrafish embryos, we found that even if all of them appear to be essential for a correct 

neural development, some differences are evident in the phenotypes (Prieto and Zolessi, 

2016). In particular, two of them caused particular defects in neurulation. In MARCKSB 

knocked-down embryos, the fourth ventricle was extremely enlarged and the hindbrain walls 

formed a wider angle than in controls, while neuroepithelial polarity appeared unaffected. 

MARCKS Like-1A knock-down, on the other hand, caused a general disorganization of the 

neuroepithelium, characterized by an apparent loss in apico-basal polarity. The most 

interesting phenotype was found in the double knock-down, where a new phenotype 

appeared: the duplication of the neural tube from the hindbrain to the spinal cord. This 

phenotype is extremely similar to that of the Vangl-2 mutant, in which planar cell polarity 

and convergent extension movements are affected (Tawk et al., 2007). 

 

Research line 2: Neuronal polarization and orientation in the zebrafish neural retina. On the 

one hand, we have continued with the characterization of the putative signals involved in 

neuronal oriented differentiation in vivo. Our previous work suggested the existence of 

negative signals for axon outgrowth inside the retina, while other authors had shown in the 

in different species that axon guidance repulsive molecules such as Semaphorins and Slits 

are present in the retinal parenchyma and that they functional inactivation caused retinal 

ganglion cells extension inside the retina. We wondered if Slits signaling through their Robo 

receptors could be involved, in collaboration with Laminin-1, on defining the orientation of 

these cells in the early stages of differentiation. Some preliminary results suggested a 

particular role of Slit2 in this process. We are currently approaching this question by 

combining genome editing (using CRISPR) and the expression of dominant-negative forms 

of the receptors Robo-2 and -3 in the zebrafish (Davison, Doctoral Thesis). On the other 

hand, in association with Dr. Badano’s lab in the Institute, we also started a characterization 



of the possible roles that primary cilia could have on early retinal ganglion cells differentiation 

(Lepanto et al., 2016a and 2016b). Neuronal progenitors in the neuroepithelium have an 

apically-localized primary cilium of so-far unknown function. We have followed the behavior 

of these cilia as cells become post-mitotic and become differentiating neurons, with 

surprising observations on the extreme dynamics of the organelle. It disappears from 

progenitors relatively late in G2, usually re-appearing a short time after the last mitosis and 

remaining at the tip of the retracting apical process of these neurons until after the axon is 

formed. Along this time, the cilium may transitorily disappear. Once the apical process is 

completely retracted, apparently random movements of the cilium occur around the cell, 

until just before the dendritic tree starts to grow, when it stabilizes at its base, remaining 

there at least for a long period until eventually being reabsorbed. The knock-down of genes 

essential for ciliary growth and maintenance (Elipsa and IFT88) caused different effects on 

retinal ganglion cells generation, reducing the neurogenesis of these cells in particular, and 

in their morphological differentiation, particularly in the positioning of the cell body in the 

inner layer of the retina and in the formation of the inner plexiform layer (where their 

dendrites contact the afferent interneurons). 

 

Finally, two current graduate students are beginning with the characterization of the 

intracellular and extracellular signals involved in the differentiation of the most intriguing cell 

in the retina: the photoreceptors. These cells are characterized by an apparent “double 

identity”, with an epithelial-like morphology in general, but also behaving as neurons, being 

the first pre-synaptic neurons in the visual pathway. It is of particular interest that the 

mutation in genes involved in epithelial polarity, such as Crumbs, cause severe retinal 

degeneration in humans, such as that seen in retinitis pigmentosa or congenital amaurosis. 

On one hand, and again in collaboration with Badano’s lab, we are characterizing the role of 

the primary cilium in the differentiation of these cells, bearing in mind that the outer segment 

of these cells (responsible fo photo-transduction) is actually a modified cilium (Rodao’s 

thesis). On the other hand, we also work on the hypothesis that external signals must 

influence the orientation of these cells in the neuroepithelium for these cells to proeperly 

differentiate. In particular, we will analyze the function of some subapical adhesion molecules 

(such as N-Cadherin and Pals-1/nok) and eventually of axon guidance molecules, such as 

Slits (Aparicio’s thesis). Preliminary results following the in vivo differentiation of 

photoreceptors through the transgenic expression of specific markers indicate, again, 

complex behaviors of the cells and the studied structures in the initial stages of cell 

differentiation after post-mitosis and before the onset of outer segment formation. 
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In most neurodegenerative diseases, neuronal death begins as a focal process that 

spreads contiguously along brain regions in an ineluctable manner. This implicates an 

acquired pathogenic mechanism involving neuronal damage and subsequent chronic 

inflammation. The mechanisms underlying such disease progression remain largely 

unknown as well as the potential therapeutic strategies to halt the process and prevent 

symptom aggravation. There is no cure for the neurodegenerative diseases. However, if 

their progression would be slowed during early symptomatic stages by interventions in 

glial cells, neurodegenerative diseases would become a minor chronic disability and no 

longer a death sentence. 

 

We study neurodegeneration in an inherited model of ALS expressing SOD1 mutations. 

ALS is caused by the progressive death of motor neurons, leading to serious debility, 

paralysis and ultimately death within a few years. Because microglia and reactive 

astrocytes accumulate in the spinal cord of rats expressing the ALS-linked SOD1G93A 

mutation, we originally proposed that disease progression was mediated by the 

emergence of inflammatory glial cells. In fact, glial cells isolated from rodent models as 

well as ALS patients are toxic to motor neurons. In 2011, we identified a new type of 

glial cell referred as “AbA cells” (from aberrant astrocytes) from degenerating spinal 

cord from SOD1G93A rats, their appearance being closely associated with the 

progression of paralysis in SOD1G93A rats. Phenotypically AbA cells appear as atypical 

astrocytes. Functionally, AbA cells are the most toxic cells yet identified to motor 

neurons. AbA cells actively proliferate after the onset of progressive paralysis and make 

intimate contact with degenerating motor neurons. By analyzing the population of 

proliferating glial cells in the ventral horn of symptomatic SOD1 rats, we found that 

microglia are the most likely cellular origin of AbA cells.  

 

Our central hypothesis is that the spread of motor neuron disease is dependent on the 

formation of a neurodegenerative microenvironment surrounding damaged neurons, 

with the ability to replicate and expand the inflammatory and neurotoxic process to 

contiguous or distant areas of the CNS. The objective is to characterize such cellular 

microenvironment, unraveling the cells types involved, cell-cell interactions and the role 

of specific trophic factors like nitrated NGF species. The outcomes of these studies will 



strongly influence our approach to other neurodegenerative disease by providing new 

tools to define appropriate in vivo and in vitro models for therapeutic interventions. 

 

Another goal of our research is to develop new therapeutic agents for the treatment of 

ALS using mechanistic insights drawn from understanding how different cells and 

molecules contribute to progressive neuronal death. 20 years of animal testing have so 

far failed to yield an effective therapy for motor neuron disease. Such failure might be 

explained by the fact that, until recently, research has been mainly focused on motor 

neuron degeneration, the concomitant pathological changes in other cell types including 

glial cells being mostly neglected. 

 

The specific research projects detailed below are being executed in collaboration 

through numerous intramural and external collaborations: 

Targeting AbA cells and immune cells with tyrosine-kinase inhibitor drugs. 

We have recently provided evidence that Masitinib mesilate (AB1010) exerts a disease-

modifying effect in ALS animal models by controlling secondary neuroinflammation that 

causes paralysis progression and spread. Masitinib is a selective tyrosine kinase inhibitor 

that targets c-Kit, platelet-derived growth factor receptors (PDGF-R), and, to a lesser 

extent, Lyn and Fyn pathways. By combined targeting of c-Kit and Lyn, Masitinib is 

particularly efficient in controlling mast cell survival, differentiation, and degranulation.  

The main results obtained during this period have showed that masitinib exerts the 

following neuroprotective effects:  

 

 Extension of post-paralysis survival in SOD1G93A rats when treatment started 

after paralysis onset. 

 Prevention of microglia proliferation and proinflammatory phenotype by 

inhibiting CSF-1R kinase activity at nanomolar concentrations. 

 Prevention of microglia transformation into AbAs. 

 Reduction of the number of AbAs in the degenerating spinal cord. 

 Improved motor neuron pathology after paralysis onset. 

 Drastic decrease in neuromuscular junction denervation and decrease immune 

cell infiltration in skeletal muscle.  

 

The protective effects of masitinib were unprecedented when compared to other drugs 

assayed in ALS rodent models because it the first compound to significantly delayed 

survival when administered up to 7 days after disease onset.  Taken together, the results 



support the medical plausibility of treating ALS with masitinib. Our data has supported 

the rational for an ongoing phase 2/3 clinical study with masitinib involving almost 400 

ALS patients. Part of these studies have been published in 2016 (Trias et al, 2016 J. 

Neuroinflamm). Two other publications are being submitted in the first semester 2017, 

showing that macrophages and mast cells infiltrating the skeletal muscle and sciatic 

nerves are also target for tyrosine kinase inhibitors.  

 

AbA cells transplantation into the spinal cord 

 

AbA cells appear in the symptomatic phase of the disease surrounding motor neurons 

(MTNs) and increase in number during paralysis progression, suggesting they can exert 

local neurotoxicity or inflammation. Thus, we aim to further analyze the intrinsic activity 

of AbA cells by transplanting the cells into the spinal cord of wild-type rats. We 

hypothesize that AbA cells transplantion will induce neuronal pathology or glial cell 

activation, reproducing in wild-type rats some features of the ALS pathology observed 

in SOD1G93A rats. Preliminary observations indicate that AbA cell transplantation results 

in a large inflammatory response through the CNS, an effect that could be modulated 

by neuroprotective drugs such such as masitinib.   

 

Role of nitrated-NGF species in AbA cells  

 

We have previously reported that activated astrocytes in ALS express increased levels of 

NGF, which triggers p75-dependent motor neuron apoptosis. Although adult motor 

neurons lack TrkA and p75NTR receptors, they re-express p75NTR following nerve injury or 

in ALS, thus becoming sensitive to NGF-induced apoptosis. We found that spinal cord 

extracts from ALS-affected SOD1G93A mice contained a hundred-fold more active form 

of NGF than the mature factor. Because reactive astrocytes and microglial cells 

expressing NGF also exhibit nitroxidative stress, we hypothesized that NGF could 

undergo post-translational nitrative modification by reaction with peroxynitrite to make 

it more active. This approach has allowed us to identify nitrated NGF species (nitroNGF) 

that are likely secreted by reactive astrocytes and exhibit apoptotic activity.  

 
In this context, our group has also developed two specific antibodies against nitrated 

species of NGF that allow the specific identification of AbA cells. Preliminary 

observations show that anti-nitrated NGF antibodies are specific for AbAs in vitro and in 

the spinal cord of symptomatic SOD1G93A rats, discriminating them from microglia or 

astrocytes. We are currently submitting a manuscript on the characterization of these 

antibodies and their potential use in neuropathological studies. There is an interest in 



probing the antibodies in necropsy samples from ALS patients, to determine whether 

AbA-like cells can be found in ALS.  

In addition, we are studying whether the anti-nitrated NGF antibodies play a 

neuroprotective activity. These antibodies have been developed to recognize only the 

nitrated tyrosine residue located that position 52, so they do not interfere with NGF 

signaling itself.  However, the antibodies could potentially prevent an apoptotic activity 

of nitrated NGF in pathological conditions.  

 

 

3. Proyecto ECOS U014S02 “Mast cells and neuroinflamation in ALS”” 2014-2016. 

4. Research contracts from Megapharma, Uruguay (2015-2017) and AbScience, 

France (2016-2017) for drug discovery in ALS rat models. 
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