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PS1-01 
Netrin-1/DCC Signaling System Differentially Regulates the Migration of 
Pax7, Nkx6.1, Irx2, Otp, and Otx2 Neuronal Populations in the Developing 
Interpeduncular Nucleus 
Ms. Isabel M. García-Guillén1, Dr. Antonia Alonso1, Dr.  Nicanor Morales-Delgado2, Ms. Belén Andrés3, Dr. Luis  
Puelles1, Dr.  Guillermina López-Bendito3, Dr.  Faustino  Marín1, Dr.  Pilar Aroca1 

1Universidad de Murcia, Murcia, Spain, 2Universidad Miguel Hernández, Alicante, Spain, 3Instituto de Neurociencias de 
Alicante, CSIC, Universidad Miguel Hernández, Alicante, Spain 
 

The interpeduncular nucleus (IPN) is a hindbrain structure highly conserved among vertebrates. It is formed 
by three main subdivisions, the prodromal (Pro) domain located at the isthmus (Ist), and the rostral and caudal 
interpeduncular domains (IPR, IPC) within rhombomere 1 (r1). Various cell populations can be detected in the 
IPN through the expression of the Nkx6.1, Otp, Otx2, Pax7, and/or Irx2 transcription factors. These cell 
populations follow independent dorsoventral tangential and radial migratory routes targeting the ventral 
paramedian region of Ist and r1. Here we set out to examine the influence of the Netrin-1/DCC 
system on these migrations, since it is known to regulate other processes of neuronal migration in the brain. 
To this end, we analyzed IPN development in late gestational 
wild-type and DCC null mice, using mainly in situ hybridization (ISH) to identify the cells expressing each of 
the aforementioned genes. We found that the migration of Nkx6.1+ and Irx2+ cells into the Pro domain was 
strongly disrupted by the loss of DCC, as occurred with the migration of Pax7+, Irx2+, and Otp+ cells that 
would normally form the 
IPR. In addition, there was mild impairment of the migration of the Pax7+ and Otx2+ cells that form the IPC. 
These results demonstrate that the Netrin-1/DCC signaling pathway is involved in the migration of most of 
the IPN populations, mainly affecting those of the Pro and IPR domains of this nucleus. There are psychiatric 
disorders that involve the 
medial habenula (mHb)-IPN system, so that this experimental model could provide a basis to study their 
neurodevelopmental etiology. 
 



 

PS1-02 
Characterization of different types of progenitor cells in the postnatal 
retina of sharks 
Mr. Ismael Hernández Núñez1, Dr.  Alberto Docampo Seara1, Dr. Diego Robledo2, Dr. Sylvie Mazan3, Dr. Antón 
Barreiro Iglesias1, Dr. Fátima Adrio1, Dr. Eva Candal1 

1Universidade de Santiago de Compostela. CIBUS. Faculty of Biology., Santiago de Compostela, Spain, 2The Roslin Institute 
and Royal (Dick) School of Veterinary Studies, University of Edinburgh, Edinburgh, United Kingdom, 3CNRS, Sorbonne 
Université, UPMC Univ Paris 06, UMR7232, Observatoire Océanologique , Banyuls-sur-mer, France 
 

Neurogenesis is the process by which progenitor cells persistently generate new neurons from neural 
progenitor cells (NPCs). Postnatal NPCs reside within well-defined neurogenic niches in the brain, which in 
mammals contain relatively quiescent radial glia-like progenitor cells (RGCs), transient intermediate 
progenitor cells (IPCs), and neuroblasts that subsequently differentiate into neurons. The study of the 
evolution of postnatal NPCs has gained significance, since they amplify the number of generated neurons and 
allow for the diversification of neuronal cell types. However, much of our understanding in this field is based 
in studies on mammals and zebrafish, a modern bony fish. The use of the cartilaginous fish Scyliorhinus 
canicula as a model expands the evolutionary scenario to a representative species of basal gnathostomes that 
shows significant neurogenic activity in the postnatal nervous system. In particular, the ciliary marginal zone 
(CMZ) of the retina constitutes an interesting neurogenic niche to identify different types of progenitors, since 
cells at different stages of commitment are spatially ordered from the most peripheral CMZ (where NPCs lie) 
to the central retina (comprised of differentiated cells). In this work, we have characterized different types of 
progenitors in the CMZ of juveniles by analysing the expression pattern of proliferation markers (proliferating 
cell nuclear antigen and phosphohistone-H3), a stem cell marker (ScSox2), glial markers usually found in RGCs 
(brain lipid-binding protein and the glial fibrillary acidic protein), the typical marker of IPCs ScTbr2 and markers 
of neuroblasts (doublecortin). By analysing their combined expression in the peripheral retina of juveniles, 
we identified the different types of NPCs (RGCs, IPCs and neuroblasts) previously described in mammalian 
brain neurogenic niches, which contributes to foster our knowledge about the evolution of postnatal 
neurogenesis in vertebrates. 
 
Supported by Spanish MICINN grant BFU2017-89861-P and Xunta de Galicia Predoctoral Fellowship (IHN-
ED481A-2018/216), both part-financed by the European Social Fund.



 

PS1-03 
Neurogranin-like expression in the zebrafish brain during early stages of 
development and changes induced by Mn2+ exposure 
Ms. Anabel Alba-González1, Dr. Julián Yáñez-Sánchez1, Dra. Mónica Folgueira-Otero1 

1Univerisity of A Coruña (CICA), A Coruña, Spain 
 

Neurogranin (Nrgn) is a small peptide that seems to participate in neuroplasticity through, at least, 
interactions with calmodulin and Protein Kinase C (PKC) phosphorylation. Altered levels of Nrgn correlate with 
cognitive decline in aging and neurodegenerative disorders such as Parkinson or Alzheimer’s disease. In this 
study, we determine the distribution of Nrgn in the brain of zebrafish (Danio rerio) embryos and larvae by 
using a polyclonal antibody (AB5620, Merk-Millipore). As a first approach to understand how Nrgn levels are 
affected in neurodegenerative diseases, we analysed its expression after exposure to Mn2+, a cation that can 
lead to Parkinsonism. Immunocytochemistry analysis showed that Nrgn expression is first observed by 2 days 
post fertilization and is maintained throughout adulthood. By 6dpf, Nrgn expression is observed in the 
telencephalon (olfactory bulbs and pallium), diencephalon (pineal, preoptic area, posterior tubercle, 
hypothalamus, and adenohypophysis), optic tectum, medulla oblongata and spinal cord. Zebrafish embryos 
exposed to a sublethal concentration of manganese dichloride (500 µM) from 2.5 to 120 hours post 
fertilization (hpf) show a significant decrease in Ngrn expression compared to controls. This includes a very 
strong reduction in the olfactory bulbs and pallium. Shorter exposure (from 2.5 to 48 hpf) to the same 
concentration of manganese dichloride rescues by 5dpf Nrgn expression to control levels. These results 
suggest there is Mn2+ mediated cytotoxicity in the zebrafish olfactory system, as described previously in 
humans and other vertebrates, affecting Nrgn expression. Further studies will be necessary to characterize in 
more detail Mn2+ cytoxicity and its direct or indirect role on neurogranin levels. 
AA-G is supported by the Xunta de Galicia and the European Union through a predoctoral fellowship. 



 

PS1-04 
Intramodal functional plasticity in the developing somatosensory system 
Ms. Mar Aníbal-Martínez1, Mr. Luis Rodríguez-Malmierca1, Mr. Francisco José Martini1, Ms. Guillermina López-
Bendito1 

1Instituto De Neurociencias De Alicante. Universidad Miguel Hernández de Elche-CSIC, San Juan De Alicante, Spain 
 

Sensory systems are represented in the primary sensory areas of the brain, organized in anatomical and 
functional maps. Understanding how the brain adapts to the sensory loss might help us to better decipher 
the role of intrinsic and extrinsic mechanisms involved in cortical maps development. A paradigm extensively 
used to unravel the role of the afferent input during the development of the cortex is the deprivation of one 
sensory modality, which leads to an adaptive reorganization of the deprived and non-deprived sensory 
circuits. We are interested in understanding the mechanisms that trigger the establishment of territories 
during sensory systems development. To this end, we developed a mouse model in which whisker pad is 
cauterized unilaterally at the embryo stage (embWPC) to induce changes in the territories representing the 
distinct body sensory maps. These mice showed an intra-modal enlargement of the antero-lateral barrel 
subfield (ALBSF) area both in the thalamus and primary somatosensory cortex (S1) before the onset of sensory 
experience. Furthermore, dye tracing studies and in vivo calcium imaging in the embWPC mice showed severe 
structural changes of the somatosensory point-to-point axonal topography from embryonical stages 
suggesting that prenatal whiskers deprivation, before experience-dependent activity, induces functional 
rearrangements within a critical window. Finally, blockade of the patterned spontaneous activity in the 
thalamus of the embWPC mice revealed that these reorganizations of sensory territories are independent of 
thalamic activity. In sum, our results showed that the territories and sensory maps designated to distinct 
peripheral representations within a sensory system rely on prenatal mechanisms that are mainly based on 
axonal competition rules while patterns of spontaneous activity would play a crucial role in their later 
refinement.



 

PS1-05 
APOE genotype and postnatal chlorpyrifos exposure affect mice cerebral 
lipid profile 
Dra. Laia Guardia-Escote1, Ms. Judit Biosca-Brull1,2, Ms. Mikaela Mladenova-Koleva1, Dra. Pia Basaure1, Dr. Jordi 
Blanco1,3, Dra. Maria Cabré1,4 

1Universitat Rovira i Virgili, Research in Neurobehavior and Health (NEUROLAB), Tarragona, Spain, 2Universitat Rovira i 
Virgili, Psychology, Research Center for Behavioral Assessment (CRAMC), Tarragona, Spain, 3Universitat Rovira i Virgili, 
Basic Medical Science, Reus, Spain, 4Universitat Rovira i Virgili, Biochemistry and Biotechnology, Reus, Spain 
 

The brain is an organ rich in lipids, which requires different lipid molecules for its proper development and 
maturation. Lipids are involved in both structural and functional roles, including signaling in the brain. 
Apolipoprotein E (APOE) is important for the distribution of lipids and its different isoforms may lead to 
differences in lipid content in brain. In addition, the different isoforms of APOE confer different vulnerabilities 
to the toxic effects of the pesticide chlorpyrifos (CPF) that impact the brain, during development. The aim of 
this study was to assess the differences in the cerebral lipidic content depending on the APOE genotype and 
early exposure to CPF. We used C57BL/6, apoE3- and apoE4-TR male mice, which were orally exposed to 1 
mg/kg/day of CPF from postnatal day (PND) 10 to 15, whereas the control group was exposed to the vehicle 
(corn oil). Four hours after treatment, at PND 15, mice were sacrificed and the whole brain dissected to study 
the cerebral lipidome by means of LC-MS. Our results showed that lactating mice presented differences in the 
lipid profile of the brain depending on APOE genotype. General screening showed differences between 
genotypes in some cholesteryl esters, diglycerides, lysophosphocholines, phosphatidylcholines, 
sphingomyelin and triglycerides. General treatment effects and some genotype x treatment interactions were 
also observed. Differences in lipid profile present during the developmental period could explain some 
functional and maturation variances between genotypes, which are present at very early ages. Overall, this 
study provides more information on the relationship between the APOE genotype and the brain lipid 
composition.



 

PS1-06 
The development of the cerebello-cortical connectivity 
Ms. Raquel Murcia-Ramón1, Ms Belén Andrés1, Dra Guillermina López-Bendito1, Dr. Juan Antonio Moreno-
Bravo1 

1Instituto De Neurociencias, San Juan De Alicante, Spain 
 

Classically, the cerebellum has been considered a pure motor brain structure. However, mounting evidence 
has suggested that it also has essential contributions to nonmotor functions, such as cognition and emotion. 
The cerebellum is well poised to contribute to these complex behaviors because it is connected with the 
cerebral cortex which controls these functions.  In addition, the cerebellum receives afferent input from the 
cerebral cortex through the pons. The closed-loop circuits between these two regions is the anatomical 
substrate by which the cerebellum could modulate the activity pattern of distal cortical regions. 
Importantly, early abnormalities of these circuits have been related with different neurodevelopmental 
disorders, such as autism spectrum disorders. Thus, understanding how the 
cerebello-thalamo-cortical pathway develops is the initial step to understanding the cerebellar contribution 
to high-order neurodevelopmental disorders.  
Here we have developed diverse in utero strategies to specifically target the cerebellum and its long-range 
projections. This approach, together with tissue clearing methods and 3D light-sheet microscopy, has allowed 
us to study the development of cerebellar connectivity in three-dimensions.  
The data shows that cerebellar axons invade the contralateral thalamus as early as embryonic day (E)17. At 
E18, these axons target multiple motor and non-motor thalamic nuclei. Strikingly, at postnatal stages, the 
cerebellar axons recross the thalamic midline to innervate the ipsilateral thalamus.  
This broad innervation suggests a potential bilateral influence of the cerebellum over immature motor and 
non-motor thalamocortical networks. Hence, we have stablished the anatomical basis by which the 
cerebellum could impact the development and/or function of cortical circuits. 



 

PS1-07 
Motor Neuronal Conversion of Human Mesenchymal Stem Cells by 
Application of Small Molecules 
Mr. Antonio Almenar1, Ms. Alicia Estirado1, Ms. Francisca  Almagro1, Dr. Salvador Martínez1 

1Instituto De Neurociencias-CSIC-UMH, Alicante, Spain 
 

Mesenchymal Stem Cells are a good alternative to the induced pluripotent Stem Cells in different areas of 
developmental biology as well as in translational medicine. Its easy extraction, manipulation and 
maintenance, no teratoma risk transplantation or beneficial properties (immunomodulatory) after the 
transplantation are some examples of the advantages of its usage. 
 
Apart from the mentioned properties, mesenchymal stem cells are able to produce non-classical 
differentiation processes. One important differentiation trajectory observed in mesenchymal stem cells is a 
general neuronal differentiation which could produce neuron-like cell types.  
 
In  this study we try to extend this idea, and see whether the manipulation of the differentiation process of 
mesenchymal stem cells derived from adipose tissue by the application of cocktail of different small molecules 
(without genetic manipulation) could open the possibility of formation of motor neuron-like cell types. 
Furthermore, we analyse whether this non-classical differentiation could be useful to produce a cellular 
model to study Amyotrophic Lateral Sclerosis. 
 
Our results based on the analysis by immunofluorescence and quantitative PCR of different specific markers 
point to the idea that: first, the conversion to motor neuronal-like progenitors is possible starting from 
mesenchymal stem cells by the application of a sequence of cocktails of different small molecules. And 
second, that further analysis should be made to confirm its application for the production of a cellular model 
of Amyotrophic Lateral Sclerosis. 



 

PS1-08 
CHARACTERIZATION OF THE PARALAMINAR NUCLEUS IN THE MICE: AN 
AMYGDALAR REGION WITH PROTRACTED MATURATION 
Ms. Lucía Inés Torrijos Saiz1, Dr. Vicente Herranz Pérez1, Dr. Shawn Sorrells2, Professor Jose Manuel García 
Verdugo1 

1Instituto Cavanilles De Biodiversidad Y Biología Evolutiva,  University Of Valencia-CIBERNED, Valencia, Spain, 2University 
Of Pittsburgh, Pittsburgh, United States Of America 
 

The paralaminar nucleus (PL) is a region located in the ventral amygdala which has been little studied and 
whose cells in humans and non-human primates show a late maturation profile. Despite its heterogeneous 
composition, a large population of cells in the PL present simple morphology, dense clustering, and expression 
of the microtubule-associated protein doublecortin (DCX) and PSA-NCAM, both markers of immature 
neurons. Since the PL has been described in several species, including the rat, our main hypothesis is the 
existence of a homologous region to the PL in the mice brain, a species with no evidence in the matter. 
 
In this work, we studied the cellular dynamics of the PL during four stages of postnatal development in C57BL6 
mice (P7, P14, P21 and P28). First, we delimited its anatomical localization by Cresyl violet staining in sagittal 
brain sections and we characterized the PL cell populations by immunohistochemistry against several 
molecular markers. The ultrastructural characteristics of the PL cells were studied by transmission electron 
microscopy and pre-embedding immuno-gold for DCX. 
 
Our results indicate that, in mice, the PL is a discrete region of the amygdala and extends in a frontal-posterior 
direction as dense clusters of small cells around the basolateral amygdala. It is characterized by the presence 
of neurons in different maturational stages in juvenile individuals. Ultrastructurally most of DCX+ cells located 
in the PL presented immature morphology, with compacted heterochromatin and reduced cytoplasmatic 
volume. However, we found low expression of DCX in bigger neurons with a more developed cytoplasm, 
suggesting an active maturation process of these cells.  
 
In conclusion, the presence of immature DCX+ cells in the PL of mice which mature at juvenile postnatal stages 
supports the idea that protracted maturation could provide neuronal plasticity at an important time in the 
development of the amygdala.  
 



 

PS1-09 
Deregulation of the epithelial-to-mesenchymal transition process underlies 
Zic2-linked holoprosencephaly 
Dra. Aida Giner de Gracia, Dra. Cruz Morenilla, Ms.  Maria Teresa López-Cascales, Dr. Gerald Muça, Dr. Angel 
Barco, Dra. Eloisa Herrera 
1Instituto De Neurociencias, Alicante, Spain 
 

Holoprosencephaly (HPE) is a congenital brain malformation resulting from incomplete separation of the two 
hemispheres. Mutations in the Zic2 gene cause holoprosencephaly type 5, but the mechanisms that translate 
Zic2 mutations into this devastating pathology remain unclear. Here, we report that Zic2 is expressed in a few 
epiblast cells during gastrulation to become transiently upregulated in the primitive streak. Later, during 
neurulation, Zic2 is re-expressed in neural crest cells and downregulated as they delaminate from the neural 
tube. In combination with transcriptomic data from mutant embryos, chromatin occupancy profiles in 
gastrula and neural crest cells reveal that Zic2 regulates a large number of genes associated with the Wnt, 
cadherin and TGF-β pathways. In proliferating cells exposed to Wnt, Zic2 prevents the translocation of β-
catenin to the nucleus, subsequently accumulating in the cytoplasm. This blocks activation of the canonical 
pathway inducing a non-canonical Wnt response necessary to initiate EMT. Our results elucidate the role of 
Zic2 in early development and provide an explanation for the wide variety of developmental alterations in 
HPE5 patients that, unlike other HPE patients, include many other mesoderm-derived defects.  
Altogether, these analyses identify cell types, signaling cascades, and genomic regions implicated in the 
etiology of Zic2-linked neurodevelopmental disorders.



 

PS1-10 
The transcription factor Zic2 participates in adult neurogenesis at the 
hippocampal subgranular zone (SGZ) 
Dr. Carlos Sanchez Huertas1, Ivan Guzman1, Prof. Eloisa Herrera1 

1Instituto de Neurociencias (CSIC-UMH), Alicante , Spain 
 

Neurogenesis is the process whereby new postmitotic neurons are produced by neural progenitors during 
the formation and maturation of the nervous system. In the adult mouse, neurogenic process is largely 
restricted to discrete brain regions, such as the subgranular zone (SGZ) of the hippocampal dentate gyrus, 
and plays a key role in brain function. Adult neurogenesis in the SGZ generates new cohorts of granular 
neurons, which contribute to learning and memory events, and a malfunction of this process has been 
associated to depression or epilepsy. It is known that the Wnt signaling pathway is an important regulator of 
adult neurogenesis in mice, but the cellular and molecular mechanisms driving neuron generation in adult 
brain still remain obscure. The transcription factor Zic2, formerly identified as a neuron-intrinsic axon 
guidance regulator during retinothalamic circuit development, is expressed in neurogenic niches of the adult 
brain and was recently described to modulate the Wnt-β-catenin signaling pathway. We found that Zic2 is 
expressed in the radial glia-like (RGL) progenitors of the SGZ. In particular, we uncovered that Zic2 specifically 
localizes to quiescent RGLs. Following Zic2 overexpression in adult neural progenitors, we observed a 
decreased proliferation in the hippocampal SGZ, marked with Ki67 and BrdU labelling. Conversely, the 
downregulation of Zic2 led to an increase in intermediate type2a progenitors in the SGZ, labelled by Ascl1. 
These results suggest that Zic2 acts as a regulator of the transitions between quiescence and proliferation in 
the RGL progenitors. Our data support a possible role of Zic2 in the acquisition and maintenance of quiescence 
in adult neural stem cells.



 

PS1-11 
IMPLICATION OF SFRP1 IN ALTERED SYNAPTIC PLASTICITY ASSOCIATED 
WITH ALZHEIMER'S DISEASE 
Ms. Guadalupe Pereyra Gómez1, Dr. Inés  Mateo Ruiz1, Ms. María Jesús  Martín Bermejo1, Mr. Jose María  
Delgado-García2, Ms. Pilar Esteve1,3, Ms. Paola Bovolenta1,3 

1Centro de Biología Molecular Severo Ochoa, UAM-CSIC, Madrid, Spain, 2Universidad Pablo de Olavide, Sevilla, Spain, 
3Centro de Investigación Biomédica en Red de Enfermedades Raras, CIBERER, Madrid, Spain 
 

We have demonstrated that SFRP1 is a novel, promising therapeutic target for Alzheimer Disease (AD). SFRP1 
acts as a secreted endogenous regulator of ADAM10, a brain α-sheddase, which controls the activity of several 
substrates including APP and proteins regulating synaptic plasticity and neuroinflammatory crosstalk. 
Astrocyte-derived SFRP1 is upregulated in the brain of AD patients, localizing to amyloid plaques and 
interacting to Aβ peptides. Neutralization of Sfrp1 activity in AD-like mouse models decreases the formation 
of Aβ peptides, counteracts brain inflammation and maintains synaptic plasticity. Here we aimed at 
determining if Sfrp1 has a direct effect on synaptic plasticity. 
We generated a transgenic mouse model overexpressing Sfrp1 in astrocytes (GFAP-tTA;TRE-Sfrp1) and 
analysed it by immunohistochemistry and RT-qPCR to determine the possible presence of neuroinflammatory 
and molecular alterations. Mice were further characterized for cognitive abilities with behavioural tests and 
analysed for possible dendritic and spine modification via viral-mediated visualization of their morphology.  
We show that GFAP-tTA;TRE-Sfrp1 mice present an allele-dependent increase in Sfrp1 expression, which is 
associated with a decrease in dendritic and spine density already at two months of age. These defects are 
associated with an age-dependent appearance of cognitive decline and alterations in LTP.  
Our data support the idea that Sfrp1 has a direct impact on synaptic plasticity which is not secondary to its 
effect on APP processing, indicating that it might have a pleiotropic effect in AD.  



 

PS1-12 
HYPERAMMONEMIA ALTERS THE FUNCTION OF AMPA, NMDA AND GABAA 
RECEPTORS AND EXTRACELLULAR cGMP REVERSES SOME OF THESE 
ALTERATIONS   
Ms. María Sancho-Alonso1, Dr. Vicent Teruel2, Dr. Andrea Cabrera-Pastor3, Dr. Vicente Felipo1 

1Neurobiology Laboratory, Centro De Investigación Príncipe Felipe, Valencia, Spain, 2Neuronal Circuits Laboratory, 
Universidad de Valencia, Valencia, Spain, 3Neurological Impairment Group - INCLIVA, Valencia, Spain 
 

Hepatic encephalopathy (HE) is a neuropsychiatric syndrome caused by liver disease. Liver failure leads to 
hyperammonemia (HA) and inflammation, which act synergistically to induce neuroinflammation which alters 
neurotransmission leading cognitive and motor impairment. Extracellular cGMP levels are decreased in the 
hippocampus of hyperammonemic rats and increasing extracellular cGMP to normal levels normalizes 
neuroinflammation and cognitive and motor impairment, through the modulation of membrane expression 
of some glutamate and GABA receptor subunits. However, the effect of HA and extracellular cGMP on the 
function of these receptors are not known. The aim of this work was to analyze the function of AMPA, NMDA 
and GABAA receptors in the hippocampus of rats with chronic HA, and assess if extracellular cGMP modulates 
their function. Rats were sacrificed after four-five weeks of ammonium rich diet and we obtained transversal 
hippocampal slices. The MEA2100-system was used for postsynaptic Input-Output (I/O) curve recordings in 
the Schäffer Collaterals. One of the 120 available planar microelectrodes was selected in the distal part of 
CA1/CA3 border for tetanic stimulation. The recording electrode was in CA1 area. We perfused the slices with 
ACSF or with ACSF with different inhibitors (CNQX, AP5 and picrotoxin) to analyse the contribution of AMPA, 
NMDA and GABAA receptors to I/O curves separately.  To assess the effect of extracellular cGMP, 
hippocampal slices were perfused with solutions containing or not extracellular cGMP. We analysed the effect 
of HA and extracellular cGMP on different parameter of the I/O curves at different times and stimulation 
intensities. The results show that HA reduces the function of AMPA receptors and results in a 
hyperfunctionality of NMDA and GABAA receptors. Extracellular cGMP reverses some of these alterations. 



 

PS1-13 
EARLY SYNAPTIC IMPAIRMENT IN THE HIPPOCAMPUS OF A RAT MODEL OF 
PROGRESSIVE PARKINSONISM  
Arantzazu Belloso-Iguerategui1, Marta Zamarbide-Gónzalez1, Leyre Merino-Galan1, Aleph Prieto2, Carl W 
Cotman2, Joaquín Fernández-Irigoyen3, Enrique Santamaría-Martínez3, Ana Quiroga-Varela1,5, María Cruz 
Rodríguez-Oroz4,5 

1CIMA-Universidad de Navarra, Pamplona, Spain, 2Institute for Memory Impairments and Neurological Disorders, 
University of California-Irvine, Irvine, USA, 3Centro de Investigación Biomédica Navarrabiomed, Pamplona, Spain, 4Clínica 
Universidad de Navarra, Pamplona, Spain, 5Instituto de Investigación Sanitaria de Navarra (IdiSNA), Pamplona, Spain 
 

The loss of dopaminergic neurons and the aggregation of α-synuclein in intracytoplasmic Lewy bodies are key 
pathological features of Parkinson´s disease (PD). Although considered a predominantly motor disorder, PD 
patients often present non-motor signs, which could be related to alterations in limbic brain regions. The aim 
of our study was to evaluate synaptic plasticity and differential protein expression in the main limbic nucleus, 
the hippocampus, at different time-points in the neurodegenerative progress using an animal model of 
progressive parkinsonism. Rats were inoculated in the substantia nigra compacta with an adeno-associated 
viral vector coding for A53T mutated human α-synuclein (AAV-hαsyn) or empty viral vector as a control group 
(AAV-EVV), and evaluated at 1-, 2-, 4-, and 16-weeks post inoculation (p.i.). Synaptosomes were isolated from 
hippocampus and synaptic plasticity was evaluated by chemical stimulation of long-term potentiation (cLTP), 
double-staining of postsynaptic-GluA1 and presynaptic-Neurexin1β, and flow cytometry analysis, whereas 
protein expression was assessed by SWATH-MS proteomics. The effect of pramipexole and L-DOPA on cLTP 
were also tested. In the AAV-hαsyn group, a significant inhibition of cLTP was observed since 1w p.i. (p<0.01) 
coinciding with the presence of hαsyn in midbrain, confirmed by western blot. Incubation with pramipexole 
showed a recovery of cLTP in AAV-hαsyn group at all time points (p<0.05), whereas L-DOPA only recovered 
cLTP at 4 weeks p.i. (p<0.05). Of note, pramipexole partially inhibited hippocampal cLTP in AAV-EVV animals 
(p<0.05). The proteomic study identified a total of 7958 proteins, of which 131 were statistically differentially 
expressed in the AAV-hαsyn group (58 up-regulated, 73 down-regulated). Bioinformatic analysis revealed 
alterations related to synaptic structure and transport at early time-points, and related to membrane 
potential and plasticity at later time-points. Our results indicate that hαsyn impairs synaptic function and 
structure in the hippocampus of parkinsonian rats, which could be functionally recovered by dopaminergic 
treatment. 



 

PS1-14 
Astrocytes exert negative modulation on hippocampal neuron excitability 
Ms. Sara Expósito Reguero1, Mr. Samuel Alberquilla1, PhD Rosario Moratalla1, Mr. Alfonso Araque1, Mr. 
Eduardo D. Martín1 

1Instituto Cajal, CSIC, Madrid, Spain 
 

Neuronal firing is the essential element of neuronal networks as action potentials are the end product of 
synaptic integration. Therefore, brain neurons adjust their intrinsic membrane excitability to maintain the 
firing rate within their own optimal operational range. A principal homeostatic factor of neuronal excitability 
in the mammalian hippocampus is the postburst afterhyperpolarization (AHP).  AHP exerts a negative control 
predominantly through a Ca2+-dependant K+-current that contributes to the slow AHP (sIAHP) responsible 
for the spike-frequency adaptation, and can be dynamically influenced by neuronal modulators. Accumulating 
evidence indicates that astrocytes respond to neurotransmitters released by synaptic terminals and- 
modulate neuronal activity and synaptic transmission through the release of gliotransmitters. However, little 
is known about the direct effect of astrocyte signalling on neuronal intrinsic properties and the excitability of 
neuronal networks beyond synapses. To address this issue, we used electrophysiological and Ca2+ imaging 
techniques in mouse hippocampal slices, as well as chemogenetic, electric and optogenetic stimulation of 
astrocytes and/or GABAergic interneurons. We saw that chemogenetic stimulation of astrocytes with 
Clozapine-N-oxide (CNO) in CA1 hippocampal region decreases pyramidal neuron excitability through 
increasing sIAHP and the reduction of action potential firing. Both effects were blocked by using specific 
adenosine 1 receptor (A1R) antagonist. We next hypothesized that GABAergic interneurons may play an 
important role regulating ATP/adenosine release from astrocytes. Therefore, we used high frequency 
stimulation and optogenetic protocols to specifically stimulate hippocampal interneurons. In these 
experimental conditions, we found that GABA released from interneurons activates astrocytic GABAB 
receptors. Consequently, astrocytes release ATP/adenosine, which acts on pyramidal neurons A1 receptors 
increasing sIAHP and reducing neuronal excitability. Present results uncover the role of astrocytes in the 
regulation of neuronal intrinsic properties and reveal a novel mechanism involved in network dysfunctions 
and brain disorders related with neuronal hyper-excitability.



 

PS1-15 
Modelling microscale diffusion in geometrically resolved brain extracellular 
space in live tissue 
Ms. Paula Giménez Mínguez1,2, Mr Konstantinos  Chatzimichail2, Dr. Jan Tønnesen1,2 

1Universidad Del Pais Vasco, Getxo, España, 2Achucarro Basque Center for Neuroscience, Leioa, España 
 

The extracellular space (ECS) is emerging as an important regulator of brain function involved in metabolite 
clearance and volume transmission signaling. It consists of highly convolved channels and reservoirs filled 
with interstitial fluid that facilitates diffusional spreading of molecules. However, state-of-the-art methods 
for investigating diffusional properties in brain neuropil do not reconcile sub-micron optical resolution with 
live tissue experiments. Consequently, it remains largely unknown how diffusion is shaped around individual 
cellular sub-structures. Knowing this is important for understanding how ECS structure can regulate signaling 
and metabolism, and how aberrant changes in the ECS properties may disrupt these processes. 
 
Recently developed Super Resolution Shadow Imaging (SUSHI) reveals the nanoscale organization of the ECS 
in live tissue [1]. SUSHI images therefore provide new opportunities to model diffusion in the interstitial fluid 
channels around individual cellular structures. Accordingly, we aim to establish a numerical computational 
model of nanoscale ECS diffusion based on live tissue images, which is highly robust to image acquisition 
parameters and allows modelling differently sized molecules. In addition, we are using 2-Photon microscopy-
based shadow imaging [2] to study how osmotic changes affect the ECS volume and consequently the 
concentration of neurotransmitters in live brain slices.  
 
We will test the hypothesis that the local ECS geometry around a given synapse will channel away released 
transmitters in preferred directions, which may conceivably modulate extracellular crosstalk between 
neighboring synapses, and shape extrasynaptic transmission.  
 
The proposed models are likely to facilitate groundbreaking new insights into the role of ECS structure in 
shaping diffusion and signaling on micro-scales, which remains a poorly understood phenomenon. 
  
[1] Tønnesen J, et all. Super-Resolution Imaging of the Extracellular Space in Living Brain Tissue. Cell, 2018 
 
[2] Kuo, S. P., et all. Spatial Organization and Dynamics of the Extracellular Space in the Mouse Retina. J. 
Neurosci. 40, 7785–7794 (2020). 
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Glioblastoma (GB) is the most aggressive and frequent primary brain tumor. Current treatments include radio-
, chemotherapy and surgical resection of the solid core of the tumor. However, GB infiltrative cells cause that 
almost 100% of the patients undergo relapses and cause death in 16 months. GB cells produce cellular 
protrusions known as Tumor Microtubes (TMs) or cytonemes, which facilitate tumor expansion and cellular 
interaction among GB cells and with healthy surrounding neurons.  
We use a Drosophila melanogaster GB model to study glia-neuron cellular interactions that contribute to the 
neurodegeneration induced by GB signals. TMs expand through the brain and connect GB cells, and with the 
healthy neurons through synapses.  
As a consequence of GB-neuron interaction, WNT pathway and Insulin Receptor (InR) signaling attenuation 
play a central role in the neurodegeneration associated to GB. TMs accumulate specific Frizzled receptors that 
contribute to the depletion of WNT from surrounding neurons. This imbalance in WNT pathway causes JNK 
pathway activation and Matrix Metalloproteases (MMPs) secretion, MMPs degrade extracellular matrix and 
facilitates further TMs expansion. In consequence of WNT depletion, neurons undergo synapse loss and 
neurodegeneration that contribute significantly to the premature death caused by GB. 
Besides, GB cells also produce ImpL2, an antagonist of the Insulin receptor known as IGFBP7 in humans. ImpL2 
is secreted and impact on neighboring neurons, in consequence Insulin pathway is repressed, causes 
mitochondrial defects and synapse loss. Restoration of InR signaling in neurons counteracts 
neurodegenerative effects of GB. 
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The addition of new neurons to the existing hippocampal circuitry persists in the adult dentate gyrus (DG). 
During this process, named adult hippocampal neurogenesis (AHN), adult hippocampal progenitor cells 
(AHPs) give rise to newborn dentate granule cells (DGCs). The acquisition of a neuronal lineage by AHPs is 
tightly regulated by numerous signaling molecules and transcription factors. In this regard, glycogen synthase 
kinase 3β (GSK-3β) is a master regulator of the maturation of AHPs in vitro. Here we analyzed the cell-
autonomous effects of overexpressing a constitutively active form of GSK-3β (GSK-3β S9A) in AHPs in vivo. To 
this end, we stereotaxically injected a GSK-3β S9A-encoding retrovirus (GSK-3β-V5) into the DG of young adult 
C57BL6/J Ola Hsd female mice and studied the cell lineage acquisition, migratory and marker expression 
patterns, and the morphological maturation of the infected cells over time. Strikingly, GSK-3β S9A-transduced 
cells expressed glial fibrillary acidic protein (GFAP) and NG2, thereby acquiring an immature astroglial 
phenotype, which differed markedly from the neuronal phenotype observed in cells transduced with a control 
retrovirus that encoded GFP. Accordingly, the morphology and migration patterns of cells transduced by the 
two retroviruses are remarkably divergent. These observations support the role of GSK-3β as a cornerstone 
that regulates the balance between new astrocytes/neurons generated in the adult murine DG.



 

PS1-18 
Astroglial CB1 mediates synaptic plasticity in the Nucleus Accumbens 
Dr. Ana Covelo1,2, Ines Filipa Dinis1,3, Dr Giovanni Marsicano1,2 

1Inserm, Bordeaux, France, 2University of Bordeaux, Bordeaux, France, 3University of Lisbon, Lisbon, Portugal 
 

The Nucleus Accumbens (NAc) has a prominent role in the reward system and its activity is critical for the 
correct processing of relevant emotional information being involved in positive and negative reinforcement. 
Type-1 cannabinoid receptors (CB1), the main elements of the endocannabinoid system (ECS), participate in 
reward processing in part by its direct impact on synaptic plasticity in the NAc. Indeed, impaired 
endocannabinoid (eCB) signaling contributes to dysregulated synaptic plasticity, increased stress response, 
negative emotional states and cravings that propel addiction. Astrocytes play active roles in information 
processing by sensing synaptic activity and releasing neuroactive molecules – called gliotransmitters – that 
activate neuronal receptors. Through the release of gliotransmitters, astrocytes have been found to modulate 
neuronal activity and synaptic transmission in several brain areas and to impact animal behavior. CB1-
mediated astrocyte-neuron communication has been shown in different brain regions, but the functional 
astrocyte-neuron interactions and its underlying mechanisms in the nucleus accumbens (NAc) are unknown. 
We used electrophysiology, pharmacology and cell-type specific transgenic mouse lines to investigate the role 
of astroglial CB1 in synaptic plasticity in the Nucleus accumbens core. We found that CB1 specifically 
expressed in astrocytes, but not in neurons, are necessary for spike-timining-dependent long-term depression 
(t-LTD) in the NAc, a form of plasticity critically involved in memory formation. We also found that astrocytes 
release purines downstream of the CB1 activation, which is a key step for t-LTD. Synaptic modifications in the 
NAc are important for appetitive/aversive-dependent learning. Here we show that astroglial CB1 mediate 
long-term synaptic depression in the NAc and reveals astrocytes as new potential targets for treatment of 
motivational disorders.



 

PS1-19 
In silico screening of GMQ-like compounds reveals guanabenz and sephin1 
as new allosteric modulators of acid-sensing ion channel 3 
Dr. G Callejo1,2, Mr LA Pattison1, Mr JC Greenhalgh1, Dr S Chakrabarti1, Ms E Andreopoulou1, Dr JRF Hockley1, 
Dr E St. John Smith1, Dr T Rahman1 

1Department of Pharmacology, University of Cambridge, Cambridge, United Kingdom, 2Institut de Neurociències, 
Universitat de Barcelona, Barcelona, Spain 
 

Acid-sensing ion channels (ASICs) are voltage-independent cation channels that detect decreases in 
extracellular pH. Dysregulation of ASICs underpins a number of pathologies. Of particular interest is ASIC3, 
which is recognised as a key sensor of acid-induced pain and is important in the establishment of pain arising 
from inflammatory conditions, such as rheumatoid arthritis. Thus, the identification of new ASIC3 modulators 
and the mechanistic understanding of how these compounds modulate ASIC3 could be important for the 
development of new strategies to counteract the detrimental effects of dysregulated ASIC3 activity in 
inflammation. Here, we report the identification of novel ASIC3 modulators based on the ASIC3 agonist, 2-
guanidine-4-methylquinazoline (GMQ). Through a GMQ-guided in silico screening of Food and Drug 
administration (FDA)-approved drugs, 5 compounds were selected and tested for their modulation of rat 
ASIC3 (rASIC3) using whole-cell patch-clamp electrophysiology. Of the chosen drugs, guanabenz (GBZ), an α2-
adrenoceptor agonist, produced similar effects to GMQ on rASIC3, activating the channel at physiological pH 
(pH 7.4) and potentiating its response to mild acidic (pH 7) stimuli. Sephin1, a GBZ derivative that lacks α2-
adrenoceptor activity, has been proposed to act as a selective inhibitor of a regulatory subunit of the stress-
induced protein phosphatase 1 (PPP1R15A) with promising therapeutic potential for the treatment of 
multiple sclerosis. However, we found that like GBZ, sephin1 activates rASIC3 at pH 7.4 and potentiates its 
response to acidic stimulation (pH 7), i.e. sephin1 is a novel modulator of rASIC3. Furthermore, docking 
experiments showed that, like GMQ, GBZ and sephin1 likely interact with the nonproton ligand sensor domain 
of rASIC3. Overall, these data demonstrate the utility of computational analysis for identifying novel ASIC3 
modulators, which can be validated with electrophysiological analysis and may lead to the development of 
better compounds for targeting ASIC3 in the treatment of inflammatory conditions.
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TRESK (K2P18.1) is a background K+ channel expressed in sensory neurons, where it modulates the resting 
membrane potential, action potential firing and neuronal excitability. A subset of these sensory neurons, 
which express specific TRPs and Mas-related G protein-coupled receptors (Mrgprs), are activated by 
pruritogens and mediate itch sensations. Because TRESK is involved in somatosensitivity and pain perception, 
we evaluated the contribution of this channel to pruritic sensitivity and its potential as a target for the 
treatment of chronic itch pathologies including renal or liver failure, Hodgkin's lymphoma and different types 
of dermatitis. By combining, RNA in situ hybridization, calcium imaging, electrophysiological and behavioral 
approaches, we found that TRESK is involved in the modulation of non-histaminergic itch. TRESK colocalizes 
in MrgprD+ and MrgprA3+ sensory neurons. Different populations of primary cultured sensory neurons from 
both wild-type and TRESK knockout mice were activated by chloroquine (CQ), β-alanine, BAM8-22 or 
histamine in calcium imaging experiments. At the behavioral level, subcutaneous injection of chloroquine in 
the cheek model produced an acute scratching response, which was significantly enhanced in mice lacking 
TRESK.  Interestingly, TRESK ko mice also showed alterations in mice models of chronic itch. Induction of 
Allergic Contact Dermatitis or Dry Skin showed a significantly higher scratching response in mice lacking TRESK 
compared to their wild-type counterparts. In the mouse model of imiquimod-induced psoriatic itch, the 
absence of TRESK produced a significantly enhanced scratching behavior, which developed earlier and was 
more robust. In summary, our data indicate that TRESK is involved in regulating the excitability of a subset of 
sensory neurons that mediate histaminergic-independent itch. Given the prominent role of this neuronal 
subpopulation in chronic itch diseases, TRESK appears as a new potential candidate for therapeutic 
intervention.
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TRESK (K2P18.1) is a background K+ channel highly expressed in spinal cord, dorsal root and trigeminal ganglia 
sensory neurons, where it has been involved in modulating sensory neuron excitability and firing. Changes in 
channel expression and function have been reported to enhance nociceptor excitability after injury or 
inflammation. To determine the role of TRESK in sensory transduction, we first compared the excitability and 
membrane properties of small/medium-sized sensory neurons in whole cell patch clamp recordings of 
cultured DRG neurons from wild type and TRESK knockout mice, which presented a reduced action potential 
threshold, increased membrane resistance and enhanced repetitive firing upon depolarization. Recordings of 
skin nociceptive fibers showed strong activation in response to cold in the absence of TRESK channel. In 
agreement, behavioral experiments in TRESK ko mice revealed a decreased mechanical threshold to von Frey 
hairs and an enhanced cold sensitivity. No significant changes were found for thermal sensitivity to warm or 
hot temperatures. Nocifensive behavior after capsaicin injection was unaltered while the response to AITC 
was slightly diminished. Interestingly, TRESK ko mice presented a reduced response to hypertonic and 
hypotonic stimuli even after sensitization with PGE2. During inflammation, ko mice showed a decreased phase 
I response in the formalin test, while phase II was unaltered. In the CFA-induced inflammatory model, both 
mechanical and thermal sensitivity were enhanced compared to wt animals. Mechanical and thermal 
hyperalgesia were also enhanced in the sciatic nerve cuffing model of neuropathic pain. Finally, the 
oxaliplatin-induced cold sensitization was absent in ko mice, probably due to the already enhanced cold 
sensitivity. In summary, our results indicate that TRESK has a significant contribution regulating the excitability 
of certain populations of sensory neurons mainly involved in mechanical and cold pain sensing. Moreover, a 
down-regulation of its expression as occurs after nerve injury might contribute to the generation of the 
hyperalgesia and allodynia observed during chronic pain. 
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Fragile X patients and mice lacking the Fragile X Mental Retardation Protein (Fmr1 KO) suffer from multiple 
behavioral alterations including some motor deficits. We found that cerebellar parallel fiber to Purkinje cell 
Fmr1 KO synapses show an increase in synaptic vesicle (SV) docking and in spontaneous release that occludes 
further potentiation by β adrenergic receptors (β-ARs) and compromises parallel fiber Long Term Potentiation 
(LTP), a presynaptic form of synaptic plasticity. Diminishing the extracellular Ca2+ concentration, restored the 
readily releasable pool (RRP) size and rescued β-AR-mediated potentiation and parallel fiber LTP. 
Interestingly, VU 0155041, a selective positive allosteric modulator of mGlu4 receptors, also restored both 
the RRP size and parallel fiber LTP. Moreover, VU 0155041 injected into Fmr1 KO mice improved both parallel 
fiber LTP and a cerebellum based motor skilled reaching test. Thus, pharmacological activation of mGlu4 
receptors may offer therapeutic relief in Fragile X Syndrome. 



 

PS1-23 
IMPACT OF BRAIN STATE ON TRANSCRANIAL DIRECT-CURRENT 
STIMULATION (tDCS) EFFECTS IN MICE 
Mr. Guillermo Sánchez-Garrido Campos1, Mrs. Ángela M. Zafra1, Dr. Isabel Cordones1, Mrs. Marta Estévez-
Rodríguez1, Dr. Javier Márquez-Ruiz1 

1Universidad Pablo De Olavide, Seville, Spain 
 

Transcranial direct-current stimulation (tDCS) is a non-invasive brain stimulation technique capable of 
inducing polarity-specific changes in neuronal excitability. Whilst cathodal tDCS has been related to long-term 
depression in mice primary somatosensory cortex (S1), anodal tDCS have no long-term effects. The 
physiological changes induced in the brain during and after tDCS must be interpreted as the result of the 
interaction between the imposed electrical currents and fields and the on-going, endogenous cortical 
activities. The aim of this study was to determine the impact of different brain states (awake vs anesthetized) 
on the short- and long-term effects observed during and after tDCS on mice S1 cortex.  
 
For that, we prepare C57 mice for chronic recording of LFPs in S1, ventroposterior-medial thalamus nuclei 
(VPM) electrical stimulation and tDCS in head-restrained animals. Evoked potentials (EPs) induced in S1 due 
to electrical stimulation of VPM (every 10±2s) were recorded on awake and under anesthesia condition 
(isoflurane). Short-term (15s pulses, ±50µA, ±100µA, ±150µA and ±200µA) and long-term (±200µA, 20min) 
effects of tDCS in both conditions were compared. 
 
Differences within EPs were found between brain states (smaller amplitudes and longer latencies appeared 
under anesthesia). Short-term effects of tDCS on EPs were evident for both awake and anesthetized 
conditions inducing an increase and decrease in the amplitude during anodal and cathodal, respectively. On 
the other hand, clear long-term effects were observed in anesthetized animals whilst no significant long-term 
effects were observed on awake mice for anodal nor cathodal tDCS. Under isoflurane condition, a decreased 
amplitude in EPs was induced remaining up to 1 hour after cathodal tDCS offset. Contrarily, an increase in the 
amplitude of EPs was observed after anodal tDCS offset.  
 
These results demonstrate an important role of the brain state on long-term plastic changes induced by tDCS 
in mice S1 region.  
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It is widely known that brain needs a lot of energy to carry out all its functions. Neurons use most of this 
energy to maintain glutamatergic synapsis in which AMPA receptors play an important role. Our group has 
recently demonstrated that the basal transport of AMPAR subunit GluA1 to the plasma membrane is 
downregulated upon glucose depletion. Moreover, it has been described that specific nutrients also modulate 
synaptic strength, as well as some diets have an impact on learning and memory processes. The aim of this 
study is to elucidate the molecular mechanisms by which different nutrients can regulate synaptic function, 
analyzing its effects on AMPAR trafficking. In order to address this objective, primary cortical mouse neurons 
were treated with different fatty acids or ketone bodies at 14-15 days of culture. Then, GluA1 surface levels 
were analysed by immunocytochemistry. Our results indicated that, on the one hand, palmitic acid, a 
saturated fatty acid mostly found in palm oil, decreased the amount of GluA1 surface levels in neurons. 
However, oleic acid, an unsaturated fatty acid which comprises the majority of olive oil, did not show a 
negative impact on GluA1 synaptic level. Nevertheless, a polyunsaturated fatty acid found in fish like salmon, 
the ω-3 docosahexaenoic acid, increased the amount of GluA1 subunit at plasma membrane. On the other 
hand, the β-hydroxybutyrate, a ketone body used as a source of energy in the brain during ketogenic diet 
(based on low carbohydrate and high fat intake), raised GluA1 surface levels. In summary, we demonstrate 
that saturated fatty acids reduce GluA1 surface levels, while polyunsaturated fatty acids and ketone bodies 
seem to have beneficial effects in neurons. These results give insight into why certain diets are able to delay 
cognitive impairment in neurodegenerative diseases. 
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Exercise is the most common physiological stimulus and has the capacity to modify tissues functionality. It 
improves motor control and cognitive abilities and reinforces neuroprotective mechanisms in central and 
peripheral nervous system. Peripheral nerves interact with skeletal muscles at the neuromuscular junction to 
guarantee an appropriated functionality of each other and of the neuromuscular synapse. Thus, modifications 
of this bidirectional communication through physical activity preserve this synapse as it increases quantal 
content and resistance to fatigue, acetylcholine receptors expansion and myocytes fast-to-slow functional 
transition.  
Here, we provide the intermediate step between physical activity and functional and morphological changes 
by analysing the molecular adaptations of the full BDNF/TrkB downstream signalling in the skeletal muscle 
pathway, directly involved in acetylcholine release and synapse maintenance. After 45 days of training at 
different intensities, the BDNF/TrkB molecular phenotype of trained muscles from male B6SJLF1/J mice 
evidence a fast-to-slow transition without affecting motor neuron size. We provide further knowledge to 
understand how exercise induces muscle molecular adaptations towards a slower phenotype, resistant to 
prolonged trains of stimulation or activity that can be useful as therapeutic tools. 
Funding: This research was funded by Ministerio de Ciencia, Innovación y Universidades, the Agencia Estatal 
de Investigación (AEI) and the European Regional Development Fund (ERDF) PID2019-106332GB-I00, the 
support of the Universitat Rovira i Virgili (URV) (2017PFR-URV-B2-85) and the Catalan Government 
(2017SGR704). L.J.-B. has been supported by the Universitat Rovira i Virgili (URV) under the framework of the 
“Programa Martí i Franquès d’ajuts a la investigació. Contractes de personal investigador predoctoral en 
formació (PMF-PIPF). 
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The majority of the fibroblast growth factor receptor 1-serotonin 1 A receptor (FGFR1-5-HT1AR) 
heterocomplexes in the hippocampus appeared to be located mainly in the neuronal networks and a relevant 
target for antidepressant drugs. Through a neurochemical and electrophysiological analysis it was therefore 
tested in the current study if astrocytic FGFR1-5-HT1AR heterocomplexes also exist in hippocampus. They 
may modulate the structure and function of astroglia in the hippocampus leading to possible changes in the 
gamma oscillations. Localization of hippocampal FGFR1-5-HT1AR heterocomplexes in astrocytes was found 
using in situ proximity ligation assay combined with immunohistochemistry using glial fibrillary acidic protein 
(GFAP) immunoreactivity as a marker for astroglia. Acute i.c.v. treatment with 8-OH-DPAT alone or together 
with basic fibroblast growth factor (FGF2) significantly increased FGFR1-5-HT1AR heterocomplexes in the 
GFAP positive cells, especially in the polymorphic layer of the dentate gyrus (PoDG) but also in the CA3 area 
upon combined treatment. No other hippocampal regions were studied. Also, structural plasticity changes 
were observed in the astrocytes, especially in the PoDG region, upon these pharmacological treatments. They 
may also be of relevance for enhancing the astroglial volume transmission with increased modulation of the 
neuronal networks in the regions studied. The effects of combined FGF2 and 5-HT agonist treatments on 
gamma oscillations point to a significant antagonistic interaction in astroglial FGFR1-5-HT1AR 
heterocomplexes that may contribute to counteraction of the 5-HT1AR-mediated decrease of gamma 
oscillations.
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Frontotemporal dementia (FTD) is characterized by remarkable neuronal loss in both the frontal and temporal 
lobes of the brain. FTD-Tau is a variant of this disease that belongs to the family of tauopathies. Our laboratory 
generated a mouse model which carries three familial mutations, namely G272V (V), P301L (L), and R406W 
(W), on MAPT, the gene encoding tau. This mouse model (named TauVLW) exhibits behavioural impairments 
as well as hippocampal anatomic alterations similar to those described in patients with FTD. The hippocampus 
is involved in learning, memory, and mood regulation. Moreover, it hosts the generation of new hippocampal 
dentate granule cells (DGCs) throughout life. This process, named adult hippocampal neurogenesis (AHN) is 
impaired in patients and animal models of neurodegenerative diseases. 
 
We used a novel combination of retroviral approaches to in-depth characterize the morphological and 
functional maturation of adult-born DGCs in TauVLW mice. First, we used Red-Green-Blue (RGB) retroviruses 
to address the temporary course of the morphological alterations observed in these neurons. Retroviruses 
encoding either PSD95: GFP or Syn: GFP revealed dramatic impairments in the afferent and efferent 
connectivity of newborn DGCs in TauVLW mice. Monosynaptic retrograde rabies virus tracing showed that 
these cells are disconnected from distal brain regions and local sources of excitatory innervation, and 
subjected to increased inhibitory innervation by local interneurons. Similarly, increased levels of markers of 
inhibitory neurotransmission were found in the DG of FTD patients.  
 
Finally, we used a retrovirus that encodes the excitatory Designer Receptor Exclusively Activated by Designer 
Drugs (DREADDs) H3Dmq and achieved a complete reversion of the morphological alterations exhibited by 
newborn DGCs of TauVLW mice. Moreover, functional impairments were also partially reversed. Our results 
suggest that chemoactivation may be explored as a future therapeutic target for the treatment of distinct 
neurodegenerative diseases in which neuronal connectivity is compromised. 
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The endocannabinoid system (ECS) is related to several physiological processes associated with the 
modulation of brain excitability, with impact on the expresión, susceptibility and control of epileptic seizures. 
The cannabinoid receptor type 1 (CB1R) is widely expressed in the brain, especially in the limbic structures of 
the forebrain. Changes in CB1R expression are associated with seizures in animal models and in humans. The 
Wistar Audiogenic Rat (WAR) strain and Genetically Audiogenic Seizure-Prone Hamster from Salamanca 
(GASH/Sal) are genetic models of epilepsy that present tonic-clonic and limbic seizures in response to intense 
sound stimulation. In this work we aim characterize the expression of CB1R by immunohistochemistry in brain 
structures important for the expression of limbic seizures. For this, we used an immunohistochemical protocol 
to evaluate the effects of acute and chronic audiogenic seizures on the expression of CB1R in different regions 
of the hippocampus and amygdala. WARs showed increased immunostaining for CB1R in the inner molecular 
layer of the hippocampus. Acute and chronic audiogenic seizures increased CB1R immunostaining in limbic 
structures of WARs. Furthermore, changes in CB1R expression in the amygdala, but not in the hippocampus, 
were associated with limbic recruitment and severity of limbic seizures in WAR. The expression of CB1R in 
GASH/Sal showed a wide distribution in many brain nuclei. These CB1R immunostaining patterns are 
practically identical between the GASH/Sal and the control animals, varying in the intensity of immunostaining 
in limbic regions, being slightly weaker in the GASH/Sal than in the control, mainly in brain regions associated 
with epileptogenic circuits. Our results suggest that endogenous alterations in CB1R immunostaining in 
genetic models of epilepsy could be associated with genetic susceptibility to audiogenic seizures. Also, we 
demonstrate neuroplastic changes of CB1R in amygdala and hippocampus is associated with acute and 
chronic seizures. Furthermore, the present study provides important information on CB1R and susceptibility 
to seizures in genetic animal models of seizures and supports the relationship between ECS and epilepsy.
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In response to specific threats, mammals select a response among a repertoire of different defensive 
behaviors. The selection and the rapid execution of this response are crucial for animal survival and are 
determined not only by the nature of the threat but also by the contextual contingencies. Therefore, in order 
to survive a dangerous situation mammals have to integrate multimodal information regarding the threat, 
the context and its internal state to rapidly elicit the most adaptive fear response. The neuronal circuits and 
mechanisms allowing this rapid selection of appropriate defensive fear responses are still largely unknown. 
To address this question, we used a multi-level approach combining simultaneous electrophysiological 
recordings and optogenetic manipulations in a novel and unique behavioral paradigm allowing mice to select 
different defensive behaviors  when facing different threats. Using this combination of techniques, we 
monitored the neuronal activity of dmPFC neurons of mice presented with different threats to demonstrate 
that at the population level, dmPFC neuronal activity encodes both a general fear state and more specific 
information about the identity of the threats. We further investigated the processes that allow for this 
simultaneous encoding of threat and fear information and the effects of manipulating the activity of the 
dmPFC in the selection of specific defensive responses. 
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Understanding brain operation demands linking basic behavioural traits to cell-type specific dynamics of 
different brain-wide subcircuits. This requires a system to classify the basic operational modes of neurons and 
circuits. Single-cell phenotyping of firing behaviour during ongoing oscillations in vivo has provided a large 
body of evidence on hippocampal function, but data are dispersed and diverse. Here, we mined literature and 
obtained new data to update information on oscillatory dynamics of over 100 hippocampal neuronal types 
defined in Hippocampome.org. We integrate all current knowledge about the morphology, biophysics, 
genetic identity, connectivity, and firing patterns of a wealth of GABAergic and glutamatergic neurons to 
provide a comprehensive single-cell map of the hippocampal region. Finally, we show how using 
Hippocampome.org can provide knowledge-based classification of hippocampal neurons recorded with 
extracellular methods as well as provide additional resources for biologically realistic computational 
modelling to ease applications in artificial intelligence. 
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When faced with a new task, animals’ cognitive capabilities are determined both by individual experience and 
by structural priors evolved to leverage the statistics of natural environments. Rats can quickly learn to 
capitalize on the trial sequence correlations of two-alternative forced choice (2AFC) tasks after correct trials, 
but consistently deviate from optimal behavior after error trials, when they waive the accumulated evidence. 
To understand this outcome-dependent gating, we first show that Recurrent Neural Networks (RNNs) trained 
in the same 2AFC task outperform animals as they can readily learn to use previous trials’ information both 
after correct and error trials. We hypothesize that, while RNNs can optimize their behavior in the 2AFC task 
without a priori restrictions, rats’ strategy is constrained by a structural prior adapted to a natural 
environment in which rewarded and non-rewarded actions provide largely asymmetric information. When 
pre-training RNNs in a more ecological task with more than two possible choices, networks develop a strategy 
by which they gate off the across-trial evidence after errors, mimicking rats’ behavior. Our results suggest 
that the observed suboptimal behavior reflects the influence of a structural prior that, adaptive in a natural 
multi-choice environment, constrains performance in a 2AFC laboratory task.
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Sharp-wave ripples (SWR) are high frequency hippocampal events, which presumably play different cognitive 
roles in memory consolidation and planning. Understanding how SWR waveform variability relates to the 
underlying microcircuits remains elusive but is essential to dissect cognitive function.  
Here, we use topological data analysis to estimate the intrinsic structure of a wealth of SWRs recorded from 
head-fixed mice in vivo. We apply dimensionality reduction and visualization methods, such as Uniform 
Manifold Approximation and Projection (UMAP) to facilitate discovery of different SWR features. First, we 
show that a low number of intrinsic dimensions can explain waveform variability using a set of methods 
(Maximum Likelihood; Isomap; DanCo; Expected Simplex Skewness; PCA) tested against a ground-truth. Next, 
we apply UMAP to reduce dimensionality of SWR events and to visualize how different potential features (e.g. 
frequency, amplitude, slopes, etc…) accounted for waveform variability. Using cluster measures, we evaluate 
the distribution of these different features over the low dimensional manifold. We find different contribution 
of frequency, amplitude, slope and spectral entropy to the global variance of SWR, and confirmed some of 
these trends in synthetic datasets. Moreover, by projecting physiologically relevant measures over the UMAP 
manifold, we identify potential mechanisms associated to the expression of different features. Our study 
shows how topological analysis can be applied for unsupervised sorting of SWR events.



 

PS1-33 
Using 1D-convolutional neural networks to detect and interpret sharp-
wave ripples 
Ms. Andrea Navas-Olive1, Mr. Rodrigo Amaducci2, Dr. Maria Teresa Jurado-Parras1, Mr. Enrique R. Sebastian1, 
Dr. Liset Menendez de la Prida1 

1Instituto Cajal - CSIC, Madrid, Spain, 2Grupo de Neurocomputación Biológica (GNB). UAM, Madrid, Spain 
 

Sharp-wave ripples (SWR) are high frequency events recorded in the local field potential (LFP) of the 
hippocampus of rodents and humans. During SWR, the sequential firing of ensembles of neurons act to 
reactivate memory traces of previously encoded experience. SWR-related interventions can influence 
hippocampal-dependent cognitive function, making their real-time detection crucial to understand 
underlying mechanisms. However, existing SWR identification tools mostly rely on using spectral methods, 
which remain suboptimal.  
 
Here, we introduce a 1D convolutional neural network (CNN) operating over high-density LFP recordings to 
detect hippocampal SWR both offline and online. The adapted architecture included seven convolutional 
deep layers composed of different filters to process 8-channel LFP inputs in increasing hierarchical complexity 
and one output layer delivering the probability of an occurring SWR. We report offline performance on several 
types of recordings (e.g. high-density probes, linear arrays, ultradense Neuropixels) as well as on open 
databases that were not used for training. By saturating the operation of different filters, we examine and 
interpret their optimal behavior associated to the ground truth versus a random selection. We then use 
dimensionality reduction techniques to visualize how the network evolve across learning. Finally, we show 
how by building a plug-in for a widely used open system such Open Ephys, our method detects SWRs in real 
time. We conclude with discussion on how this approach can be used as a discovery tool for better 
understanding the dynamics of SWR.
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Depression is an extended pathology, with more than 300 millions of people affected. However, the most 
used antidepressants, based on the monoamine theory of depression, have several limitations. Hence, new 
therapeutic alternatives based on glutamatergic transmission have emerged. In order to optimize the use of 
these new therapies, it would be useful to describe biomarkers of their antidepressant effect and of other 
undesired but potential outcomes. 
Therefore, the main objective of this work is to characterize the electrophysiological activity generated by 
two of these antidepressants, Ketamine and LY 404187, to propose potential electrical biomarkers of their 
effects.  
To do so, two doses (5 and 30mg/Kg) of Ketamine and a dose of LY 404187 (3 mg/kg) were injected to different 
groups of CD1 mice, and local field potentials were recorded from their infralimbic cortex (IL), dorsal 
hippocampus (HPCd) and basolateral amygdala (BLA). Electrophysiological recordings were also performed 
during several days following drug administration to describe the duration of the effects. In other groups of 
animals, behavioural tests to measure antidepressant effects (Forced Swimming Test and Tail Suspension 
Test), psychotic symptomatology (Novel Object Recognition) or anxiety traits (O-Maze and Open Field) induce 
by each drug and dose were carried out. This allowed to better interpret the behavioural correlation of the 
electrical effect induced by each treatment.  
Results showed that immediately to the administration of Ketamine there was an increase of the power of 
low theta and gamma oscillations in all nuclei and a decrease of that of beta oscillations into HPCd and BLA. 
Furthermore, animals showed psychomimetic behaviours. After LY administration, low theta oscillations in 
HPCd and BLA during the first 30 min as well as the expression of anxiety-related behaviours rose.  Both drugs 
produce rapid and lasting antidepressant effects, so electrophysiological changes would also be predictive of 
these.
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Extraocular muscles contain singly innervated fibers (SIF), that receive one en plaque motoneuronal synapse 
and twitch upon electrical stimulation, and the atypical and less abundant multiply innervated fibers (MIF), 
which receives multiple en grappe motoneuronal contacts along its entire length and are non-twitch. Previous 
morphological studies have reported a distinct anatomical distribution and afferent pattern of SIF and MIF 
motoneurons, suggesting that SIF motoneurons would participate in the whole repertoire of eye movements, 
while MIF motoneurons would contribute only to slow eye movements. 
 
We aimed to discern the function of electrophysiologically-identified abducens and medial rectus SIF or MIF 
motoneurons by extracellular single-unit recordings in awake cats during fixations, saccades, disjunctive and 
vestibularly-induced eye movements. Additionally, retrograde tracing of MIF motoneurons and the 
combination with ChAT immunolabeling allowed us to carry out a morphological study comparing between 
both types of motoneurons. 
 
We have demonstrated that abducens and medial rectus SIF and MIF motoneurons participated in all different 
types of eye movement. However, MIF motoneurons exhibited lower firing rate, were recruited earlier and 
presented lower eye position and velocity sensitivities than SIF motoneurons. Anatomically, MIF and SIF 
motoneurons distributed intermingled within the abducens nucleus, and both in the dorsal and ventrolateral 
part of the medial rectus subdivision of the oculomotor complex, with MIF motoneurons being smaller and 
having a lesser somatic synaptic coverage. 
 
In conclusion: 1) MIF and SIF motoneurons both discharge during all types of eye movements, although with 
different thresholds and sensitivities; 2) the smaller size of MIF motoneurons could explain their longer 
antidromic activation latencies and lower recruitment thresholds; 3) the larger synaptic coverage of SIF 
motoneurons could explain their higher firing rates and eye sensitivities; and 4) MIF motoneurons appear 
randomly distributed in the abducens and oculomotor nuclei. 
 
Supported by: PGC2018-094654-B-100 (MCI/AEI/FEDER, UE). 
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Thyroid hormone (TH) is essential for proper brain development, function, and metabolism. Monocarboxylate 
transporter 8 (MCT8) and organic anion transporting polypeptide 1C1 (OATP1C1) are highly specific TH 
transporters that facilitate TH to cross the plasma membrane to perform its bioactivity. Mutations of MCT8 
and OATP1C1 affect inevitably the motor system in human, and so far it is unknown the nature of the neural 
cells in which these transporters are expressed in the adult monkey and human basal ganglia and motor 
related structures.  
We performed immunohistochemistry, immunohistochemistry combined with NADPH-diaphorase 
histochemistry or double immunofluorescence of 30-50µm floating frozen brain sections from three 
cynomolgus monkeys and four adult humans. The immunolabeling results were plotted in distribution maps 
by means of the Neurolucida system (MicroBrightField Biosciences). 
MCT8 and OATP1C1 are expressed in neuronal subtypes with different morphologies in the neostriatum both 
in human and monkey. MCT8 is expressed in medium-sized aspiny non-NOS expressing GABAergic 
interneurons. OATP1C1 and MCT8 are expressed in neurons in the globus pallidus and the motor thalamus. 
OATP1C1 and MCT8 distribution is similar in the human and monkey tissues, although their protein expression 
is stronger in the monkey brain. MCT8 is less abundant than OATP1C1 in general. In addition, we have noticed 
that both transporters are strongly expressed in substantia nigra in the monkey and in nucleus basalis of 
Meynert in human and monkey. MCT8 is expressed extensively in the endothelial cells of the various size 
vessels and capillaries in the basal ganglia and thalamus, while OATP1C1 is occasionally observed. 
Our study provides the first evidence for the abundance of TH transporters MCT8 and OATP1C1 in the basal 
ganglia and thalamic neurons in the adult human and non-human primates, which suggests their important 
role in the motor system functionality.
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Monocarboxylate transporter 8 (MCT8) and organic anion-transporting polypeptide 1C1 (OATP1C1) are 
thyroid hormone (TH) transmembrane transporters that play a crucial role in the availability of systemic THs 
for neural cells allowing their appropriate development and function. MCT8 mutations are the underlying 
reason of Allan-Herndon-Dudley syndrome which expresses a dramatic motor disfunction. This study aims to 
analyze the presence of these two proteins at the cellular level in the monkey and human cerebral cortex. 
We analyzed the distribution of these two transporters in the cerebral cortex of 30-50 µm floating frozen 
cerebral cortex sections taken from three cynomolgus monkeys and four adult humans by Nissl staining, 
immunohistochemistry, double labeling immunofluorescent and immunohistochemistry combined with 
NADPH-diaphorase histochemistry. 
OATP1C1 is expressed in pyramidal neurons in layers II, III, V, and VI in both monkey and human brain, as 
evidenced by colocalization with RC3/Neurogranin. Non-colocalization with NADPH-diaphorase implies that 
OATP1C1 is not expressed in multipolar, bitufted and stellate NOS-expressing GABAergic interneurons in the 
cortex. MCT8 distribution is similar to that of OATP1C1 in monkey and human brain, although the intensity of 
its signal is lower. Interestingly, Cajal-Retzius like cells expressing OATP1C1 are observed in layer I. OATP1C1 
and MCT8 immunostained cells with very small soma and large processes compatible with astrocyte 
morphology are found in the subcortical white matter in close relation to vessels. MCT8 is also expressed in 
the endothelial cells of the different size vessels and capillaries throughout the monkey and human cortex, 
while OATP1C1 is occasionally observed in the endothelium of large and medium-sized vessels. 
Our results demonstrate the abundance of MCT8 and OATP1C1 TH transporters in the long and short 
projection pyramidal cortical neurons and in the astrocyte-vessel complexes in adult human and non-human 
primates, which suggest their critical position in the efferent cortical motor system.
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Introduction. Spatial navigation is an indispensable cognitive function. It makes possible to find a path to 
reach a goal location. When retaking routes, the original visual stimuli that allowed us to establish cognitive 
mapping using an allocentric strategy during the acquisition phase may not remain physically identical at the 
time of retrieval, as a consequence of environmental changes. In the standard experimental paradigms to 
assess spatial memory, the cues are typically maintained constant, obviating the mentioned issue. Material 
and methods. In order to deepen into cue availability during the retrieval phase in comparison with learning, 
we trained rats on a reference memory protocol with five cues placed on black curtains that surrounded the 
pool, and seven days later, we tested memory retrieval under different conditions: maintenance of the five 
cues, removal of two and four of them, and the addition of three extra ones. Rats subjected both to the 
maintenance or the removal of some of the original visual distal cues during retrieval achieved it adequately, 
whereas those exposed to extra cues failed to retrieve the spatial memory. Then, we assessed brain oxidative 
metabolism through cytochrome c oxidase (CCO) histochemistry. Results: Under full- and partial-cue 
conditions, there is an enhancement of the hippocampal, prefrontal, retrosplenial, parietal, and rhinal cortex 
metabolism. However, rats that failed to retrieve spatial information in the extra cues condition showed 
similar or lower CCO activity than controls across many limbic areas. Conclusions: The presence of a partial 
portion of visual stimuli from learning makes it possible to reactivate the entire memory trace, but extra 
spatial information makes difficult to disengage the novel information from the older knowledge and establish 
a contextual generalization. 
 
Keywords: cytochrome c oxidase; brain metabolism; retrieval; cue availability; spatial memory.
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On average, humans blink 8-21 times per minute while resting, but this unconscious rate changes with 
activities such as talking, listening, or watching screens. Apart from the primary physiological function of 
wetting the cornea, blinks are linked to attention and vary according to the cognitive processing of visual 
activities. Previously, we found that the style of edition of videos affected viewers’ eye blink rate. 
 
We presented three videos with the exact same narrative but different styles of editing and recorded the 
blink rate of 40 participants (age: 43.97 ± 8.07 years). We compared the eye blinks of participants while 
watching the actions within the three styles of edition.  
 
Blinks were distributed into 40 bins of 4.95 s each for visual presentation in a histogram and observed that 
blink evolution across bins was very similar, regardless of the style of edition presented to participants. We 
found a significant effect of Time [F(39,3041) = 5.199, p < 0.001] and a significant Time × Style interaction 
[F(78,3041) = 2.004, p < 0.001], while no main effect of Style was found. In addition, we found six actions in 
the narrative content when special synchronization of viewers’ blink happened. Three actions corresponded 
with a decrease of the blinks, the rest with an increase. The moments of increased blinks corresponded to 
those when the actor leaves the scene and when the movie repeats the same action for a while. The moments 
of decreased eye blinks corresponded to actions where visual information was crucial to proper 
understanding of the scene presented. 
 
According to our results, viewers’ attention is more related to the narrative content presented on videos than 
to the edition style. We conclude that in the context of managing viewers’ attention, content overrules the 
style.  
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Professionalization requires long-time training. In the case of media professionals, they watch screens steadily 
over time (taking related decisions with high level of attention). Previous results from our group suggest that 
there is a media professionalization effect in visual perception of media contents. 
 
We recorded electroencephalographic signals from 36 participants (18 media professionals and 18 non-media 
professionals) while they were watching audiovisual contents. We compared their brain activity and 
connectivity after the cuts. We analyzed event-related potentials (ERPs) for periods of 1.5 s (from  0.5 to 1 
s). We approached brain connectivity from functional (phase-locking value, PLV) and effective (Granger 
causality, GC) connectivity analysis. 
 
We identified substantial differences in the spontaneous blink rate (SBR) related to media professionalization. 
In media professionals, cuts have a greater impact with a decrease of SBR [t(17) = -2.99, p = 0.008, paired t-
test], while cuts do not have such impact in non-media professionals [t(17) = -1.14, p = 0.269, paired t-test]. 
We found an effect of professionalization and scalp area in ERPs during the viewing of audiovisual cuts 
[F(2,306) = 4.822, p = 0.009]. Although we did not find statistical differences related to media 
professionalization in alpha band, we observed differences in functional connectivity (PLV) in all studied bands 
(theta, alpha, beta, low gamma) after the cut. We found a more dispersed GC index in non-media 
professionals, while media professionals’ GC connectivity was much more concise since it was mostly 
concentrated in visual cortex, somatomotor, and frontal areas. 
 
Cuts evoke an artificial interruption of the visual content in videos and movies. However, their impact varies 
depending on the media professionalization of viewers. Apparently, cuts start a similar activation of basic 
brain processing of the new visual information presented, but how that visual content is managed by the two 
groups differs afterwards. 
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Alzheimer’s disease (AD) is characterized by a cognitive decline associated with a selective vulnerability of 
basal forebrain cholinergic neurons (BFCN), under the modulation of the endocannabinoid (eCB) system. 
 
In this work, we assessed cognitive function using low anxiogenic Barnes Maze (BM) in the triple transgenic 
mice model of genetic AD (3xTg-AD), following a sub-chronic five-day treatment with 0.1 mg/kg (i.p.) of 
WIN55,212-2 (7-month old male mice, WIN-treated group, n=9). Their performances were compared with 
control mice for treatment (vehicle, n=8), and genotype (WT mice, n=6). Mice performed a five-day BM 
protocol with 4 daily trials for learning acquisition and spatial memory test on the fifth day. 
 
Both Vehicle and WIN-treated mice showed delayed learning compared to WT mice, as shown by their longer 
learning latencies throughout the first two days (Two-way Repeated Measures ANOVA; post-hoc test 
Bonferroni, p<0.01 for Vehicle vs. WT, and WIN-treated vs. WT). Vehicle and WIN-treated groups reduced 
their latency from day 1 to day 4 (Paired t-test; p<0.001 for Vehicle, day 4 vs. day 1; p<0.01 for WIN-treated, 
day 4 vs. day 1), but no differences in acquisition were observed between both 3xTg-AD groups. On the probe 
day for spatial memory, mice showed target quadrant preference regardless of treatment (Kruskal-Wallis test; 
post-hoc test Dunn’s, p<0.001 for Vehicle, and p<0.05 for WIN-treated). 
 
3xTg-AD mice showed spatial memory impairment in more anxiogenic tests, such as Morris water maze, but 
we did not observe that in BM. Moreover, previous results from our group showed high levels of anxiety in 
3xTg-AD mice, measured as an increase in acquisition latency to an aversive stimulus, which were ameliorated 
following this same cannabinoid treatment. Anxiety, rather than cognitive impairment, might explain these 
distinct behaviors. To avoid anxiety-related bias in the evaluation of cognitive dysfunction in 3xTg-AD mice, 
low anxiety behavioral tests are recommended. 
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Myrciaria dubia "camu camu" is an amazonian plant that is known to have high levels of antioxidants. The 
objective of this work was to determine if pretreatment with “camu camu” ethanolic extract reduces 
neurodegeneration and neuroinflammation caused by 6-hydroxydopamine (6-OHDA) in the nigrostriatal 
pathway. To prepare the extract, “camu camu” fruit flour was macerated in 70% ethanol for 24 hours, 
followed by drying the supernatant in a double boiler at 37 °C. The dry extract was dissolved in saline solution 
(NaCl 0.9%) to be administered to Sprague Dawley rats. This dissolved extract was administered orally (daily 
doses of 100 mg / Kg (ESC100 group) (n = 6) and 300 mg / Kg (ESC300 group) (n = 7)) for 15 days prior to 
bilateral intracranial injection in the striatum of 6-OHDA. In addition, there were two control groups not 
treated with the extract: the sham group (rats injected with vehicle solution) (n = 9) and the park group (rats 
injected with 6-OHDA) (n = 7). 21 days after the injection, the analysis of the hike pattern showed statistically 
significant differences between the ESC300 group and the park group in three variables. Through the 
histological immunofluorescence trials, it was found that the ESC300 group has a greater number of 
dopaminergic neurons in the black substance and greater axonal irrigation in the striatum, compared to the 
park group. Additionally, through immunohistochemistry, less neuroinflammation was found in the striatum 
of this latter group. This work concludes that pretreatment with ethanolic extract of “camu camu” at a dose 
of 300 mg / Kg protects neurons from the nigrostriatal pathway of 6-OHDA and reduces neuroinflammation 
in Sprague Dawley rats, as a consequence improves motor coordination. This project was supported by 
FONDECYT, Government of Peru, Contract number 109-2018-FONDECYT-BM-IADT-MU.
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Early life stress increases the risk of anomalous development of several brain areas and it could lead to diverse 
cognitive impairments related to learning, mnesic and executive functions, such as working memory (WM). 
Maternal separation is an established animal model of early life stress that produces changes in brain 
development. The aim of this study was to evaluate the effect of maternal separation on the WM function 
and on the metabolic activity of adult Wistar rats. We employed 24 rats divided into a control group (AFR, 
n=12) and an experimental group (MS, n=12) subjected to maternal separation for 4h a day for 21 consecutive 
days. In adulthood, we tested spatial WM of both groups using the Morris water maze, and brain metabolic 
activity was determined using the histochemical technique of cytochrome c oxidase (CCO). Results showed 
that MS subjects acquired the WM task with a significant delay. MS subjects increased their WM-related CCO 
activity in the cingulate cortex, anterior thalamus and supra mammillary areas along with a decrease in the 
medial-medial mammillary nucleus. These findings could contribute to the long term effects of early stress on 
executive functions but further studies should be necessary to explore other behavioural and brain alterations 
after a period of maternal separation.   
 
Keywords: early stress, maternal separation, working memory, cytochrome c oxidase, brain development. 
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Major depressive disorder (MDD) is a severe and debilitating mental illness with a very large socioeconomic 
impact worldwide (1). The neurobiology of this disease has been studied for a long time, focused on neuronal 
alterations; however, the underlying etiology is not yet fully understood. Astrocytes, a glial cell type, have 
been shown to play relevant roles in synaptic transmission and plasticity, with significant impact on behavioral 
responses (2). Evidence collected during the past two decades have shown that astrocytes might contribute 
to the pathophysiology and pathogenesis of MDD (3). Therefore, we aim to investigate the role of astrocyte-
neuron signaling in this mental disease. 
Here, we used a corticosterone treatment approach as depressive-like mouse model to evaluate the role of 
astrocyte-neuron signaling in medial prefrontal cortex (mPFC) from naïve and MDD mice. Ca2+ imaging 
techniques in vivo and ex vivo, and behavioral test have been performed.  
Results: 1- In vivo spontaneous and behaviorally-related astrocyte calcium signaling was altered in MDD mice. 
2- Serotonin-evoked astrocyte calcium dynamics were reduced in mPFC slices from MDD mice. 
3- Selective chemogenetic activation of astrocytes by Gq-DREADDs in mPFC was able to restore the behavioral 
deficits of MDD mice. 
 
Although additional experiments are required, these results reveal the potential impact of astrocyte signaling 
in the pathophysiology of MDD. 
 
(1) Artigas F, Bortolozzi A. Therapeutic Potential of Conjugated siRNAs for the Treatment of Major 
Depressive Disorder. Neuropsychopharmacology. 2017;42(1):371. doi:10.1038/npp.2016.182. 
(2) Mederos S, Gónzalez-Arias C, Perea G. Astrocyte-Neuron Networks: A Multilane Highway of Signaling 
for Homeostatic Brain Function. Frontiers in Synaptic Neuroscience. 2018; 10:45. doi: 
10.3389/fnsyn.2018.00045.  
(3) Cao X, et al. Astrocyte-derived ATP modulates depressive-like behaviors. Nat Med. 2013 
Jun;19(6):773-7. doi: 10.1038/nm.3162. 
 
*PhD Program in Neuroscience, Autonoma de Madrid University, Madrid, Spain 28029.  
Funding: MINECO PID2019-106579RB-I00 to G.P; BES-2017-080303 to C.G-A. 
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The hippocampus and related structures play an important role in learning behavioral responses that are best 
suited for particular situations. Understanding how these structures map the environment through allocentric 
and egocentric representations is crucial for understanding cognition, but the processes that allow the use of 
these representations to generate goal directed behaviors are equally important and have received much less 
attention. Testing for the mechanisms underlying how mice learn under different contingencies requires 
maze-based tasks while recording neural activity, as well as interventional tools such as optogenetics. We 
used an Arduino-based automatized pizza-shaped maze (P-maze) that allows clamping spatial and temporal 
components of different tasks while changing reward contingencies in order to force learning of different 
navigational strategies. The maze consists on a plus sign and a circular track platform with four potential 
reward chambers equipped with water ports. Multiple linear trajectories can be implemented to force 
navigation based on different set of rules. We ran a variety of reference and working memory tasks requiring 
egocentric and allocentric learning strategies. Our results show how some strategies are more demanding 
than others and illustrate the potential mechanisms underlying adaptive behavior.
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Recent evidence suggests that the brain substrate of executive function changes with experience, with the 
prefrontal cortex (PFc) assuming the control in the initial phases and more posterior areas taking over with 
training. To assess this experience-dependent involvement of the PFc on working memory and decision-
making, we designed a complex behavioral task in which performance depends on the participants’ ability to 
learn abstract rules and apply them to compare the visual properties of two stimuli. The task began with the 
simultaneous presentation of two visual stimuli (static gratins) that varied in two dimensions (frequency and 
orientation). After a short delay, the participant was presented with a cue that indicated what stimulus and 
dimension were relevant. After a second delay, one stimulus was presented in the center of the screen and 
the participant had to indicate, with an eye movement, whether this last stimulus was the same as the 
relevant stimulus regarding the relevant dimension. The participants (n=16) were tested in two sessions; half 
received transcranial magnetic stimulation (TMS) over the left dorsolateral prefrontal cortex (2 pulses at 7 Hz 
immediately after the cue, 100% resting motor threshold) during the first session and over the vertex (same 
stimulation protocol) in the second session, and the other half received the TMS in the inverse order. Our 
results show that the order in which the TMS was applied had significant effects on performance. When the 
participant received the TMS over the PFc in the first session, its performance was significantly worse than 
when the stimulation was applied in the second session. We did not find significant differences between 
stimulating the vertex in the first or second sessions. This suggests that the PFc is required to learn the rules 
of the task but, once this knowledge is acquired, this area plays a minor role in performance. 
 
This work was supported by the Ministerio de Economía, Industria y Competitividad, BFU2017-82296-P. 
XUGA: Grupos de Referencia Competitiva (ED431C 2018/24)
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Non-alcoholic steatohepatitis (NASH) is one of the most prevalent diseases globally. A high-fat, high-
cholesterol (HFHC) diet leads to an early NASH model. It has been suggested that gut microbiota mediates 
the effects of diet through the microbiota–gut–brain axis, modifying the host’s brain metabolism and 
disrupting cognition. Here, we target NASH-induced cognitive damage by testing the impact of environmental 
enrichment (EE) and the administration of either Lacticaseibacillus rhamnosus GG (LGG) or Akkermansia 
muciniphila CIP107961 (AKK). EE and AKK, but not LGG, reverse the HFHC-induced cognitive dysfunction, 
including impaired spatial working memory and novel object recognition; however, whereas AKK restores 
brain metabolism, EE results in an overall decrease. Moreover, AKK and LGG did not induce major 
rearrangements in the intestinal microbiota, with only slight changes in bacterial composition and diversity, 
whereas EE led to an increase in Firmicutes and Verrucomicrobia members. Our findings illustrate the 
interplay between gut microbiota, the host’s brain energy metabolism, and cognition. In addition, the findings 
suggest intervention strategies, such as the administration of AKK, for the management of the cognitive 
dysfunction related to NASH.
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The balance between glutamate and GABA is essential for proper brain development and functioning. An 
imbalance between these two neurotransmitters is hypothesized to be associated with Autism spectrum 
disorder (ASD) symptoms. Moreover, a massive use of pesticides, in particular chlorpyrifos (CPF), has been 
shown to cause adverse effects, especially when the exposure takes place during development. In fact, recent 
literature has associated its exposure to neurodevelopment disorders including ASD. In this study, we aimed 
to assess social autistic-like behaviors and identify the association between the disorder and the time at CPF 
exposure in both sexes. For these reasons we assessed two developmental periods: i. Prenatal exposure 
experiment, where C57BL/6 pregnant mice were exposed to low doses of CPF through the diet, between 
gestational day (GD) 12 and 18. In this experiment, a positive control for autism (C57BL/6 mice exposed to 
valproic acid (VPA) on GD 12 and 13) was included; ii. Postnatal exposure experiment, where mice were 
exposed to the vehicle (corn oil) or low doses of CPF by oral gavage (from postnatal day (PND) 10 to 15). In 
both experiments, social behavior was evaluated during the adolescence by means of The Crawley three-
chamber test. Then, at 45 days of age mice were sacrificed and brain samples collected to study gene 
expressions (related to glutamate and GABA signaling) in hippocampus samples. Results showed a preference 
for the social stimulus in all groups, while social recognition was altered in all treated mice, especially in males. 
Our findings suggest that males are more prone to CPF exposure, providing a plausible explanation for the 
sex bias in autism. 
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It is well known that isolation affects many different behaviors, such as sleep or aggressiveness. However, this 
raises the question of whether or not there is a "social memory": a memory specifically generated when 
individuals of the same species interact within a group. Interestingly, social behavior of Drosophila 
melanogaster has been demonstrated in recent years. In fact, the mushroom body (MB, functionally 
analogous to mammalian hippocampus) plays a role in such behavior, pointing towards the existence of a 
memory component.  
We show that co-habitation increases the number of activated Kenyon Cells in the mushroom body (MB) 
when compared to isolated animals. This increase is also reflected in a differential behavior when a single fly 
is placed in a plate, which depends on its previous experience with other individuals. Both phenotypes rely 
on the MB and on cAMP levels, as expected if long-term memory formation does play a role. Surprisingly, 
memory-mutant animals behave closer to housed flies than to isolated ones, suggesting that the basal state 
of Drosophila is to be social.  
In order to identify social memory-related genes we performed Targeted DamID in the MB comparing 
grouped, isolated and lack-of-memory mutant isolated animals. We show here how the epigenetic and 
transcriptional landscape of the MB changes in single flies, suggesting the existence of a loneliness-generated 
memory that affects to the final behavioral output. In summary, our work may shed light on a possible 
evolutionary-conserved genetic and epigenetic basis of social behavior. 
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Place cells in the mammalian hippocampus show tuning to location. During rest and sleep, when immobile, 
the hippocampus replays place cell sequences which represent recent trajectories taken through the 
environment. Such replay is enabled by attractor dynamics in the CA3 area of the hippocampus, where bursts 
of excitation push the network towards recently active states characterized by newly strengthened synapses 
between excitable place cells. Hippocampal replay is believed to play an important role in memory 
consolidation, generalizing across episodes, and more. 
 
On constrained, linear paths, place cells also exhibit directional tuning, which means that trajectories in 
different directions are encoded by different activity patterns. Replayed trajectories can therefore be 
decoded to one direction only, or both directions; however, models and analysis of replay typically consider 
just one direction at a time. 
 
To address this, we re-analyzed previously published single-unit recordings from CA1 in five rats during 
exploration of novel linear tracks. Place cells quickly developed directionally modulated tuning, forming two 
correlated place maps corresponding to runs in opposite directions. During brief rest periods between runs, 
we could detect offline reactivation of the place maps, whose Bayesian decoding often revealed a clear 
trajectory along the track. Joint replay, reflecting replayed patterns which are decodable to both place maps 
at once, appeared more than could be predicted by chance, suggesting that they form mixed attractors in the 
hippocampal network. 
 
To test whether mixed attractors can explain the prevalence of joint replay, we extended a previous 
computational model of CA3 to produce spontaneous replay of correlated place maps. We found that only a 
small overlap between place maps is sufficient to produce attractor dynamics that reflect coherent replay in 
both place maps at once. This has implications for how hippocampal replay enables generalization between 
distinct episodes for flexible navigation.
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The activity of every neural circuit is limited by anatomical and functional constrains, which will restrict its 
repertoire of activity patterns. Therefore, the knowledge obtained from the study of the brain spontaneous 
activity is a valuable resource to understand how those circuits operate during behaviour.  
 We present a computational model of cortical and striatal populations under the Slow Wave Oscillation 
(SWO) regime. This spontaneous brain state is characterized by periods of high spontaneous activity (Up 
states) intermingled with silent periods (Down states) at the frequency of ~ 1 Hz. It originates in the cortex 
and from there propagates to the striatum, among other brain regions. While traditional SWO models are 
focused on single and isolated cortical areas. our study aims to provide a theoretical understating of the 
contribution of local and long range connections to the properties of the SWO in multiple connected neuronal 
populations. This includes the study of the neuronal and circuit substrates behind the different Up state 
attributes across cortical regions and the rostrocaudal preferential directionality of the SWO propagation. 
With this, we will provide an explanation to the differences in the SWO recorded in slices or brain slabs 
compared to the intact brain. In addition, we will use it to investigate the neural mechanisms that differentiate 
the dorsolateral and dorsomedial striatal regions, which were demonstrated to be two different functional 
circuits, based on their activity (Alegre-Cortés et al. Elife, 2021) 
In conclusion, we have designed a model of SWO propagation along cortical and striatal populations. With 
this tool, we studied the neuronal and circuit substrates of the propagation of this wave along these networks, 
unifying the previous knowledge based on in vivo and ex vivo recordings. Together with this, we will predict 
and ultimately test the key components that differentiate dorsal striatal circuits. 



 

PS1-53 
GENE EXPRESSION PATTERN OF HNS1 HUMAN NEURAL STEM CELLS IN 
DIFFERENTIATION TO APPLICATIONS IN NEUROSCIENCE 
Ms. Rosa González1, Ms. Raquel Coronel2, Ms. Andreea Rosca2, Ms. Patricia Mateos2, Dr. Isabel Liste2, Dr. 
Victoria López1 

1Unidad de Biología Computacional, Unidad Funcional de Investigación de Enfermedades Crónicas (UFIEC), Instituto De 
Salud Carlos III, Madrid, Spain, 2Unidad de Regeneración Neural, Unidad Funcional de Investigación de Enfermedades 
Crónicas (UFIEC), Madrid, Spain 
 

hNS1 are multipotent Neural Stem cells (NSC) which differentiate to neurons and glial cells. Several molecular 
mechanisms and signalling pathways involved in NSC differentiation have been previously reported, however 
due to their complexity are still not fully understood. The aim of this study was to identify and characterize 
key molecular mechanisms involved in proliferation and differentiation of hNS1 as an experimental model to 
research applications in neuroscience.  
To analyze gene expression alterations of hNS1 in differentiation versus proliferation we conducted RNA 
sequencing and in silico pathway analysis. We found 1900 genes up regulated in differentiation and 3341 
genes up regulated in proliferation. hNS1 in differentiation has increased the expression of genes in the 
signaling pathways of axón guidance, Wnt, Notch, Sonic hedgehog (Shh), and Neurotrophins. Gene Ontology 
and Gene set enrichment analysis (GSEA) report genes involved in axonogenesis and synaptogenesis. The 
number of genes associated to extracellular matrix (ECM) is also important in neural differentiation of hNS1. 
Systematic search for regulatory targets from ChEA and ENCODE ChIP-seq found a significant number of genes 
in differentiation of hNS1 associated with REST and EZH2. We also compare the transcriptomic data obtained 
in this study with data from neural databases.  
This poster discuss challenges and potential future directions using hNS1 as a model to approach in vitro 
research in neuroscience, for example enabling the research to elucidation of mechanisms of human 
neurodevelopmental processes. 
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Introduction. Hemeperoxidases have been proposed to play a pathogenic role in neurodegenerative diseases. 
Lactoperoxidase (LPO), an antimicrobial hemeperoxidase, has been reported by our group to be enhanced in 
the cerebrospinal fluid (CSF) in patients with Parkinson disease (PD). The objective was to look at the 
relationship of LPO in the CSF and serum with clinical features of idiopathic PD. Material and methods. LPO 
concentration was analyzed through ELISA techniques. Correlation of CSF or serum LPO and MDS-UPDRS, 
dopaminergic medication, and other clinical parameters and scales was examined. Results. The findings 
revealed that LPO concentration in the CSF, not serum, was found to be elevated in patients with PD relative 
to controls (p<0.001). CSF LPO concentration negatively correlated with MDS-UPDRS part-IV score (p<.0001), 
a rating scale that allows evaluating motor complications; and with the dose intensity of the dopaminergic 
medication regimen, as evaluated with levodopa equivalent dose or LED (mg/day; p<.0001). Conclusions. CSF 
LPO is found to be elevated in the CSF of PD patients, and CSF LPO holds promise as potential biomarker for 
diagnosis of PD. Increasing the dose intensity of dopaminergic medication regimen attenuates the elevation 
in LPO levels in the CSF. The pathophysiological mechanisms that seem to be responsible for LPO increase 
would include dopamine deficiency, oxidative stress, and less likely, microbial infection.  
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Background. Salivary α-synuclein (aSyn) and its nitrated form or 3-nitrotyrosine-α-synuclein (3-NT-αSyn) hold 
promise as biomarkers for idiopathic Parkinson’s disease (IPD).  The objectives are to study the levels and 
clinical correlations of native and nitrated αSyn in saliva and submandibulary glands in patients with IPD and 
controls. Material and methods. Salivary and serum αSyn, and 3-NT-αSyn level is evaluated with ELISA and 
immunoblots. Correlations of native αSyn and 3-NT-αSyn, and clinical features of the disease are examined. 
Submandibulary gland sections are analyzed. Results. A) Salivary concentration and saliva/serum ratios of 
native and nitrated αSyn are found to be similar in patients and controls; b) salivary αSyn and 3-NT-αSyn do 
not correlate with any clinical feature; c) three patterns of 3-NT-αSyn-positive inclusions are observed in 
histological sections: rounded “Lewy-type” aggregates of 10-25 µm in diameter, and coarse aggregates with 
varied morphology that are all located within the interlobular connective tissue of the gland, and spheroid 
bodies of 3-5 µm in diameter in the cytoplasm of duct cells. Lewy-type inclusions are only observed in IPD 
patients, and the remainder aggregates are observed in the patients and controls. Conclusions. The patients´ 
saliva presents similar concentration of native αSyn and nitrated αSyn than controls, and no clinical 
correlations with clinical features are found. These findings preclude the utility of native and nitrated αSyn as 
biomarkers. “Lewy-type” inclusions expressing 3-NT-αSyn are observed only in patients, a novel finding which 
suggests that biopsy of submandibulary glands, if proven safe, could be a useful technique for diagnosing IPD. 
Finally, to our knowledge, this is the first description of 3-NT-αSyn-immunoreactive spheroid bodies within 
the cytoplasm of duct cells. These bodies are present in the submandibulary gland sections from all subjects 
regardless their pathology, and they could be related to aging. 
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Alzheimer’s disease (AD) is a complex disorder caused by a combination of genetic and non-genetic factors, 
which are investigated by genome- (GWAS) and epigenome- (EWAS) wide association studies, respectively. 
Combining the strengths of both type of studies, we have recently identified a new genetic-epigenetic 
interaction on Peptidase M20 Domain Containing 1 (PM20D1) associated with AD. We showed that PM20D1 
expression depends on a haplotype-dependent chromatin loop between PM20D1 enhancer and promoter 
regions, that PM20D1 expression is increased by AD-like stressors, upregulated in AD mice and non-risk 
human haplotype carriers, and that its overexpression improves cognitive performance and reduces AD 
pathologies. 
 
However, the precise mechanism by which PM20D1 exerts its protective role in AD remains largely unknown. 
PM20D1 facilitates the condensation of fatty acids and amino acids generating a series of compounds named 
N-acyl amino acids (NAAs). NAAs are present in all tissues, including brain, notwithstanding, little is yet known 
about their function and regulation. To investigate their role in AD, we NAA treated AD primary cultures, 
worms and mouse models, and measured AD-related pathologies and cognitive performance, and to unveil 
the underlying mechanisms, we applied scRNA-seq approaches and cell-type specific manipulations. 
Following this approach, we demonstrated that NAAs are effective in multiple cell-types and AD models, 
improving cognitive performance and amyloid pathologies, and activating neuronal pro-survival and microglia 
amyloid-clearance mechanisms. 
 
Our approach and results not only supports the use of NAAs as a therapeutic approach for AD, but also 
broaden current experimental and therapeutic strategies, which is sorely needed to alleviate the burden of 
this devastating disease. 
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The retina is the specialized region of the central nervous system that transduces light into neural signals. It 
is endowed with an active metabolism and displays a particular vulnerability to genetic and environmental 
alterations causing mitochondrial dysfunction. Mitochondrial alterations make photoreceptors and retinal 
ganglion cells (RGCs) more susceptible to cell death.  
CERKL mutations cause Retinitis Pigmentosa in humans, a visual disorder characterized by photoreceptors 
and retinal neurons degeneration and progressive vision loss. Preliminary evidences indicate that CERKL is a 
sensor of photoreceptor stress by contributing to the formation of RNA stress granules. Both in human and 
mouse, CERKL produces a wide range of mRNA isoforms that translate into proteins displaying different 
domains. Depending on the domains of each protein isoform, CERKL subcellular localization and functional 
role may be different.  
Although CERKL function has been mostly related to the retina, we have detected CERKL expression in 
hippocampus, where its intracellular behaviour in control and stress conditions is similar to that in RGCs. 
Hence, we use hippocampal cells as an additional suitable tool to study mitochondrial dynamics through live 
imaging. 
Here we describe a pool of CERKL isoforms that localize at mitochondria in RGC and hippocampal cell primary 
cultures. Using Cerkl KD/KO mouse models, we studied the impact of CERKL downregulation on the 
mitochondrial network organization and dynamics. Our results show that the depletion of Cerkl causes 
alterations in mitochondrial size, distribution, and trafficking. In addition, we analysed the expression of 
proteins regulating mitochondrial dynamics (Mitofusin2, Opa1 and Drp1), and observed specific changes.  
Overall, our studies indicate that Cerkl is a neural gene involved in the regulation of mitochondrial dynamics, 
thus becoming a new player in the multiple pathways that control mitochondrial health in the mammalian 
retina. 
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Patients with liver cirrhosis may show minimal hepatic encephalopathy (MHE), with mild cognitive 
impairment, psychomotor slowing and motor incoordination, which reduce life quality and span. MHE onset 
is associated with a shift in peripheral inflammation that would promote infiltration of lymphocytes into the 
brain. Cerebellum of patients with steatohepatitis show T-lymphocytes infiltration and neuroinflammation 
suggesting that the changes triggering MHE may already occur at early stages of liver disease. Moreover, 
patients with steatohepatitis may show cognitive and motor impairment. The mechanisms leading to MHE 
and how to prevent or reverse it remain unclear. Rifaximin improves neurological function in MHE but the 
underlying mechanisms remain unclear. The aims of this work were to study the mechanisms triggering 
immune cells infiltration into the cerebellum, neuroinflammation and motor incoordination at early stages of 
liver disease in rats and advance in the understanding of the mechanisms of action of rifaximin by analyzing 
its effects on the above alterations. 
Mild liver damage was induced in rats by CCl₄ injection during 4 weeks. Rifaximin was administered daily orally 
starting at 2 weeks of CCl₄. Motor coordination was assessed in the Rotarod. Immune cells infiltration, 
chemokines, TNFα expression and neuroinflammation in cerebellum were analyzed by 
immunohistochemistry. The content of extracellular GABA and glutamate and membrane expression of their 
transporters were analyzed.  
TNFα, CCL20, CCL2 and CX3CL1 increased in cerebellum promoting T-lymphocytes and macrophages 
infiltration which induce neuroinflammation. Mild liver damage altered neurotransmission in cerebellum 
inducing motor incoordination. Rifaximin prevents immune cells infiltration and neuroinflammation and 
restores neurotransmission in cerebellum, improving motor incoordination.  
This report shows that the induction of motor incoordination occurs at early stages of liver damage, provides 
clues on the mechanisms of the beneficial effects of rifaximin and suggests that early treatment with rifaximin 
could improve cerebellar neuroinflammation and motor alterations in patients with steatohepatitis. 
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Acid Sphingomyelinase Deficiency (ASMD) is a fatal lysosomal storage disorder caused by mutations in the 
acid sphingomyelinase (ASM) gene leading to neurodegeneration. ASM loss of function in neurons increases 
total levels of sphingomyelin (SM) resulting in lysosomal alterations, oxidative stress and cell death. Lipidomic 
analysis have indicated that certain SM species, which differ in the fatty acid chain length and unsaturation 
degree, increase much more than others in brain extracts from mice lacking ASM (ASMko) that mimic ASMD. 
 
To test the pathological effects of different SM species we added them individually to cultured cortical 
neurons from wild type (WT) and ASMko mice. SM 16:0, which shows the highest relative increase in the 
ASMko mouse brain, is also the SM species accumulating the most in neuronal cultures leading to lysosomal 
permeabilization and exocytosis, oxidative stress and cell death. In contrast SM 24:1 had no deleterious 
effects. 
 
Gene expression analysis by qPCR in brain extracts of ASMko mice indicated the upregulation of Ceramide 
Synthase 5 (CerS5), which is involved in SM16:0 synthesis. We therefore proposed CerS5 inhibition as a 
suitable strategy to prevent SM16:0 associated toxicity. Infection of cultured ASMko neurons with adenovirus 
encoding shRNA-CerS5 reduced lysosomal alterations, oxidative stress and death. Moreover, intracerebellar 
injection of AAV9-shRNA-CerS5 improved motor abilities and Purkinje cell survival in the ASMko mice.  
  
These results demonstrate the different toxicity of SM species in neurons and unveil SM16:0 accumulation as 
a specific target to address brain pathology in ASMD. 
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Niemann Pick diseases types A (NPDA) and C (NPDC) lead to cognitive impairment, neurodegeneration and 
early death. NPDA and NPDC have different genetic origin being caused by mutations in the acid 
sphingomyelinase or the cholesterol transport protein NPC1, respectively. However, they share as 
pathological hallmark the accumulation in the endolysosomal compartment of lipids such as sphingomyelin 
and cholesterol. Recently, secretion of microvesicles/exosomes (ECV) has been described as a mechanism to 
eliminate toxic material from cells. Polyphenols, which are organic molecules present in fruits and vegetables, 
have been shown to stimulate ECV secretion preventing endolysosomal lipid accumulation in different cellular 
models. The objective of this work was to analyze the efficacy and safety of different polyphenols to stimulate 
ECV release and reduce lipid overload in NPD cells, both in vitro and in vivo. To this aim we have used mice 
deficient in the acid sphingomyelinase (ASMko) or mutant for NPC1 (NPC nmf164), which mimic NPDA and 
NPDC respectively.  We have found that, among the different polyphenols tested, urolithins, are the safest 
and most efficient in increasing ECV secretion, reducing sphingomyelin and cholesterol levels and lysosomal 
size in cultured bone marrow derived macrophages and neurons derived from ASMko and NPC nmf164 mice. 
Moreover, oral treatment with ellagic acid, the precursor of urolithins, reduced lipid levels, improved 
neuronal survival and diminished inflammation in the brain of the NPD mouse models. These results support 
the therapeutic value of ECV secretion and polyphenols opening treatment perspectives not only for NPD 
patients but also for other storage disorders in which intracellular lipid overload occurs.
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Niemann Pick Disease type C (NPC) is a lysosomal storage disorder with severe neurological implications. 
Although early-onset forms of the disease are associated with more severe visceral symptoms, patients most 
commonly develop a progressive neurological disorder resulting in ataxia, seizures, cognitive impairment and 
psychiatric alterations in later onset forms.  Mutations in the gene encoding NPC1, an endolysosomal protein 
that mediates intracellular cholesterol trafficking, lead to the accumulation of cholesterol and other lipids in 
the endolysosomal compartments and cause NPC. Preliminary evidence obtained in our laboratory has 
unveiled mood and synaptic anomalies in NPC1nmf164 mice, which bear mutant NPC1 and mimic NPC. Here 
we propose that these anomalies can be partly explained by alterations in the metabotropic glutamate 
receptor 5 (mGluR5). mGluR5 is a G-protein coupled receptor involved in the fine tuning of synaptic activity, 
mediating synaptic plasticity events such as Long Term Depression (LTD). Alterations of this receptor have 
been associated with different psychiatric conditions. 
Western blot, immunofluorescence and electron microscopy analysis in the brain of NPC1nmf164 mice 
showed an increment of intracellular mGluR5 levels in neurons. This increment can be reproduced in cultured 
neurons from wild type mice by blocking cholesterol trafficking and rescued in NPC neurons by cholesterol 
extraction with (2-Hydroxypropyl)-β-cyclodextrin. Electrophysiological analysis showed increased mGluR-LTD 
in NPC1nmf164 mice, which is accompanied by enhanced downstream signaling pathway. These anomalies 
can be ameliorated by pharmacological inhibition of mGluR5 through oral treatment with its allosteric 
modulator CTEP. This drug also prevents psychiatric alterations in the NPC1nmf164 mice. Our results hence 
involve mGluR5 alterations in the synaptic plasticity and mood anomalies typical of NPC and provide a new 
therapeutic strategy that might help patients suffering from this fatal disease. 
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Neuregulin 1 (NRG1) and its receptor ERBB4 are schizophrenia (SZ) risk genes that control the development 
of both excitatory and inhibitory cortical circuits. Most studies focused on the characterization ErbB4 deficient 
mice. However, ErbB4 deletion concurrently perturbs the signaling of Nrg1 and Neuregulin 3 (Nrg3), another 
ligand expressed in the cortex. In addition, NRG1 polymorphisms linked to SZ locate mainly in non-coding 
regions and they may partially reduce Nrg1 expression.  
Here, to study the relevance of Nrg1 partial loss-of-function in cortical circuits we characterized a recently 
developed haploinsufficient mouse model of Nrg1 (Nrg1tm1Lex). These mice display SZ-like behavioral 
deficits. The cellular and molecular underpinnings of the behavioral deficits in Nrg1tm1Lex mice remain to be 
established. 
With multiple approaches including Magnetic Resonance Spectroscopy (MRS), electrophysiology, quantitative 
imaging and molecular analysis we found that Nrg1 haploinsufficiency impairs the inhibitory cortical circuits. 
We observed changes in the expression of molecules involved in GABAergic neurotransmission, decreased 
density of Vglut1 excitatory buttons onto Parvalbumin interneurons and decreased frequency of spontaneous 
inhibitory postsynaptic currents. Moreover, we found a decreased number of Parvalbumin positive 
interneurons in the cortex and altered expression of Calretinin. Interestingly, we failed to detect other 
alterations in excitatory neurons that were previously reported in ErbbB4 null mice suggesting that the Nrg1 
haploinsufficiency does not entirely phenocopies ErbB4 deletions.  
Altogether, this study suggests that Nrg1 haploinsufficiency primarily affects the cortical inhibitory circuits in 
the cortex and provides new insights into the structural and molecular synaptic impairment caused by NRG1 
hypofunction in a preclinical model of SZ. 
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Alzheimer´s disease (AD) is a complex neurodegenerative disease characterized by progressive destruction of 
mainly brain cortical areas related to cognitive and memory performances. Most identified forms of AD are 
idiopathic and the precise pathogenic mechanisms remain yet unknown.  
Aluminum is considered a neurotoxic metal for humans. Some previous studies have revealed the 
accumulation of aluminum in the cerebral parenchyma of postmortem brains of patients suffering AD. In this 
study, we show that aluminum is present in significant amounts in the cerebrospinal fluid (CSF) of control 
healthy individuals and that its concentration increases in individuals with AD. Aluminum in CSF is also 
elevated in patients with mild cognitive impairment (MCI), considered to be a prodromal stage of AD. 
Aluminum contents correlate with classical biomarkers of AD (particularly with phosphorylated tau and 
amyloid β) following complex association patterns which vary depending on the stage of the AD spectrum, 
and dismiss a direct relationship. Associated with increased aluminum in AD patients, indicators of oxidative 
stress, namely Iso-PG2 and MDA, are also increased in the CSF of AD and MCI individuals, which also correlate 
with aluminum concentration. We hypothesize that aluminum content in CSF is a significant factor which, in 
synergy with other variables, may favors the initiation and progression of AD. 
Acknowledgements: Grants SAF2017-84454-R (MINECO) and ProID2020010075 (Agencia Canaria de 
Investigación, Innovación y Sociedad de la Información)
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Amyotrophic Lateral Sclerosis (ALS) is a lethal neurodegenerative disease characterised primarily by the 
progressive loss of motor neurons in the spinal cord and cerebral cortex. There are alterations in the 
regulation of lipid metabolism in ALS but the origin of those remains unknown. Mutations in FUS (Fused in 
sarcoma) are causative of ALS and forms of cognitive impairment and dementia. The FUSDelta14 mutation 
causes aggressive juvenile cases of ALS. The mouse model of physiological expression of mutant FUSDelta14 
in heterozygosity causes very mild and late onset motor neuron degeneration with no other major 
phenotypes. The homozygous mice die at birth. We aim to generate homozygous mice and evaluate the effect 
of the mutation in the regulation of lipid metabolism and its impact in motor and cognitive phenotypes.  
 
We generated FUSDelta14 homozygous mice in a defined F1 hybrid background of C57Bl/6JxDBA/2J. We use 
both males and females for this study and conduct a comprehensive set of metabolic, motor and cognitive 
tests at early age. We also performed RNA-sequencing of frontal brain, spinal cord, white and brown fat, 
muscle and liver from wild type and homozygous FUSDelta14 mice. 
 
Homozygous FUSDelta14 mice are smaller than the heterozygous and wildtype littermates. These mice show 
systemic metabolic dysregulation with altered glucose tolerance, increased fat depots, higher blood 
cholesterol levels and lower resting energy expenditure. Their brains are also thinner and have reduced 
marble burying capacity and indifference in the recognition of noble objects. Homozygous mice develop mild 
motor alterations evidenced by altered electromyogram. A systemic transcriptomic analysis of several tissues 
confirmed the lipid metabolic alterations phenotype observed. 
 
We show that FUSDelta14 mutation causes early central lipid metabolic alterations that affect cognitive and 
motor phenotypes, placing lipid metabolism dysregulation as one of the main pathological mechanisms in the 
ALS-FTD spectrum of disorders. 
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Compelling evidence demonstrates that neurons upregulate the expression of cell-cycle markers when 
subjected to stress. This is the case in Alzheimer’s disease (AD), in which cell-cycle reentry, followed by DNA 
duplication (neuronal tetraploidization), precedes and recapitulates its neuropathological hallmarks, 
suggesting that this process participates in the etiology of AD. E2F4, a transcription factor involved in 
maintenance of quiescence, becomes phosphorylated in APP/PS1 mice and in Alzheimer's patients. We have 
demonstrated that the phosphorylation of two conserved Thr residues of E2F4 is necessary to induce 
neuronal tetraploidization and cognitive loss in AD. Therefore, it was developed a novel therapy consisting in 
neuronal expression of a dominant negative form of E2F4 (E2F4DN), not phosphorylatable. This therapy has 
been patented (US9567384B2, EP2783696B1, JP6100276B2), and is licensed by Tetraneuron, a Spanish spin-
off biotech company. 
Initial stages of AD are proposed to be linked to alterations in synapse function, responsible for cognitive 
deficits associated to the disease. Thus, we hypothesized that viral expression of E2F4DN could correct this 
synaptic dysfunction. First of all, basal membrane properties and spontaneous synaptic activity (sEPSC) was 
analyzed through whole-cell recordings in hippocampal primary cultures transduced with a viral vector 
containing E2F4DN. We demonstrated that it does not alter basal properties of hippocampal neurons. 
Afterwards we expressed E2F4DN through intravenous administration of AAV-E2F4DN in six-weeks old 
control and homozygous 5xFAD mice. Synaptic function was measured by electrophysiological recordings of 
field excitatory postsynaptic potential (fEPSPs) in hippocampal CA3-CA1 synapses. We found that E2F4DN 
reverts LTP inhibition. Furthermore, this LTP recovery leads to cognitive improvement. 5xFAD mice treated 
with our therapy present a notably improvement in two hippocampal-dependent memory tasks (novel-object 
location and contextual fear conditioning). Thus, we report here that E2F4DN-based gene therapy represents 
a promising approach for AD treatment with capacity to prevent cognitive decline associated to the disease. 
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The matricellular protein hevin is highly expressed in adults, in both neurons and astrocytes, and enhances 
functional synapses formation. In a previous study, we showed a higher expression of hevin in postmortem 
human brain of alcoholic subjects compared to controls, which raised the question whether this alteration 
was the result of acute and/or chronic alcohol exposure or it was a consequence of alcohol withdrawal. 
Therefore, our aim was to determine the possible alterations in hevin expression due to acute or chronic 
alcohol intraperitoneal administration and alcohol relapse in C57BL/6J mice. We performed four different 
treatments: 12 days of chronic treatment with saline or ethanol (1.75 g ethanol/kg) followed by 3 days of 
withdrawal, and finished with a challenge dose of saline or ethanol. Groups: 1) saline – saline, 2) saline – 
ethanol, 3) ethanol-saline and 4) ethanol-ethanol. We used western blot technique to measure the expression 
levels of hevin in bilateral punches of five brain areas: frontal cortex (FC), amygdala (AMY), hippocampus 
(HIP), dorsal striatum (CPu) and nucleus accumbens (NAcc). In AMY, acute treatment showed decrease in the 
hevin´s expression in comparison to saline treatment. Interestingly, chronic ethanol treatment followed by a 
single dose challenge after withdrawal increased hevin expression levels in NAcc, compared to both saline 
treatment and acute ethanol treatment. At the same time, in NAcc lower levels of hevin expression were 
detected after ethanol withdrawal in comparison to the challenge after chronic administration of ethanol. 
We did not detect significant differences in hevin expression in FC, HIP or CPu. Thus, these results together 
with the alterations observed in humans suggest that alcohol intake could alter hevin´s expression, suggesting 
a role for hevin in the neurobiology of alcoholism. 
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Amyotrophic lateral sclerosis (ALS) is a multifactorial and multistep fatal degenerative disorder. There are 
several pathological mechanisms leading to motor neuron death, although there are many unknowns in the 
disease aetiology of ALS. Alterations in lipid metabolism are well documented in the progression of ALS. Both 
patients and animal models have significant metabolic dysregulation such as hypermetabolism, dyslipidemia 
and progressive weight loss. In the spinal cord of mouse models and ALS patients there are alterations of lipid 
metabolites, including oxysterols, ceramides and sphingolipids. The origin of these lipid metabolic alterations 
remains unclear. We aim to identify early lipid metabolic pathways altered before disease symptoms in the 
spinal cord of mouse model of ALS. We performed a transcriptomic analysis of the spinal cord of SOD1-G93A 
and wild type littermate mice at pre-symptomatic disease stage and identified several altered genes involved 
in the regulation of lipid metabolism. We expanded our study conducting a transcriptomic meta-analysis 
combining RNA-seq studies from the spinal cord of SOD1 mice at different stages of disease: three pre-
symptomatic at 90 days, and three symptomatic at 120-150 days. The meta-analysis identified several lipid 
metabolic pathways dysregulated from pre-symptomatic that were progressively worsening at symptomatic 
disease stage. The cholesterol biosynthesis and transport, ceramide catabolism, and eicosanoid synthesis 
were the main lipid metabolic pathways altered from early stages. Here, we present an insight into the 
pathological mechanisms in ALS, supporting that lipid metabolic alterations are central to ALS aetiology, which 
opens new options for the treatment of these devastating conditions.
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Microglial cells are self-renewing macrophages of the brain with a highly regulated system of turnover (1) and 
are the first line of defence in the CNS. In the onset of Alzheimer’s disease, microglial cells become activated 
and proliferate (2) and we recently identified that the prolonged engagement of microglia in proliferation 
induces replicative senescence, accelerating the disease (3). We now hypothesise that early life insults could 
promote an accelerated proliferation of microglial cells, pre-conditioning them to become senescent. 
Senescent microglia may show a phenotypic change characterised by cell cycle arrest and primed 
inflammatory response, which later in life could have a negative impact on the onset of AD. We investigated 
the effect of repeated sub-threshold inflammatory challenges in early life, similar to those seen in the human 
life course such as bacterial infection. We model this by injecting low-doses of LPS to young mice and then 
studying the effect that has on the severity of AD-like pathology later in life, using an inducible APP model 
(line 102) (4).  Our results indicate that sub-threshold inflammation promotes the proliferation of microglial 
cells driven by the CSF1R pathway, which might be pre-conditioning them to become senescent. The outcome 
of this research could support future preventative approaches to delay the onset of clinical symptoms. 
 
(1) Askew, K., et al. (2017) Coupled Proliferation and Apoptosis Maintain the Rapid Turnover of Microglia in 
the Adult Brain. Cell Reports.  
(2) Olmos-Alonso, A., et al. (2016) Pharmacological targeting of CSF1R inhibits microglial proliferation and 
prevents the progression of Alzheimer’s-like pathology. Brain.  
(3) Hu Y., et al. (2021) Replicative senescence dictates the emergence of disease-associated microglia and 
contributes to Aβ pathology. Cell Reports. In press. 
(4) Sri S., et al. (2019) Emergence of synaptic and cognitive impairment in a mature-onset APP mouse model 
of Alzheimer's disease. Acta Neuropathological Communications. 
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The striatum is composed of projection neurons, the medium spiny neurons (MSN), and of a small population 
of interneurons which modulate and control the striatal output. Most interneurons are GABAergic; they are 
divided into several subtypes based on their immunostaining for various proteins such as parvalbumin (PV), 
calretinin (CR), neuropeptide Y, somatostatin, nicotinamide adenine dinucleotide phosphate-diaphorase 
(NADPH) and tyrosine hydroxylase (TH). There is an additional non-GABAergic interneuron subtype, the 
cholinergic interneurons which expressed choline acetyltransferase (ChAT). Most information on the striatal 
neuronal populations has been gathered in rodents (3-5%), whereas the evidence in the primate striatum is 
scarce and fragmented (6-26%). Thus, up to date there is no accurate stereological data on the absolute 
number of each neuronal subtypes in primates. This raises a question: is this figure accurate for the primate 
brain? 
 
Performing histological staining for each molecular marker, we provide the morphological description and the 
distribution pattern in the control non-human primate for each striatal neuronal population caudate, 
putamen and ventral striatum. We also have used unbiased stereological methods on consecutive sections 
where densities of projection neurons and subpopulations of interneurons were calculated to obtain a 
general landscape of the proportion of striatal neurons and interneurons. 
 
We report a gradient of striatal neuronal subtypes, being the most abundant the MSN projection neurons, 
followed by CR+, PV+, NADPH+ and ChAT+ and TH+ interneurons. We have estimated the percentage of 
interneurons in the whole macaque striatum as a 14%, resembling the relative proportion of striatal 
interneurons in humans reported previously and significantly higher than in the rodent striatum. The 
presented data is important for the understanding of striatal circuits and reinforce the importance of 
considering the relative presence of the different neuronal populations to draw functional conclusions. 
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Emotional impairments such as anhedonia are common non-motor symptom in Parkinson's disease (PD).  
Amygdala involvement by α-synuclein (Braak stage 3) could constitute neural substrates underlaying this 
emotional deterioration. 
 
Differential α-synucleinopathy among amygdaloid nuclei has been described. MRI and VBM studies have 
revealed volumetric changes in the amygdala with conflicting results. To our knowledge, only one 
stereological study has studied the neuronal population in the amygdala, indicating neurodegeneration in the 
cortical and basolateral nucleus. However, glial populations have been neglected. Likewise, proteomic 
analysis focused on the amygdala in PD are lacking. This work, therefore, aims at analyzing volumetric and 
glial changes as well as to reveal the profile of proteomic changes of the amygdala in PD. 
 
Brains from PD (Braak 5-6) and non-PD age-matched subjects were obtained from Spanish Biobank network. 
All procedures were approved by the Ethical Committee for Clinical Research at the University Hospital of 
Ciudad Real (SAF2016-75768-R and PID2019-108659RB-I00). Volume changes were estimated by Cavalieri’s 
method. Optical Fractionator method was used to analyze microglia (Iba-1) and astroglia (GFAP). SWATH-MS 
and MALDI on tissue approaches were used for the proteomic study. 
  
Results reveal differential glial involvement among amygdaloid nuclei as well as identify important proteomic 
alterations that could constitute potential biomarkers. 
 
This work is sponsored by the UCLM/ERDF (2020-GRIN-29145 to NPND), the Spanish Ministries of Economy 
and Competitiveness/ERDF (SAF2016-75768-R) and Science and Innovation (PID2019-108659RB-I00 to AMM) 
and the Autonomous Government of Castilla-La Mancha/ERDF (SBPLY/17/180501/000430 to AMM and DSS). 
SVC and MGR held a predoctoral fellowship granted by UCLM/ESF and VAL held an assistant professorship 
granted by UCLM/ERDF. Authors thank Dr. Pilar Alberdi (technical specialist UCLM/ERDF supported) her 
proteomic expertise.
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There are many hypotheses about the neuropathological origin of Alzheimer’s disease (AD). The amyloid 
cascade hypothesis remains the most widely accepted by the scientific community, although the role of beta-
amyloid as the sole cause of neuropathological hallmarks of the non-inherited form of AD (accounts for 95% 
of all cases) is questionable. The 5xFAD mice are commonly used as AD animal models that co-overexpress 
human APP and PSEN1 transgenes with a total of five AD-linked mutations, thus accelerating amyloid plaques 
formation. Many reports have described that 5xFAD mice presented cognitive alteration. However, no 
attention is paid to the effect of genetic load, heterozygous versus homozygous condition, on the histology, 
physiology, and gut microbiota composition. Hence, in this study, heterozygous and homozygous 5xFAD mice 
were used to test whether additional factors beyond hippocampal amyloid burden contributes to cognition 
impairment at 11 months old. Our results suggest that accumulation of Aβ1-40 and Aβ1-42 is present in both 
heterozygous and homozygous hippocampus of 5xFAD mice. However, only homozygous mice had cognitive 
impairment flexibility in the Morris water maze and impairment of working spatial memory in the Y-maze 
test. This strikes differences between behavioral and immunopathological phenotypes extend to microbiota, 
where the bacterial population is different in the three studied genotypes. In homozygous 5xFAD mice, a 
lower bacterial diversity is observed compared to the wild-type and heterozygous 5xFAD genotypes, 
decreasing the abundance of bacteria of the Firmicutes phylum and increasing bacteria of the Bacteroidetes 
phylum. Therefore, we suggest that the accumulation of beta-amyloid may not be the only cause of the 
worsening of cognitive impairment, but additional factors including the microbiota-brain axis might be 
altering the function of the immune system, favouring inflammation, and nervous system through bacterial 
product influencing the development of AD. 
Keywords: 5xFAD, hippocampus, cognition impairment, neuroinflammation, microbiota 
Acknowledgments: EULAC-HEALTH FATZHEIMER
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Alzheimer’s disease (AD) is a neurodegenerative disorder in which altered immune response is an important 
etiological factor. The transcription factor E2F4 participates in tissue homeostasis and regulates gene 
networks affected in AD, thus constituting a potential target for intervention. We have studied whether 
neuronal expression of a dominant negative form of E2F4 (E2F4DN), unable to become phosphorylated in a 
Thr motif that controls its activity, can modulate the immune response observed in AD. To this aim, we 
generated Mapt:E2F4DN knock-in mice (E2F4DN mice) that, together with control Mapt:EGFP knock-in mice 
(EGFP mice), were crossed with 5xFAD mice, a known murine model of AD. Neuronal expression of E2F4DN 
in 5xFAD mice led to reduced astrogliosis (i.e. area occupied by GFAP) at 3 months of age, both in cortex and 
hippocampus. In addition, Iba1-positive cells exhibited reduced size in the cortex and hippocampus of 
5xFAD/E2F4DN mice at 3 and 6 months, suggesting that microglia activation is attenuated by the presence of 
neuronal E2F4DN. To analyze the crosstalk between E2F4DN expressing neurons and microglia, we cultured 
microglial cells with conditioned media from E2F4DN- or EGFP-expressing neurons. The differences in 
morphology observed suggest that neuron-microglia communication occurs via soluble factor. In vivo, most 
Iba1-positive cells of 5xFAD/E2F4DN mice were associated to amyloid beta (Aβ) deposits, which were 
increased in size, but not in number at 3 months of age. Moreover, neuronal expression of E2F4DN slowed 
down the accumulation of Aβ at 6 months of age. We speculate that the crosstalk between E2F4DN-
expressing neurons and microglia favors the aggregation of oligomeric Aβ at early stages of AD, thus reducing 
its toxicity, and attenuates Aβ deposition at later stages. Altogether, our data are consistent with a beneficial 
immune response in 5xFAD mice expressing neuronal E2F4DN, which we propose as a therapeutic agent 
against AD. 
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Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are fatal neurodegenerative diseases 
seen in comorbidity in up to 50% of cases. The clinical overlap between the two diseases is also reflected in 
their genetics and neuropathology, with ALS and FTD sharing a number of key pathological characteristics. 
One of which is protein aggregation. Accumulation of protein aggregates leads to synapse loss and 
dysfunction, which has been associated with the development of cognitive deficits. Given that a 
hexanucleotide repeat expansion in the C9orf72 gene is the most common genetic cause of ALS and FTD, we 
used a transgenic mouse model C9orf72-BAC with up to 450 repeats, to study C9-ALS/FTD-related synaptic 
dysfunction. Using Golgi and immunofluorescent staining, we investigate how dendritic spines rearrange and 
neuronal and dendritic morphology change from 1 to 24 months in the cingulate cortex, hippocampus, 
cerebellum, and spinal cord of C9orf72-BAC mice. We used two groups: C9orf72-BAC transgenic (n=6) and 
non-transgenic (n=6) animals. Sholl analysis was used for quantification of morphological features in Golgi 
staining. Our results showed an increase in immature spines such as thin and stubby types, in the transgenic 
mice from 3 to 6 months of age, accompanied by an increase in soma size. Ageing effects were shown from 
18 months in both groups. Those changes were accompanied by neuronal loss in hippocampus, cerebellum 
at early stages. Additionally, the dipeptide repeat protein (DPR) PR was found to stain axonal projections in 
the hippocampus and formed greater numbers of plaques in the hippocampus and cerebellum of transgenic 
mice. The results of our study indicate that early changes related to neuronal degeneration and DPR 
accumulation can be detected at the pre-onset stages of the disease.   
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Although initially discovered by its angiogenic properties, vascular endothelial growth factor (VEGF) has 
recently been shown to act as a neuroprotective molecule after different types of lesion, particularly in 
motoneurons. In the present work, we applied VEGF to axotomized abducens motoneurons to unravel 
whether this factor could recover the synaptic loss and firing alterations induced by axotomy. In addition, we 
applied VEGF neutralizing antibody in the muscle to study the role of this factor in the physiology of uninjured 
motoneurons.  
Adult cats were prepared for the chronic recording of abducens motoneuron discharge activity 
simultaneously with eye movements. For the study of the effects of axotomy, the VIth nerve was cut in the 
orbit and its proximal stump inserted in a home-made chamber for the administration of PBS+0.1% BSA. VEGF 
administration was performed through either the nerve or the fourth ventricle, and the application of the 
neutralizing antibody was made directly on the muscle. We also carried out an immunocytochemical study of 
motoneuronal synaptic boutons at the confocal level, by using antibodies against synaptophysin, VGAT and 
GFAP, and against GLUT-1 for the study of the vasculature. 
Axotomy led to an overall low firing rate and a decrease in motoneuronal sensitivities to eye movement 
parameters. These physiological changes were accompanied by the withdrawal of afferent synaptic boutons 
and an intense astrocytic reactivity. VEGF treatment recovered both the firing alterations and the synaptic 
stripping in axotomized motoneurons, and reverted the astrocytic reaction to control values without an 
increase of blood vessels. Moreover, the administration of VEGF neutralizing antibody rendered uninjured 
motoneurons into an axotomy-like state. 
This is the first work demonstrating that VEGF acts as a powerful synaptotrophic molecule for injured 
motoneurons, restoring firing and synaptic inputs to the control situation. The present data reinforce the 
therapeutical potential of VEGF for motoneuronal disorders. 
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Rett syndrome (RTT) is a rare neurodevelopmental disorder that affects mainly females, predominantly 
caused by mutations in the X-linked gene coding for methyl CpG-binding protein 2 (MeCP2). This protein is 
involved in the epigenetic regulation of gene expression, and is broadly expressed in mature neurons. Patients 
with RTT suffer from intellectual disability, loss of speech and motor abilities, and seizures. We have 
previously shown that lack of MeCP2 leads to a region-specific increase in immature neurons, expressing 
doublecortin (DCX), in the olfactory cortex of young adult, symptomatic, Mecp2-null male mice, but not in 
age-matched, asymptomatic, Mecp2-heterozygous females. Here, we sought to investigate whether the 
impairment in neuronal maturation would be overt in Mecp2-heterozygous symptomatic females. To do so, 
we performed an immunohistochemical detection of DCX in 2 and 6 months old Mecp2-heterozygous female 
mice and their wild-type littermates. We found that DCX-immunoreactivity was increased in the piriform 
cortex, but not the olfactory bulbs or the hippocampus, of 6 months old mutant females, as compared to their 
wild-type controls. This increase was mainly due to an excess of DCX-tangled cells, the most immature ones, 
in the piriform cortex of Mecp2-heterozygous females. A slight increase in the proportion of DCX-tangled cells 
was already apparent in 2 months old Mecp2-heterozygous females, but became significant in older mice. 
These results confirm and extend our previous data, supporting that MeCP2 is involved in neuronal 
maturation in a region-dependent manner, and showing that this effect is linked to the onset of overt 
pathology. Funded by Ministerio de Ciencia e Innovación (PID2019-107322GB-C22).



 

PS1-76 
FAMILIAL ALZHEIMER’S DISEASE GENE MUTATIONS REGULATE 
MITOCHONDRIAL DNA REPLICATION, TRANSCRIPTION AND RELEASE. 
Margalida Puigròs1,3, Verónica Pablo-Fontecha1,3, Andrea Reparaz1,3, Petar Podlesniy1,3, Dr. Ramon Trullas1,2,3 

1Neurobiology Unit, IIBB/CSIC, Barcelona, Spain, 2IDIBAPS, Barcelona, Spain, 3CIBERNED, Barcelona, Spain 
 

Mitochondrial DNA (mtDNA) encodes proteins that are necessary for the production of cellular energy by the 
mitochondria. In neurons, shortage of this energy due to mitochondrial dysfunction triggers 
neurodegeneration. In our previous studies, we reported that subjects with pathogenic mutations that cause 
familial Alzheimer’s disease exhibit low content of cell-free mtDNA (cf-mtDNA) in cerebrospinal fluid (CSF) 
before the appearance of clinical signs, suggesting that a decrease in the CSF content of cf-mtDNA precedes 
the clinical signs of dementia. However, the source and the mechanisms of cf-mtDNA release are unclear. 
Moreover, the molecular mechanisms involved in regulation of mtDNA copy number and release by different 
genes that cause familiar Alzheimer’s disease are unknown. To explore these questions, we have now 
investigated the effect of APP-Swe/Ind and PSEN1dE9 mutations on mtDNA replication, transcription and 
release in SH-SY5Y cell clones that permanently express these mutations. We found that either APP-Swe/Ind 
or PSEN1d9 gene mutations both reduce mtDNA copy number, the amount of L-strand and H-strand mtDNA 
transcripts per cell, and the release of cf-mtDNA.  In addition, we found that pharmacological inhibition of 
mitophagy enhances the release of cf-mtDNA in control cells, but not in cell clones expressing APP-Swe/Ind 
and PSEN1dE9 mutations. These results indicate the presence of an mtDNA quality control system 
independent of mitophagy that is impaired by APP-Swe/Ind and PSEN1dE9 mutations. Moreover, the present 
results show that alteration of mtDNA dynamics is a common factor of different pathogenic mutations that 
cause Alzheimer’s disease. Supported by SAF2017-89791-R, CIBERNED PI2020/09-04 and CIBERNED 
CB06/05/0050 grants.
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The neuropeptides oxytocin (OXT) and arginine vasopressin (AVP) play critical roles in regulating complex 
animal behaviors and homeostatic functions. Both neuropeptides are mainly synthetized at specific 
hypothalamic nuclei, such as the paraventricular and suprachiasmatic nucleus (PVN and SON). Our previous 
work (Madrigal & Jurado, 2021) revealed a significant number of neurons co-expressing OXT and AVP during 
early postnatal stages (PN7) coinciding with a critical period for social interaction. This mixed population 
drastically decline in the adult brain suggesting that a switch in neuropeptide expression is required for the 
maturation of the system. Here, we have analyzed the plastic properties of OXT and AVP circuits in the adult 
brain using brain clearing techniques (iDISCO+) and 3D imaging. Our study has revealed region-dependent 
cellular plasticity in the SON and the retrochiasmatic area (RCH) in response to sexual experience and 
motherhood. Our observations indicate a prevalence of AVP neurons in the SON of virgin females that turns 
into an increase of OXT neurons after giving birth. We explored the hypothalamic neuronal subtypes more 
susceptible to undergo changes in neuropeptide expression by expanding our analysis to additional markers 
associated to OXT and AVP neurons. To this aim, we combined interneuron marker GAD67 and monoamine 
indicator tyrosine hydroxylase (TH) with OXT and AVP. Our results indicate the presence of GAD67 positive 
neurons in the hypothalamus but minimal co-localization with neither OXT nor AVP cells, suggesting that 
oxytocinergic and vasopressinergic interneurons may express different markers like GAD65. On the other 
hand, we found that sexual experience induces TH expression in a subpopulation of AVP and OXT neurons in 
the RCH. Our findings provide new information to understand the specification of neuropeptidergic systems 
during development and their plastic properties upon critical life events in the adult animal.
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The oxytocinergic system regulates key brain functions and its dysregulation leads to neurological disorders. 
However, it is still unknown how oxytocin (OXT) exocytosis is regulated in the Central Nervous System (CNS).   
Oxytocinergic neurons in the hypothalamus are responsible for modulating OXT levels in the CNS mostly 
through release events occurring at their soma and dendrites. Immunostaining experiments revealed the 
expression of two SNAP isoforms: SNAP-47 and SNAP-23 in the somatodendritic compartment of 
oxytocinergic neurons, suggesting a role in OXT exocytosis. Interestingly, the expression of SNAP-23 becomes 
apparent during the first postnatal week suggesting a tight developmental regulation. We generated specific 
viral-based knockdowns (shARNs) to eliminate endogenous SNAP-47 and SNAP-23 to determine their role in 
OXT-vesicle secretion and dynamics. To this aim, we implemented staining protocols and imaging techniques 
to unambiguously identify OXT-vesicle trafficking. We observed KCl stimulation significantly increased the 
probability of OXT release. However, this effect is only observable during short stimulation protocols since 
long stimulation times seem to deplete the OXT releasable pool during the first seconds of KCl application. 
Visualization of somatodendritic OXT-vesicles revealed heterogeneous dynamics in response to neuronal 
stimulation. Four main vesicle pools were identified: i) dynamic vesicles mobilized during the first 10 s of 
stimulation, ii) stable vesicles, iii) uncoupled vesicles and iv) delayed vesicles, the most abundant type, with 
observable movement after 20-40 s of stimulation. We performed electrophysiological recordings to 
determine how OXT-vesicles kinetics relates to the excitability of oxytocinergic neurons. Our observations 
indicate oxytocinergic neurons exhibit slow depolarization that might underlie the delayed dynamics of OXT-
vesicles and their partial dependence on calcium. These results suggest the existence of different pools of 
OXT-vesicles which are distinctly mobilized in response to the same stimulus, a feature that may be relevant 
for orchestrating complex behavioral responses. 
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Tight regulation of whole-body metabolism is essential in maintaining energy homeostasis and for preventing 
several diseases such as obesity. AgRP neurons in the arcuate nucleus of the hypothalamus (ARC) promote 
food intake and control systemic insulin sensitivity. Mitochondria are highly energetic dynamic organelles, 
which can undergo fission and fusion events also in adaptation to the energy state. Mitochondrial fission 
factor (MFF) has a key role during the initiation of mitochondrial fragmentation, where it serves as an adaptor 
for the dynamin related GTPase (DRP)-1. Recently, mitochondrial dynamics was identified as a critical 
regulator of synaptic transmission. Thus, we aimed to define the role of MFF in AgRP neurons and its possible 
role in the regulation of whole-body metabolism.  
To this end, we generated mice with AgRP-neuron specific MFF inactivation. When crossed to a mouse line, 
which express YFP at the outer mitochondrial membrane, this allowed us to monitor mitochondrial 
morphology and dynamics in control mice and those lacking MFF in AgRP neurons (AgRP∆MFF-mice). While 
control exhibited a more fragmented mitochondrial network during fasting, this effect was attenuated in 
AgRP∆MFF-mice. Interestingly, electrophysiological recordings performed in AgRP neurons of AgRP∆MFF 
mice indicated an increase in the neuronal excitability due to differences in the spike frequency adaptation. 
Nevertheless, these animals retain an unaltered ability to respond to orexigenic hormones such as ghrelin. 
Moreover, despite altered AgRP neuron excitability, AgRP∆MFF animals showed no overall changes in body 
weight and glucose homeostasis. 
Collectively, partially impairing mitochondrial fragmentation in AgRP neurons increases their neuronal 
excitability without major differences in metabolism. 
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A major challenge in utilizing stem cells for regenerative therapies is the poor control over the survival, 
differentiation and functional integration of the transplanted cells. The combination of stem cells with 
scaffolds has been proposed to overcome this problem. In the present work, graphene-based hydrogels were 
developed as a substrate for neural stem cells (NSCs). These hydrogels were further functionalized with 
cerium oxide nanoparticles, thus providing a multifunctional platform for cells that combines the intrinsic 
physico-chemical, electrical and mechanical cues provided by graphene derivatives with the antioxidant and 
cytoprotective properties from cerium oxide. 
The graphene/cerium oxide hydrogels were fabricated via the self-assembly of graphene oxide (GO) in the 
presence of ascorbic acid (AsA) at 1:1, 1:4 or 1:10 proportion. Mechanical properties (rheology), electrical 
conductivity, antioxidant capacity, morphology (scanning electron microscopy-SEM) and physico-chemical 
properties (Raman spectroscopy and X-ray diffraction) were characterized. NSCs were seeded on the 
hydrogels and fixed for immunostaining at different time-points (1, 3, 7 and 14 days). Several markers (Nestin, 
MAP2, NeuN, DCX, S100B, GFAP, Olig2) were used to distinguish between the undifferentiated and the 
differentiated cells found in the CNS.  
NSCs were able to attach and integrate into hydrogels without need of coating. Furthermore, the presence of 
AsA or cerium oxide was permissive with the differentiation of NSCs towards neuronal, astroglial and 
oligodendroglial lineages. The increasing the amount of AsA, which acted as a reducing agent, resulted in a 
more collapsed structure with smaller pore size and higher shear modulus and electrical conductivity. The 
incorporation of cerium oxide nanoparticles endow the hydrogels with antioxidant properties reducing both 
their shear modulus and electrical conductivity. 
In this study, we present a simple and versatile method for the fabrication of graphene-based hydrogels with 
tunable mechanical, electrical, physico-chemical and morphological properties, supporting the adhesion and 
neurodifferentiation of NSCs, thus constituting a promising tool for future cellular therapies including nerve 
tissue regeneration. 
 
Funding: UPV/EHU (COLAB19/03;GIU20/050;GIU16/66;UFI11/44;IKERTU-2020.0155) GV/EJ (GV-GIC15/52; 
IT-927-16;IT831-13;Hazitek ZE-2019/00012-IMABI & ELKARTEK KK-2019/00093), MICINN (PID2019-
104766RB-C21), MINECO (RYC-2013-13450).
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Modulating corticostriatal activity with non-invasive brain stimulation (NIBS) is appealing for treating 
neurological diseases. Corticostriatal activity would be studied with fMRI as functional connectivity (FC) 
estimated as correlation, but NIBS-induced local perturbations are confounders to this metric: FC changes 
between two regions can be observed without interaction changes, or unnoticed in their presence. We 
combined transcranial static-magnetic-field stimulation (tSMS) with resting-state fMRI and developed an 
analysis framework to disambiguate between-region FC and assess corticostriatal modulations. 
 
We disambiguate FC by integrating several descriptive metrics of within-region (Hom: homogeneity; Var: 
variance) and between-region (DCorr: distant correlation) activity, as well as with an inferential metric that 
uniquely represents between-region interactions (SVar: shared variance). SVar is extracted from a model-
based variance decomposition, Monte-Carlo validated (y≈x; R²>0.94). Classical FC (correlation of mean 
activity) was also assessed. We first studied corticostriatal connectivity on a sample from the Human 
Connectome Project (N=100) and then corticostriatal effects of tSMS with data from a study stimulating the 
supplementary motor area (Pineda-Pardo et al, Commun. Biol. 2018) (N=20). Significance was assessed by 2-
way repeated-measures ANOVA (time x treatment). 
 
Regions in the putamen (motor and ventral attention regions) are strongly connected to the SMA, and so is 
the paracentral lobule (PCL) to the motor region of the striatum. In the cortex tSMS increased Var in the right 
SMA proper (F₁,₁₉=9.6; PFDR<0.01), and Var (F₁,₁₉=10.2; PFDR<0.01) and Hom (F₁,₁₉=8.2; PFDR<0.05) in the 
right PCL. In the striatum only the left motor region was modulated, increasing Hom (F₁,₁₉=11.6; PFDR<0.05). 
Neither classical FC nor DCorr were affected by tSMS, but the modulation of corticostriatal activity was 
detected as an increased SVar between the left motor striatum and the right PCL (F₁,₁₉=18.0; PFDR<0.001). 
 
In conclusion, we provide direct evidence of non-invasive modulation of corticostriatal activity by tSMS. 
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The use of animals for scientific purposes represents a historical practice in human civilization. In Peru, 
laboratory animal science has reached a higher level of development in recent years. However, the legal and 
regulatory framework for laboratory animal science is still embryonic. The "Guide for the care and use of 
laboratory animals" in its eighth edition is not adequately disseminated, as were the previous versions. There 
are 143 public and private universities in Peru. To date, public and private universities do not have 
accreditation of institutions that promote the use of animals without unnecessary suffering in scientific 
activities. On the other hand, a high percentage of universities do not have an "Institutional Ethics Committee 
for the Use of Animals in Research" (equivalent to the Institutional Committee for the Care and Use of 
Laboratory Animals - CICUAL), restricting the existence of these committees to the main universities in the 
country. In Peru, there are also around 173 research centers, most of them in the field of basic and applied 
sciences. Furthermore, animal production centers for research purposes are scarce in the country, with this 
responsibility - for the murine model - falling on four public and two private institutions.
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Acetylcholinesterase is the enzyme in charge of the hydrolysis of acetylcholine in the cholinergic synapses. It 
is also one of the multiple proteins affected in Alzheimer’s Disease (AD), finding maintained levels of protein 
whereas the enzymatic activity is reduced in the brain cortex of AD patients. In addition, AChE has non-
cholinergic roles like favouring neurite outgrowth or amyloid beta deposition. iPS-derived cortical neurons 
provide a good model for studying this disease since it can reflect specific changes from patients suffering AD. 
In this context, the aim of this study is to characterise AChE in patient-derived iPS and neurons when neurons 
are cultivated alone, co-cultured with astrocytes or/and microglia. Preliminary results indicate that there is 
an increase of AChE activity when neurons are co-culture with microglia or alone but in BrainPhys, a media 
that favours neuronal maturation. Further studies are being carried out to test whether this changes are 
common to control and AD patient-derived cortical neurons or specific to either and if amyloid beta treatment 
influences AChE similarly to what has been describe in the literature. 
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Genomic imprinting is an epigenetic process leading to parental-origin-specific expression of certain genes – 
imprinted genes – resulting their monoallelic expression. This specific mechanism is essential for normal 
mammalian embryonic development, metabolism and adult behaviour (1). Alteration of the expression of 
imprinted genes has been commonly associated with perturbation of their imprinting state, leading to a loss 
of imprinting (LOI) (2). LOI implies the disruption of the monoallelic expression pattern of imprinted genes 
and has been involved in several disorders including malignant transformation (2). To understand the 
dynamics of genomic imprinting during acquisition of a pluripotent state, we have used neural stem cells 
(NSCs) from reprogrammable mice carrying a doxycycline-inducible polycistronic cassette encoding the 
transcriptional factors Oct4, Sox2, Klf4 and c-Myc (3), to generate induced pluripotent stem cells (iPSCs). Our 
results show alterations in the expression levels of most of the imprinted genes analyzed, which are partially 
reverted after iPSCs-differentiation into neuroprogenitors (NPs), suggesting that the plasticity in this 
epigenetic process might be an important mechanism during neural differentiation. These alterations in gene 
expression were accompanied with changes in the methylation levels at the imprinting control regions (ICRs), 
which control the imprinted status of imprinted genes. However, only the imprinting state of the paternally 
expressed gene Dlk1 varies during the acquisition of a pluripotency state and during neural differentiation.  
 
(1) Li Y and Sasaki H. Genomic imprinting in mammals: its life cycle, molecular mechanisms and 
reprogramming. Cell Research 21:466-473 (2011). 
(2) Bar S, Schachter M, Eldar-Geva T, Benvenisty N. Large-scale analysis of loss of imprinting in human 
pluripotent stem cells. Cell Reports 19:957-968 (2017). 
(3) Abad M, Mosteiro L, Pantoja C, Cañamero M, Rayon T, Ors I, Graña O, Megías D, Domínguez O, 
Martínez D, Manzanares M, Ortega S, Serrano M. Reprogramming in vivo produces teratomas and iPS cells 
with totipotency features. Nature 502: 340-345 (2013). 
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A large number of neurodevelopmental disorders associated with deficiencies in social interaction, language 
difficulties and repetitive behaviours are grouped under the name of autism spectrum disorders (ASD). 
Although the genetic causes of ASD are complex, one of the genes that have been associated with ASD is SOX5 
(# 616803, LAMB-SHAFFER SYNDROME). Sox5 encodes a transcription factor with important functions in the 
control of neurogenesis (work in our laboratory) and in the correct specification of projection neurons of the 
cerebral cortex. However, alterations in regions of the brain other than the cortex such as the hippocampus 
have not been analysed yet.  
Children with ASD present hippocampal morphology alterations associated with deficits in 
neuropsychological tests. Moreover, it has been described that the CA2 region of the hippocampus is 
fundamental in social behaviour in mice, a region where we have previously shown that Sox5 is expressed. 
Using conditional Sox5 mutant mice specific for the CA2 region (Amigo2-cre/Sox5fl/fl; Sox5Amigo2), we have 
determined that robust lack of Sox5 expression causes  PCP4 level decrease in more than half of the pyramidal 
neurons in CA2. Using an extensive battery of mouse behavioural assays we have determined that 
Sox5Amigo2 mutant mice: i) exhibit normal basic reflexes, weight, and locomotion abilities; ii) males present 
a lower level of marbles burying activity and slight anxiety in open field test but not in elevated plus maze 
test; iii) exhibit a good performance in Morris water maze test; iv)  present normal social preference and v) 
both males and females show an abnormal preference for a familiar animal over a stranger in social memory 
tests. Thus, we propose that Sox5Amigo2 mice could provide a new model of ASD, based on cellular and 
functional alterations of the CA2 region of the hippocampus that serves to understand the hippocampal 
component in the pathophysiology of ASD and for the testing of new therapeutic strategies. 
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Effect of the transplant type on RGC neuroprotection and axonal 
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Bone marrow mesenchymal stem cell (BM-MSC) transplantation is widely studied in pre-clinical models 
because of their potential neuroprotective properties in central nervous system (CNS). However, 
microenvironmental differences between three transplants (Syn: syngeneic pigmented mouse in pigmented 
mouse, Allo: allogeneic pigmented mouse in albino mouse, Xeno: xenotransplant, human in pigmented 
mouse) are unclear and could determinate graft survival and action. Optic nerve crush (ONC) in mice is a well-
studied model of neuronal degeneration in the retina, part of CNS, upon which  retinal ganglion cells (RGC) 
die in a progressive way, so at 5 days, 50% of their population has died, and from a 1 month onwards <10% 
of them remain. We purposed to assess functional and histological differences between syngeneic, allogeneic, 
and xenotransplant of BM-MSCs after ONC.  
Intravitreal injections of 20,000 cells of each transplant were performed after ONC in C57BL/6J and BALB/c 
mice. As controls matched groups of ONC+vehicle was done. Animals were perfused and flat mounted retinas 
analyzed at 3, 5 and 90 days after injury. In vivo functional retinal activity and anatomy were measured at 90 
days by electroretinogram (ERG) and optic coherence tomography (OCT), respectively. To study axonal 
regeneration, choleric toxin tracer (CTB) assay was intravitreally injected at 85 days. Brn3a+RGCs were 
automated quantified and spatial distribution analyzed with isodensity maps.    
Only syngeneic transplantation has significant neuroprotective properties from 5 days (p<0.05) to 90 days 
(p<0.05). In addition, compared ONC alone, axonal regeneration is significant in the syngeneic model, in 
contrast to allo- and xeno- transplantation. Finally, xenotransplant of human BMSC is the only that has 
negative effect in retinal function, decreasing most of ERG waves. 
To evaluate graft outcome is not enough to clarify cellular properties but rather to study the 
microenvironment created after transplantation. 
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Schizophrenia (SCZ) is a neurodevelopmental psychiatric disorder that affects 1% of the world’s population. 
Theories suggest that SCZ is caused by genetic and environmental factors, with strong epidemiological 
evidence showing an association between maternal infection during pregnancy and development of SCZ in 
offspring in adult life. In recent years, our group has described a set of six overexpressed genes associated 
with the appearance of the disease (ADAMTS2, CD177, CNTNAP3, ENTPD2, RFX2 and UNC45B). ADAMTS2 
was the most overexpressed gene in independent samples of patients and was moderated by the 
antipsychotic action in responsive patients. We propose two animal models to reproduce the cerebral and 
behavioral symptoms of SCZ disorder. We have generated a transgenic mouse model that selectively 
overexpresses ADAMTS2 in brain regions under CaMKIIα promoter. We have also established a maternal 
immune activation (MIA) mouse model with Polyinosinic-polycytidilic acid (Poly (I:C)), a synthetic analog of 
double-stranded RNA that triggers a citokine-associated immune response. Pregnant dams are exposed to 
viral agent during gestation. In the last described model, we found weight differences and an altered body 
temperature in injected pregnant females with Poly (I:C). Positive, negative and cognitive symptoms are 
evaluated in Poly (I:C) model through behavioral tests. Results show defects in social and sensorimotor gating 
tasks without affected locomotion. All experiments are performed both in female and male mice, since SCZ 
affects patients of both sexes differently. On the other hand, different brain parameters have also been 
evaluated, such as cortical thickness and its layers (I-VI) and dendritic spines density. Our results suggest 
differences in cortical thickness and decreased dendritic spines density in adult offspring. Finally, both models 
separately and its combination will permit us evaluate genetic and environmental theories and will help us 
advance in the knowledge and treatment of SCZ disorder. 
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Therapeutic approaches aimed to restore the function of damaged neuronal circuits will benefit from a better 
understanding of the mechanisms driving and constraining circuit assembly. The binary decision of crossing 
or avoiding the midline that retinal ganglion cells (RGCs) axons take at the optic chiasm during embryonic 
development is essential for binocular vision and represents a simple and robust model to identify novel 
mechanisms controlling axon guidance decisions during circuits formation. By comparing the transcriptome 
and chromatin occupancy profiles of crossed and uncrossed RGCs, we identified key differences between 
these two populations of neurons. Our unbiased screens revealed important differences in the expression of 
guidance molecules and the binding of transcription factors to regulatory regions, exposing novel 
transcriptional mechanisms underlying axon guidance decisions. Functional in vivo experiments with 
candidate genes validate this approach and reveal the implication of several transcription factors, such as the 
Lhx family, in the navigation of RGC axons. Overall, our study retrieved novel factors controlling axon 
guidance, thereby contributing to a better understanding of the transcriptional regulatory logic underlying 
neuronal connectivity. 
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Local translation in the growth cone has been proposed as a mechanism for rapidly producing proteins "on 
demand" during axonal navigation in the developing embryo. The binary decision of crossing or not the 
midline that visual axons take at the optic chiasm attending to attractive or repulsive signals, is an ideal model 
to investigate the molecular mechanisms underlying axon pathfinding. By using a cre-dependent Ribo-Tag 
mouse line (translated ribosome affinity purification) crossed with two cre-lines specific for retinal neurons 
that cross or not the midline, we have isolated mRNAs locally translated in contralateral or ipsilateral axons 
respectively. By high resolution FRAP (fluorescence recovery after photobleaching) visualization of Venus-
3UTR constructs in axons navigating the optic chiasm, we confirmed axonal translation of the mRNAs 
identified in our screen. Interestingly, the axonal translatome obtained from these two populations of retinal 
neurons includes a subset of genes enriched in common elements of cytoplasmic polyadenylation that are 
known to activate specific mRNAs for local protein translation. These findings confirm for the first time the 
existence of local protein synthesis in the cone of growing axons in vivo. In addition, they reveal the 
translatome of contralateral and ipsilateral axons and provide a deeper understanding of the molecular 
machinery involved in axon guidance decisions. 
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The amygdala is extremely complex and heterogeneous, and contains different neuron subpopulations 
involved in functions essential for survival. It plays a key role in the stress response in mammals, but very little 
is known on its role in non-mammals. In order to improve welfare in laying hens, it is crucial to disentangle 
amygdalar structure and function in these animals. In mammals, two major populations of peptidergic 
neurons of the central extended amygdala (EAce), containing somatostatin or enkephalin, become active (on) 
or inactive (off) during stress response. These cell types originate in different embryonic domains and express 
different region-specific transcription factors during development. The evolutionary developmental biology 
approach has provided crucial information on how the amygdala develops in different vertebrates, which has 
become essential to identify homologous cell populations across species. Our goal was to identify neurons of 
the chicken EAce homologous to those of mammals using this approach. In particular, we investigated the 
embryonic origin of enkephalin and somatostatin neurons of the EAce in domestic chicks (Gallus gallus 
domesticus), by studying their co-expression with different region-specific developmental transcription 
factors. We performed double labelling experiments combining chromogenic or fluorescent in situ 
hybridization for enkephalin and somatostatin with immunohistochemistry or immunofluorescence for the 
transcription factors Pax6, Nkx2.1 and Islet1. We found that: (1) enkephalinergic cells of the capsular and peri-
interpeduncular parts of the EAce express mainly Pax6, which is specific of cells derived from the dorsal 
striatal embryonic division; and (2) the somatostatinergic cells express mainly Nkx2.1, typical of cells derived 
from the pallidal embryonic division. These results support the hypothesis of homology of these neurons 
between mouse and chicken, and set the basis to study their function during the stress response. The results 
also contribute to extract general developmental-based principles on the neural architecture of the central 
extended amygdala of amniotes. 
 
Funding from the European Union’s Horizon 2020 research and innovation programme under the Marie 
Skłodowska-Curie grant agreement No 812777 
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Wnt1 effect on the Fasciculus retroflexus axonal navigation. 
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During development of the neuronal system, immature neurons must generate their dendritic arborizations 
and axonal neurites properly. The developing axons follow a stereotypic map between short and long range 
signals. The haptotaxis mechanism involves short range signals that require cell-cell contact and they produce 
permissive or avoidance territories for the growing axons. Meanwhile, the quimiotaxis process is related to 
long range signals that are able to attract or repeal the growth of the axons towards the sources. One clear 
example are the fasciculus retroflexus axons, that, as they reach the diencephalic floor plate vicinity, bend 
caudalwards. Then, they navigate crossing the midbrain until their target in the rostral hindbrain. They must 
cross the Isthmic territory, a well-known secondary organizer, that contains several morphogens such as 
Fibroblast growth factor 8 (Fgf8) and Wingless (Wnt1). Our aim in this work is to unveil the Wnt1 role in the 
determination of the mid-hindbrain territory crossed by the fasciculus retroflexus and how it affects the 
guidance mechanism needed by this tract. We used a Wnt1 lack of function transgenic mice and analyzed its 
phenotype by immunohistochemistry, axonal tracing dyes and iDisco techniques. The results obtained 
showed that the mesencephalic basal territory was severely affected. The axons were able to travel caudally 
but displayed strong abnormalities in their direction. The isthmic territory in the absence of Wnt1 was not 
able to properly induce the surrounded territories triggering a dramatic alteration of the correct pathway 
cues needed for the fasciculus retroflexus axons. 
Work supported by MINECO/AEI/FEDER (SAF2017-83702-R), GVA (PROMETEO/2018/041), ISCIII 
(“RD16/001/0010”), co-funded by ERDF/ESF, “Investing in your future”, and FTPGB (FTPGB18/SM) to S. 
Martinez; MECD (FPU16/03853) to V. Company. The Institute of Neurosciences is a “Centre of Excellence 
Severo Ochoa (SEV-2017-0723)". 



 

PS2-06 
Wnt1 role in the specification and differentiation of the habenular complex. 
Ms. Ana Moreno Cerdá1, Ms Verónica Company1, Ms Raquel Murcia-Ramón1, Dr. Abraham Andreu-Cervera1, 
Ms Francisca Almagro-García1, Dr Salvador Martínez1, Dr Diego Echevarría1, Dr Eduardo Puelles1 

1Instituto de Neurociencias (UMH-CSIC), Sant Joan D' Alacant, Spain 
 

The neuroblasts of the developing neural tube requires the activity of precise regions (secondary organizers; 
SO) to direct their specification and differentiation programs. Along the antero-posterior axis, it has been 
described three SO: the isthmic organizer, the zona limitans and he anterior neural ridge. They produce 
secreted signaling molecules named morphogens. These mainly include Fibroblast growth factor 8 (FGF8), 
Bone morphogenetic proteins (BMP), Wingless (WNT1) and Sonic Hedgehog (SHH). In fact, some of them 
organize more precisely the dorso-ventral patterning of the neural tube. Thus, SHH is produced mainly in the 
floor/basal plate and BMP with WNT1 on the roof plate. 
Based on our interest in the limbic system development, we studied the WNT1 role in the specification and 
differentiation of the habenular complex. This neuronal structure is located at the dorsal aspect of the 
thalamic prosomere, central part of the diencephalic territory. We analyzed in a Wnt1 loss of function murine 
model the embryonic development of this neuronal complex. This study has included different approaches 
that has included proliferation, immunohistochemistry and iDisco techniques. The lack of function of this 
morphogen produced a severe alteration in the proliferation rates and a dramatic extension in the 
anteroposterior dimension of the habenular complex. The subnuclei subdivision in the components of the 
lateral and medial habenula maintained a similar distribution. Therefore, Wnt1 is necessary for the correct 
habenular complex growth but not for their specification and differentiation. 
Work supported by MINECO/AEI/FEDER (SAF2017-83702-R), GVA (PROMETEO/2018/041), ISCIII 
(“RD16/001/0010”), co-funded by ERDF/ESF, “Investing in your future”, and FTPGB (FTPGB18/SM) to S. 
Martinez; MECD (FPU16/03853) to V. Company. The Institute of Neurosciences is a “Centre of Excellence 
Severo Ochoa (SEV-2017-0723)”. 
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Different studies have shown the important role of embryonic origin to understand the mature phenotype of 
neurons. Recently, we described a new radial telencephalon-opto-hypothalamic embryonic domain, 
coexpressing the transcription factors Foxg1 and Otp, which produces the vast majority of the glutamatergic 
cells of the medial extended amygdala, as well as some cells of the pallial amygdala. To determine if there are 
other pallial populations that co-express both transcription factors, we used Otp-eGFP transgenic mice and 
double immunofluorescence for Foxg1 and GFP at different embryonic stages and postnatal ages. From 
middle embryonic stages, we observed very few GFP/Otp expressing cells, with migratory neuroblast 
morphology, in the primordium of the anterior cingulate cortex, mostly intermingled with fibers of the 
developing cingulate fascicle. These cells were in continuity with similar cells and fibers found in the septo-
preoptic region, resembling a ventro-dorsal tangential migratory stream. The number of cells and fibers in 
this stream increased during development. Postnatally, some scattered cells were observed in the mantle of 
the neocortex, mostly in the cingulate cortex and adjacent cortical areas. All of them coexpressed Foxg1. 
Moreover, other GFP/Otp cells were found in the hippocampal complex. A densely packed group was found 
in the pre/parasubicullum, which gave rise to a projection to the hippocampal formation. The latter also 
included some cells, which coexpressed Foxg1. The finding of GFP/Otp cells in the neocortex and hippocampal 
complex raises questions on their origin, phenotype and function throughout ontogenesis. The location of 
some GFP/Otp cells in relation to developing septal and cingulate fiber bundles suggest a role as guidepost 
during fascicle development. Otp may also be important for the migration and differentiation of specific 
cortical neurons. In addition, as Otp is also expressed in adulthood, it may be playing a regulatory role 
affecting mature cortical function.  
 
*E.D and L.M contributed equally as supervisors of this work. 
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The brain of vertebrates includes a social behavior network, responsible for producing and regulating social 
interactions in a flexible and dynamic way. Social behaviors, like mating, parental care and aggression, show 
strong variations between sexes and are regulated by gonadal hormones. Many of the areas of this network 
express estrogen and androgen receptors. These brain areas include multiple neuron populations with 
specific connections, but the relation between gonadal receptors and specific neuron populations is poorly 
understood. In this study, we took advantage of the Otp-eGFP transgenic mice, with permanent labelling of 
Otp cells and their axonal projections, to study the relation between gonadal hormones’ receptors and Otp 
cells. Otp is a transcription factor critical for the differentiation of neuroendocrine neurons in the 
hypothalamus and also for the generation of glutamatergic neurons of the medial extended amygdala. We 
studied the expression of estrogen receptors alpha (Erα) and beta (Erβ) and the androgen receptor (AR), in 
areas rich in Otp neurons and in Otp neurons' targets. To study receptor expression, we used in situ 
hybridization method. Otp cells and fibers were visualized using immunohistochemistry to detect GFP. The 
study was performed in two developmental stages, before and after sexual maturation. The results show that 
in both stages there is a high expression of receptors in areas rich in Otp cells, like the medial amygdala, 
especially its posterodorsal subdivision, the BSTM and the paraventricular hypothalamic nucleus. We also 
observed a high expression of receptors in targets rich in Otp-expressing terminals, such as the lateral septum, 
the medial preoptic region, the ventromedial hypothalamic nucleus and the periaqueductal gray. The fact 
that the Otp-related social behavior network expresses gonadal receptors suggests a prominent role of these 
cells and their connections in regulating sexual and other social behaviors. 
  
Funding: Ministerio de Ciencia e Innovación (PID2019-108725RB-100); Predoctoral fellowship from University 
of Lleida and with the support of the Secretaria d’Universitats i Recerca from the Generalitat of Catalunya and 
the European Social Fund. 
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The nucleus accumbens (NAc) is a pivotal locus for reward-related behaviours and addiction circuitry. It is 
mainly composed by medium spiny neurons that receive dopaminergic and glutamatergic afferents. The 
glutamate homeostasis in the NAc is regulated by the glutamate transporter 1 (GLT-1), a highly specific 
glutamate electrogenic transporter that is expressed on astrocytes. GLT-1 controls signal transmission 
uptaking glutamate from the synaptic cleft and thus controlling the time course of excitatory postsynaptic 
currents and potentials. Drugs of abuse causes glutamatergic dysregulation in the NAc and a downregulation 
of GLT-1 after prolonged drug-withdrawal. Although numerous studies show that GLT-1 regulate the synaptic 
plasticity triggered by different cell conditioning paradigms like spike timing-dependent plasticity (STDP).  In 
STDP, the temporal coincidence of pre- and postsynaptic spiking activity leads to long-term potentiation or 
depression. However, the role of astrocytes in the regulation of NAc plasticity induced by drugs of abuse is 
poorly understood. 
In this study, we combined cell biology and electrophysiological approaches in brain slices, to test the 
hypothesis that dopaminergic activity alters the expression of astrocytic GLT1 and regulates the time course 
of glutamatergic synaptic transmission in the NAc. Astrocytic activation with opto-stimulation of 
dopaminergic axons, or with different drug abuse or with selective stimulation via DREADDs decreases GLT-1 
functionality and glutamate synaptic currents in astrocytes. Furthermore, we found an increase in time and 
space of glutamate in the synaptic cleft modifying the kinetic of excitatory postsynaptic potentials. This 
phenomenon allowed us to find a temporal window between presynaptic activity and postsynaptic spikes in 
STDP paradigm in which the synaptic weigh was modified after drugs of abuse, adjusting the computational 
ability of the system during addiction.  
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Neuromuscular activity regulates PKA catalytic and regulatory subunits and 
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Protein kinase A (PKA) triggers intracellular pathways that modulate activity-dependent mechanisms such as 
neurotransmission and synaptic plasticity. At the neuromuscular junction (NMJ), PKA signaling enhances 
neurotransmitter release via the phosphorylation of the release machinery including SNAP-25 (synaptosomal 
associated protein of 25 kDa) which is a key protein for the exocytosis. Presynaptic impulse at the NMJ triggers 
the molecular mechanisms associated with the release of ACh and this process can be retrogradely regulated 
by the resulting muscle contraction. Therefore, both presynaptic and muscular regulation could influence PKA 
signaling pathway, although this regulation is unknown.  
Accordingly, to study the effect of synaptic activity on PKA subunits and its activity, we stimulated the rat 
phrenic nerve (1 Hz, 30 min) resulting or not in contraction (abolished by µ-conotoxin GIIIB). Changes in 
protein levels and phosphorylation were detected by Western blotting and cytosol/membrane translocation 
by subcellular fractionation.  
We show that muscle contraction decreases PKA-Cβ levels because the contraction-induced upregulation of 
AKAP150 is capable to recruit enough RIIβ regulatory subunits to permit Cβ catalytic subunits increase their 
activity enhancing pSNAP-25 T138 phosphorylation and synaptic vesicle exocytosis and, therefore, allowing 
the myocyte to receive enough ACh to complete a correct contraction. In addition, RIIα opposes to this 
regulation binding to Cβ to inhibit its activity and stops the ACh liberation mechanism contributing to balance 
the catalytical activity of Cβ on pSNAP-25 T138. This contraction-induced regulation opposes to the performed 
by the presynaptic stimulus that balancing the same mechanisms maintain stable endogenous pSNAP-25 T138 
levels and therefore ACh exocytosis.  
These results indicate that neuromuscular synaptic activity performed by the neuron and the myocyte 
regulates accurately the PKA catalytic and regulatory subunits in order to maintain an optimal ACh 
transmission at the NMJ. 
 
Funding: PID2019-106332GB-I00, 2017PFR-URV-B2-85,2017SGR704, PRE2020-092084, 2021-FI-B00755, 
LE1511314-2014PEJ-04, LE1911587-2019PEJ-04.
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Autophagy is the cellular process whereby cytoplasmic constituents such as long-lived proteins and damaged 
organelles are delivered to the lysosome for degradation. Autophagy is basally active in virtually all cell types, 
wherein it functions as a cellular quality control checkpoint to promote cellular fitness and survival. However, 
the role of basal autophagy in microglia, the brain resident macrophages, has started to emerge only recently. 
In this study, we have evaluated the effect of basal autophagy inhibition in microglial phagocytic function and 
survival. To monitor the autophagic activity of microglia, we first developed a 2-step model to separately 
assess autophagosome formation and degradation in microglia using conventional LC3 Western blot assays. 
Using this model, we confirmed that after treatment with the unc-like kinase1/2 (ULK1/2) inhibitor 
MRT68921, which inhibits the autophagy pre-initiation complex, reduced both autophagosome formation 
and degradation proportionally in primary microglia, leading to a reduced turnover ratio of autophagosomes 
and an inhibition of basal autophagy. Next, we assessed the effects of basal autophagy inhibition in microglial 
phagocytosis of apoptotic cells and survival using pharmacological in vitro and genetic in vivo approaches. In 
vitro, MRT68921 impaired microglial phagocytosis of apoptotic cells at low concentrations that did not induce 
microglial death. However, high concentrations of MRT68921 did induce significant microglial death, 
suggesting that basal autophagy disruption is critical for microglial survival. In vivo, constitutive deletion of 
autophagy-related genes such as ATG4B, also disrupted microglial phagocytosis and decreased microglial 
survival in the neurogenic niche of the hippocampus, where newborn neurons constantly undergo apoptosis 
and are rapidly engulfed by microglia. We are now extending our analysis to other microglia-specific 
autophagy-deficient mouse models such as ULK1 or BECN1. In conclusion, our results indicate that basal 
autophagy shapes microglial fitness regulating their function and survival.
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Beyond neurons and glia, the Central Nervous System (CNS) holds a plastic scaffold known as the extracellular 
matrix (ECM). Unlike the ECM from connective tissue, where collagen is the main unit, the neural interstitial 
matrix consists mostly on long chains of the glycan polymer hyaluronan. Protein components of the ECM bind 
to hyaluronan forming a self-assembled matrix that functions as structural framework and signalling hub. 
Microglia, the never-resting immune cell of the CNS, constantly surveys the brain parenchyma, interacting 
with neighbouring cells and the surrounding extracellular microenvironment. We have recently described in 
adult parkinsonian mice a bidirectional loop between hyaluronan and microglia, which affects both matrix 
structure and microglia reactive state, with consequences on neurodegeneration and tissue architecture 
(Soria et al., 2020, Nat Commun). Despite recent advances on matrix-glia interplay, it is unknown whether 
changes in the structural matrix affect microglial motility. Here we report on the interaction between 
microglia and hyaluronan, using an ex vivo approach to characterise microglia dynamics in response to matrix 
modification. Using 2-photon time-lapse imaging in acute slices of Cx3cr1+/eGFP mice, we show that 
microglial motility, ramification and territory surveyed are reduced upon hyaluronan fragmentation ex vivo, 
with no changes when other matrix components are degraded instead. We also report alterations in directed 
motility upon laser ablation after hyaluronidase treatment. These results suggest impairment of microglial 
motility upon matrix modification and shed light on the dual role of hyaluronan as scaffolding polymer and 
pro-inflammatory signal in the CNS. 
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The aim of our work was to study the contribution of estrogen, the main feminine sex hormone, to the 
function of  hippocampal inhibitory neurons (IN). IN play a critical role in controlling different forms of 
network activity and plasticity underlying cognition. Estrogens are synthesized in the brain by neurons that 
express the enzyme aromatase and regulate excitatory synaptic function and plasticity. However, the role of 
brain-derived estrogen role in controlling IN function is unknown. 
 
We first studied the contribution of hippocampal CA1 IN to brain estrogen synthesis. We detected aromatase 
mRNA and protein in CA1 IN expressing the marker parvalbumin (PV), suggesting estrogen synthesis in this 
major IN subtype. We then studied the functional impact of brain estrogen synthesis on CA1 synaptic 
inhibition using patch-clamp recordings on brain slices from female ovariectomized mice. Our results revealed 
that blockade of brain aromatase increases CA1 synaptic inhibition by limiting the activation estrogen 
receptors and lead to maturation of perineuronal nets (PNNs), extracellular structures that control PV+ IN 
excitability. Enzymatic digestion of PNNs impaired aromatase regulation of synaptic inhibition, suggesting that 
plasticity of PNNs is part of the mechanism used by estrogen to regulate the function of PV+ IN. 
 
Interestingly, aromatase regulation of PV+ IN was only present in female mice. Using a transgenic line in which 
sex determination is independent of sex chromosomes and manipulations of perinatal gonadal hormone 
levels, we found that female-specific regulation of PV+ IN has a gonadal origin and is independent of the 
genetic sex of the brain. 
 
Our results reveal sex differences in the regulation of PV+ IN by brain synthesized estrogen. Since aromatase 
inhibitors are widely used in clinics, our results have implications for understanding the adverse effects that 
these treatments have on cognitive functions in humans. 



 

PS2-14 
EFFECTS OF TRANSCRANIAL DIRECT-CURRENT STIMULATION (tDCS) ON 
THALAMOCORTICAL SENSORY PATHWAY IN AWAKE MICE 
Mr. Guillermo Sánchez-Garrido Campos1, Ms. Marta Estévez-Rodríguez1, PhD Isabel Cordones1, PhD Javier 
Márquez-Ruiz1 

1Pablo de Olavide University, Seville, Spain 
 

The transcranial Direct-Current Stimulation (tDCS) is a non-invasive neuromodulatory technique that induces 
changes in the human cortex excitability dependent on the applied polarity. It has recently been proposed 
that tDCS may act by modifying the local- and long-range circuits involved in the excitation/inhibition (E/I) 
balance in the cerebral cortex. The aim of the present study was: 1) to describe the characteristics of field 
potentials recorded in primary somatosensory cortex (S1) in response to whisker and ventro-posterior medial 
thalamus (VPM) electrical stimulation, and 2) to compare the effects of tDCS on field potentials induced by 
these two different stimuli.  
 
For that, we prepare C57 mice for chronic multilayer recording of LFPs, VPM electrical stimulation and tDCS 
in the alert head-restrained condition. tDCS was applied between a ring electrode over S1 and a reference 
electrode consisting of a rubber rectangle (6 cm2) attached to the back of the mouse. Evoked potentials in 
response to whisker or VPM stimulation were chronically recorded at two different depths (400 - 600 µm and 
1000 – 1500 µm from the brain surface) before, during and after short pulses of tDCS (15 s) at different 
transcranial current intensities (±50, ±100, ±150 and ±200 µA). 
 
The recorded VPM-induced potentials showed a reduction in the latency (~3 ms) of the first component with 
respect to whisker-induced sensory potentials. On the other hand, depth profile of VPM-induced evoked 
potentials showed the inversion of N1 component across layers similarly to reported for whisker-induced 
sensory potentials. Regarding to immediate effects of tDCS, anodal and cathodal pulses of tDCS successfully 
modulated the waveform of VPM-induced evoked potentials increasing and decreasing its amplitude during 
anodal and cathodal, respectively. 
 
These results demonstrate that tDCS immediate effects on S1 recorded VPM-induced potentials reproduce 
those observed in sensory evoked potentials induced in response to peripheral whisker stimulation.  
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Communication among neurons occurs in synapses in a highly regulated process that determines the way we 
see, smell or behave. In the olfactory system, the glomeruli of the olfactory bulb are the first site of odour 
processing in the brain. Here, many synapses are established between olfactory sensory neurons and 
olfactory bulb neurons. The western-clawed frog (Xenopus tropicalis) provides an excellent experimental 
platform to investigate the molecular mechanisms of synaptic transmission in vivo due to its experimental 
accessibility, transparency and possibilities of genetic manipulation. The aim of the present study is to 
characterize the bases of neurotransmission taking place in olfactory glomeruli.  We investigated long-lasting 
depolarizations (LLDs) that were identified in local field potential recordings obtained from the glomerular 
layer of the olfactory bulb.  Odorant responses were obtained after ipsilateral stimulation of the olfactory 
epithelium with amino acid solutions. Amino acids applied at 200 µM triggered responses in the majority of 
animals investigated: arginine 82% (n=9), histidine 76% (n=9), leucine 77% (n=14) and methionine 63% (n=39). 
This evidence shows a poor selectivity of the olfactory system of X. tropicalis tadpoles to detect odorants. To 
assess sensitivity, methionine was applied from 0.01 µM to 200 µM. The threshold for detecting responses 
was found at ~1 M. The experimental approach was refined using the zHB9::GFP transgenic line, which 
allowed the recording of a single identified glomerulus. The amplitude of LLDs obtained after 20 µM and 200 
µM application of methionine changed from 27 µV (n=5) to 49 µV (n=5), respectively. This result suggests that 
the amplitude of LLDs obtained in olfactory glomeruli is related to the concentration of the odorant applied.  
Future experiments are required to determine the precise contribution of presynaptic terminals of olfactory 
sensory neurons to LLDs.  
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Microglia, the immune cells of the central nervous system, display a variety of functions to maintain 
homeostasis in the brain. Microglia are professional phagocytes and remove apoptotic cells to prevent the 
spillover of toxic components. Although phagocytosis is a key process to maintain brain homeostasis and is 
very efficient in physiological conditions, little is known on how to modulate microglial phagocytosis when it 
is impaired or exacerbated, such as in epilepsy or schizophrenia, respectively. Therefore, our goal is to find 
pharmacological modulators of microglial phagocytosis. Using a high throughput screening strategy in primary 
cultures of microglia, we tested 600 compounds from the Prestwick library, already approved by the Federal 
Drug Administration (FDA) and the European Medicines Agency (EMA) to be used in humans, in an in vitro 
model of phagocytosis. We found a subset of drugs that could be classified as promoters of phagocytosis (pro-
phagocytosis drugs) or inhibitors (anti-phagocytosis). To validate the phagocytosis modulators in a more 
complex system, we used organotypic cultures and confirmed that some compounds promoted phagocytosis, 
while others blocked it. Currently, we are validating the compounds in vivo in two different models: anti-
phagocytosis drugs are tested against physiological phagocytosis of apoptotic newborn cells in the adult 
hippocampal neurogenic niche; pro-phagocytosis drugs are tested against the pathological phagocytosis 
impairment induced in a model of epilepsy by intrahippocampal administration of kainic acid. Considering the 
lack of strategies to modulate phagocytosis, our compounds may represent a new therapeutical strategy to 
restore brain parenchyma homeostasis in pathologies where phagocytosis is impaired or exacerbated. 
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TRESK is a background potassium channel activated by intracellular calcium through the phosphatase 
calcineurin. The channel is highly expressed in distinct populations of primary sensory neurons involved in 
nociception, where it modulates their excitability. We previously described that TRESK ablation induces an 
increase in mechanical and cold sensitivity, and its downregulation after nerve injury has been linked to 
chronic pain. Interestingly, calcineurin inhibition by the drug tacrolimus (FK-506) can induce cold allodynia 
and hyperalgesia in human patients as a side effect. Here, we explore the behavioral effects of tacrolimus and 
the role of TRESK in the modulation of heat and cold sensitivity. First, we proved that the expression of major 
background potassium and TRP channels expressed in primary sensory neurons is not modified by TRESK 
ablation in the TRESK knockout mice model used in our studies. We also found that, in addition to its high 
expression in sensory ganglia, TRESK is also expressed at lower levels in spinal cord, brain, cerebellum and 
hippocampus. Behavioral studies show that, when exposed to a cold ramp, TRESK knockout mice present 
nocifensive behaviors in response to higher temperatures than wild-type animals. Interestingly, only wild-
type male mice treated with tacrolimus present an enhanced sensitivity to cold. To better understand the 
cellular basis of this differences, responses to cold stimuli of different populations of primary sensory neurons 
are under study. TRESK ablation also induces an increase in heat sensitivity in male mice, but not in females. 
Besides, heat sensitivity of female mice is increased after tacrolimus treatment in a TRESK-independent 
manner. In summary, TRESK modulates cold sensitivity and its indirect inhibition by tacrolimus in wild-type 
mice resembles the cold allodynia observed in knockout animals. Given the channel’s role in thermal 
sensitivity modulation and its mainly peripheral expression, TRESK activation is a potential therapeutic 
approach for the treatment of tacrolimus-induced allodynia and hypersensitivity to painful stimuli.
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C-type synapses on motor neurons (MNs) originate from local cholinergic interneurons and display a 
particular postsynaptic ER-related organelle called subsynaptic cystern (SSC). Neuregulin-1 (NRG1) was 
detected close to C-boutons in association with SSCs. As the NRG1 antibody used in these studies cannot 
distinguish different isoforms of NRG1, we took advantage of transgenic mouse lines to examine NRG1 
isoform-specific functions in C-boutons.  
 
We have performed electron and confocal microscope analyses of the MN C-boutons of transgenic mice that 
overexpress NRG1 type I (NRG1-typeI) or NRG1 type III (NRG1-typeIII).   
 
Samples from NRG1-typeIII mice showed NRG1 area that, in contrast with the wt mice, overpass the afferent 
presynaptic limits on the surface of MN cell bodies. We found that these C-boutons were specially enriched 
in sigma-receptor 1, Kv2.1 and M2 muscarinic receptor, with a similar pattern to the expanded NRG1-typeIII. 
However, the number of cholinergic terminals contacting MN somata was not altered. The examination of 
NRG1-typeIII mice by electron microscopy showed an accumulation of abnormally expanded and reduplicated 
SSC-like structure. Regarding NRG1-typeI, the immunostaining for NRG1 also produced a stronger signal at 
the MN surface of NRG1-typeI mice compared with WT. However, in contrast to NRG1-type III mice, the 
vesicular acetylcholine transporter immunostaining revealed an increase in the number and size of 
presynaptic terminals innervating the MN surface. The ultrastructural examination confirmed the presence 
of enlarged presynaptic terminals on the MN soma surface, matching partially with postsynaptic SSC. 
However, the amplified formation of SSC-like was not observed in NRG1-typeI mice. 
 
Altogether, these findings suggest that: 1) NRG1-typeIII acts as a specific organizer of postsynaptic SSC-like 
membrane compartments without a major impact on the C-bouton presynaptic counterpart; 2) NRG1-typeI 
promotes presynaptic C-bouton synaptogenesis with no influence on biogenesis or molecular architecture of 
coaligned SSC. 
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Transcranial direct-current stimulation (tDCS) is a non-invasive brain stimulation technique which involves the 
application of weak electric currents on the scalp. Although previous studies have demonstrated the value of 
tDCS for modulating sensory, motor, and cognitive functions, there are still lacks in our understanding of the 
underlying physiological mechanisms. To evaluate the impact of tDCS on cortical excitability, human 
experiments usually assess motor evoked potentials by motor cortex stimulation, for this reason, we aimed 
to stablish a mouse model of M1-tDCS in order to be able to explore physiological mechanisms of tDCS in 
more detail. 
For this purpose, we performed electrophysiological recordings in M1 of alert mice during and after 
administration of M1-tDCS. Mice were prepared for chronic recordings of neuronal activity in layer 2-3, layer 
5 and layer 6, evoked by stimulation of ventral lateral nucleus of the thalamus (VAL). M1-tDCS was performed 
at different current intensities (50, 100, 200 and 300 µA) for 5 s to test the acute effects on neuronal 
excitability, and for 15 min to analyze neuroplastic effects of the intervention. 
tDCS acutely increased and decreased the amplitude of the VAL-evoked local field potentials (LFP) in a 
polarity- and intensity-dependent manner. We observed an increase of excitability for anodal stimulation, 
and a decrease for cathodal stimulation. This modulatory effect was observed across distinct cortical layers, 
but was more prominent for superficial layers. For 15 minutes of anodal or cathodal tDCS, we observed a 
similar polarity- and intensity-dependent modulation of the VAL-evoked LFP amplitude during stimulation, 
but when tDCS was switched off, only the protocols with higher intensities were able to induce a robust plastic 
effect, showing an increase of LFP amplitudes after anodal and a decrease after cathodal tDCS. 
The current study demonstrates the feasibility of a mouse model of M1-tDCS that resembles the modulatory 
effects of the intervention observed in human experiments, highlighting the importance of properly adjusting 
the tDCS parameters to obtain results translationable to humans.
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Our group was a pioneer in identifying new non-apoptotic roles of caspases-8 and -3/7 in the CNS 
demonstrating a caspase-dependent mechanism governing microglia activation. Our propose is not only to 
continue studies about non-apoptotic roles of caspases in the control of brain inflammation, but to extend 
them to neuronal phenotypes. The aim of the present study was to understand the role of caspase-8 in the 
dopaminergic system. For this reason we have generated a novel animal model with a specific gene deletion 
of caspase-8 within catecholaminergic cells. 
We performed behavioral, molecular and cellular analysis to study the nigro-striatal system in these animals. 
Therefore, we have measured dopamine levels in striatum by HPLC, expression levels of main dopaminergic 
components in substantia nigra by RT-PCR and motor status by behavioral tests. Our results show differences 
in the behavioral tests performed in mice lacking caspase-8. Moreover, we found no differences on mRNA 
expression levels of main dopaminergic proteins but higher levels of dopamine accompanied by an increase 
in the number of dopaminergic neurons by means of stereological studies. All these results could be the cause 
of the changes observed in the behavioral tests. Therefore, our results suggest that this animal model could 
open the field to future studies on the role of caspase-8 on the dopaminergic system, being applicable as a 
model for different brain disease with the dopaminergic system involved. 
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Among all organs, the brain is unique, not only because it consumes 20% of total body glucose, but also due 
to its unique metabolic profile, which appears compartmentalized between astrocytes and neurons. Thus, 
under basal conditions, astrocytes are responsible for most glucose uptake, and its processing into lactate, 
which is then shared with neurons through the astrocyte-neuron lactate shuttle (ANLS). However, there is 
increasing evidence that these metabolic fluxes are modulated in response to neuronal activity. 
Phosphatidyl inositol 3-kinases (PI3Ks) are lipid kinases responsible for the conversion of phosphatidylinositol 
(4.5)-bisphosphate (PIP2) into phosphatidylinositol (3,4,5)-triphosphate (PIP3). PI3Ks are important mediators 
of synaptic plasticity processes. In addition, the PI3K/mTOR pathway is a central hub for the regulation of 
energy balance and cellular metabolism. However, little is known about the function of PI3Ks in neuronal 
metabolism. 
We have addressed this problem using two lines of loxP mice, for the main catalytic subunits of PI3K: p110α 
or p110β. Neuronal specific knock-outs (KO) are generated in the hippocampus of adult animals by injecting 
an adeno-associated virus that expresses the Cre recombinase under the neuron-specific αCamKII promoter. 
Mice injected with saline were used as control.  
Using proteomic approaches, we have observed differential effects of p110α and p110β KO in glycolytic 
enzymes, as well as in proteins related to mitochondrial function. Alterations in mitochondrial function are 
also suggested by changes in mitochondrial morphology, as evaluated by electron microscopy.  
The functional relevance of these changes and the implication of each PI3K catalytic subunit in neuronal 
metabolism and synaptic plasticity will be discussed. 
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Class I Phosphatidylinositol-3-kinases (PI3Ks) constitute a complex family of enzymes formed by a P110 
catalytic (p110α, p110β, p110γ, p110δ) and a P85 regulatory (p85α, p55α, p50α, p55γ, p85β) subunit, with 
important roles in virtually all physiological processes in the body including, synaptic plasticity and cognitive 
function. Synaptic plasticity has a functional component (changes in synaptic strength) and a structural 
component (changes in synapse size, associated to cytoskeleton modifications in dendritic spines). The 
differential interactions and contributions of the PI3K isoforms for these functional and structural aspects of 
synaptic plasticity are still unknown. To address these issues, we have carried out loss-of-function (RNA 
interference) of specific p85 isoforms in rat hippocampal slices. After specific knockdown of p85α or p85β, 
most PI3K complexes are detected as heterodimers of p110 interacting with the alternative p85 isoform. In 
this manner, we can assess the function of p110/p85α versus p110/p85β forms of PI3K. This manipulation is 
associated with changes in PI3K signalling, as reported by phosphorylation of the protein kinase Akt and the 
ribosomal protein S6. In addition, using life imaging experiments in organotypic hippocampal slices, we 
detected changes in structural plasticity after long-term potentiation (LTP) induction, particularly with respect 
to the recruitment of the cytoskeleton proteins actin and cofilin into the dendritic spines. These differences 
had also functional consequences at the level of synaptic potentiation, as evaluated using electrophysiological 
recordings. The molecular aspects of this differential contribution of p85α and p85β to synaptic plasticity will 
also be discussed. 
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Summary 
Microglia are implicated in neurodegeneration, potentially by microglia phagocytosing neurons, but it is 
unclear how to block the detrimental effects of microglia while preserving their beneficial roles. The microglial 
P2Y6 receptor (P2Y6R) – activated by extracellular uridine-5’-diphosphate (UDP) released by stressed neurons 
– is required for microglial phagocytosis of neurons. We show here that injection of amyloid beta (Aβ) into 
mouse brain induces microglial phagocytosis of neurons, followed by neuronal and memory loss, and this is 
all prevented by knockout of P2Y6R. In a chronic tau model of neurodegeneration (P301S tau mice), P2Y6R 
knockout prevented tau-induced neuronal and memory loss. In vitro, P2Y6R knockout blocked microglial 
phagocytosis of live but not dead targets, and reduced tau-, Aβ- and UDP-induced neuronal loss in glial-
neuronal cultures. Thus, the P2Y6 receptor appears to mediate Aβ- and tau-induced neuronal and memory 
loss via microglial phagocytosis of neurons, suggesting that blocking this receptor may be beneficial in 
neurodegenerative diseases. 
 
Keywords: Microglia, phagocytosis, neurodegeneration, P2Y6 receptor, memory deficits, Alzheimer’s disease, 
cell death. 
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RASopathies are the most common type of neurodevelopmental disorders, affecting approximately 1 in 1000 
individuals.  Ras proteins are small GTPases that can act as a molecular switch with its downstream effectors, 
such as PI3K/Akt or MAPK/Erk pathways. Both, Ras and its effectors are essential regulators of cell 
proliferation, differentiation and survival. In addition, they have been related with synaptic plasticity events, 
key processes for learning and memory. It is known that Ras, PI3K/Akt and MAPK/Erk pathways are required 
for long term potentiation; however, the role of Ras in long-term depression induced by metabotropic 
glutamate receptors (mGluR-LTD) is still controversial but clinically relevant, especially for Costello Syndrome 
or SynGAP-deficient patients. 
To address this question we generated a collection of Ras mutants and produced Sindbis virus to infect rat 
hippocampal organotypic cultures used for electrophysiological recordings and biochemical experiments. To 
monitor protein synthesis, we used SUnSET assay, a non-radioactive method based on the use of puromycin. 
We also optimized a FRET system in our organotypic cultures to monitor Ras activity using live imaging 
techniques. Firstly, using this FRET system, we observed that Ras activity increases upon chemical mGluR-LTD 
induction (DHPG 100μM stimulation) in dendritic spines. Subsequently, to elucidate if Ras is required for 
mGluR-LTD we occluded Ras activity using a dominant negative form which prevented the synaptic 
depression, measured electrophysiologically. Blocking Ras activity with this mutant also prevented the 
increase in pErk levels and in protein synthesis upon chemical mGluR-LTD induction compared to control 
infected slices. To sum up, Ras activity is required for mGluR-LTD, mediating the increase in Erk signaling and 
in protein synthesis.  
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G protein-coupled receptors (GPCRs) modulate the synaptic glutamate and GABA transmission of the 
claustrum. The work focused on the transmitter-receptor relationships in the claustral catecholamine system 
and receptor-receptor interactions between, dopamine D2 receptor (D2R), kserotonin 5HT2A receptor 
(5HT2AR), neurotensin NTS1 receptor (NTS1R), kappa opioid receptors (KOR) and SomatostatinR2 (SSTR2) in 
claustrum. Methods used involved immunohistochemistry and in situ proximity ligation assay (PLA) using 
confocal microscopy. Double immunolabeling studies on dopamine (DA) D1 receptor (D1R) and tyrosine 
hydroxylase (TH) immunoreactivities (IR) demonstrated that D1R IR existed in almost all claustral and dorsal 
endopiriform nucleus (DEn) nerve cell bodies, known as glutamate projection neurons, and D4R IR in large 
numbers of nerve cell bodies of the claustrum and DEn. However, only a low to moderate density of TH IR 
nerve terminals was observed in the DEn versus de few scattered TH IR terminals found in the claustrum. 
These results indicated that DA D1R and D4R transmission in the rat operated via long distance DA volume 
transmission in the rat claustrum and DEn to modulate claustral-sensory cortical glutamate transmission. 
Large numbers of these glutamate projection neurons also expressed, 5-HT2AR, NTS1R, KOR and SSTR2 which 
formed 5HT2AR-D2R, D2R-NTS1R, and KOR-SSTR2 heteroreceptor complexes using PLA. Such receptor-
receptor interactions can finetune the activity of the glutamate claustral-sensory cortex projections from 
inhibition to enhancement of their sensory cortex signaling. This can give the sensory cortical regions 
significant help in deciding on the salience to be given to various incoming sensory stimuli.
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Unveiling the brain’s map of connections has become one of our times' great current scientific challenges. 
For this purpose, we have developed a tracer tool within the software package Espina. In the present study, 
we have traced the skeletons of all the axons and dendrites. We have connected each skeleton with the 3D 
reconstruction of the synapses related to them.  
 
Three male C57 mice were sacrificed at postnatal week 8. The brain was then extracted from the skull and 
processed for electron microscopy. Three-dimensional brain (neuropil) tissue sample from layers 1 (L1) and 3 
(L3) of the somatosensory cortex (hindlimb representation) and another one from stratum radiatum (SR) of 
hippocampal CA1 were obtained using focused ion beam milling and scanning electron microscopy (FIB/SEM). 
Synaptic junctions were visualized, identified (excitatory/inhibitory), and segmented in 3D with Espina 
software. The axons and dendrites involved in establishing the synapses were then followed and traced 
through the stack of images. 
 
In spiny dendrites, the linear density of synapses was higher in the SR (more than 3 synapses/µm) than in L1 
and L3 (less than 2 synapses/µm). Most synapses were established on dendritic spines, although around 4% 
of spines did not establish synapses. In dendrites that lack spines, the mean density of synapses was also 
higher in the SR than in L1 and L3. The excitatory axons established more synapses per micron in the 
hippocampus (0.63 synapses/µm) than axons from the somatosensory cortex (0.46 and 0.41 synapses/µm in 
L1 and L3, respectively). However, the inhibitory axons had a similar linear density of synapses in all the 
regions studied (between 0.38 and 0.43 synapses/µm). 
 
Each region manifests structural parameters that make them different from other regions. Dendrites and 
excitatory axons from the hippocampus have a higher density of spines and synapses than those from the 
somatosensory cortex. However, the inhibitory axons showed similar synaptic densities in all the samples. 
The tracer tool developed allows in-depth characterization of the connectome from brain samples. 
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Information processing in the brain depends on the dialog between different regions orchestrated by 
oscillatory activity, especially theta (4-12 Hz) and gamma rhythms (30-100Hz). Clinical and basic research has 
confirmed a strong relationship between cognitive impairment and distortion of these rhythms in 
Schizophrenia. It is hypothesized that these oscillopathies originate from alterations of the excitatory-
inhibitory (E-I) balance. Therefore, unveiling the relationship between brain rhythms and cognition is crucial 
for understanding the cognitive manifestations of Schizophrenia. In this work, we aimed to investigate how 
changes in the E-I balance might reproduce rhythm and behavioral alterations. We used a mouse 
pharmacological model of schizophrenia, administering MK801 to adult wild-type mice, an NMDAr blocker 
known to alter interneuron and pyramidal activity. Mice were implanted with microdrives mounting tetrodes 
aimed to the dorsal hippocampus and medial prefrontal cortex (mPFC). Then brain activity was recorded while 
mice performed spontaneous exploration in an open field, and while testing working memory in the y-maze, 
after the administration of MK801 or vehicle. Our results proved that NMDAr blocking exerts differential 
effects in the oscillatory activity of the hippocampus and the mPFC. While in CA1 and subiculum MK801 
produced an increase in gamma oscillations and a distortion of theta/gamma coupling, mPFC activity was 
characterized by an augmentation of theta, gamma and emergence of high frequency oscillations (HFO, 155-
185 Hz). Interestingly HFO in the mPFC was strongly modulated by local theta activity. In addition, we 
observed an increase in CA1-mPFC coherence in the delta and alpha band, changes in locomotor behavior, 
defective place cell function and impaired working memory in the y-maze. We observed that CA1 
theta/gamma modulation was enhanced during right alternation in the y-maze, but none of the oscillatory 
changes produced by MK801 could predict performance in the y-maze. 



 

PS2-28 
Age-dependent neural coding in the basal forebrain during a Pavlovian task 
Dr. Sergio Martinez Bellver1,2, Anna Velencei2, Dr. Nicola Solari2, Claire-Hélène de Belval3, Dr. Balazs Hangya2 

1University Of Valencia, Valencia, Spain, 2Institute of Experimental Medicine, Budapest, Hungary, 3Ecole Normale 
Supérieure, Paris, France 
 

Acetylcholine mediates multitude of cognitive functions including arousal, attention, sensory processing, 
reinforcement expectation, reward and addiction. The basal forebrain cholinergic input to the cortical mantle 
plays a central role in these modulatory processes. Age-related changes in the morphology of cholinergic 
neurons has been observed across species, characterized by dendritic, synaptic, and axonal degeneration. 
However, the link between cholinergic activity during learning and the normal or pathological age-related 
neurodegeneration is still missing. 
To clarify the role of the basal forebrain neurons in learning during the normal aging process, we performed 
neuronal recordings in the nucleus of the horizontal limb of the diagonal band, in head-fixed ChAT-cre mice 
during an auditory cued-outcome task. Animals from 3 to 18+ months of age were injected with an adeno-
associated virus carrying channelrhodopsin-2, transfecting cholinergic neurons, allowing us to optically tag 
them. 
Animals showed decreased anticipatory licking correlated with aging, being old animals less likely to lick 
during reward-predicting trials, compared to young ones. Surprisingly, tagged cholinergic neurons in the 
young animals seemed to respond to the reward but not punish-related cue, whereas in the old animals no 
response to tone was observed. Additionally, both punishment and reward activated part of the recorded 
neurons in all the animal groups, while only from 12+ months these contingencies had an inhibitory effect on 
the cell population. 
We additionally performed fiber photometry experiments with a fluorescent sensor in order to determine 
the cholinergic influx over basolateral amygdala. Results  showed a similar pattern to that observed in the 
basal forebrain cholinergic neurons. 
These changes in coding of outcome contingencies of basal forebrain neurons can reflect the ongoing 
degenerative process or even be the cause, at least partially, of the learning deficits observed during natural 
aging.



 

PS2-29 
Dopaminergic blockades decrease physical exercise maintenance response. 
Mr. Daniel Garrigos1, Mr. Alberto Barreda1, Dr. Marta Martínez-Morga1, Dr. Angel Toval1, Mr. Yevheniy 
Kutsenko1, Dr. Kuei Y. Tseng2, Dr. José Luis Ferrán1 

1University Of Murcia, Murcia, Spain, 2University of Illinois at Chicago, Chicago, United States 
 

The motor responses during physical activity are the result of a hierarchically arranged central nervous system 
circuits. Motor programs planned in the prefrontal cortex, are refined in different cortical and subcortical 
circuits. Finally, the motor output arrives to the spinal cord, the first layer in the hierarchy of muscle control. 
One key aspect of the circuits involved in motor control is that they are modulable. In previous studies we 
determined that the physical capacity, measured as the maximal response during an incremental test, is 
dependent of D1 striatal and D2 extra-striatal actions in Sprague-Dawley rats. Here we want to determine the 
role of dopaminergic antagonists in physical activity maintenance responses.  
 
For that aim, we first defined a model of physical activity maintenance that consisted in performing three 
incremental tests after a habituation protocol to forced wheel exercise, each one separated with three days 
with an active rest session to maintain the performance throughout the tests. In the second test, we 
administered a D1-like receptors antagonist (SCH23390) in a dose of 0.1 mg/kg intraperitoneally or saline 
(Sodium Chloride 0.9%).  
 
Sprague Dawley rats administered with D1 SCH23390 (0,1mg/kg) antagonist decreased the performance in 
the second test compared to the first and third ones (Test 1: 25.39±4.58 min.; Test 2: 5 min. (SCH23390, 
p<0.05) and 23.06±6.42 min. (Saline); Test 3: 25.42±3.4 min.). Rats injected with saline were able to maintain 
the performance throughout the incremental tests. Rats injected with SCH23390 significantly decreased their 
performance in the second test but recovered performance in the third test. This suggests that a habituation 
protocol and active rests between tests allow the maintenance of the performance and that the dopaminergic 
system is involved in the maintenance response. Finally, our model significantly reduces the number of 
experimental animals. 
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Obsessive Compulsive Disorder (OCD) is a severe, chronic, and ubiquitous neuropsychiatric disorder that 
affects 2-3% of worldwide population. A cortico-striatal dysfunction is considered a major factor in OCD 
pathogenesis. However, integration of other brain structures is necessary to generate a satisfying explanatory 
model of OCD pathophysiology and symptom generation. It has been reported in Sapap3 knockout (KO) 
mouse, a well-validated model of compulsive-like behavior, that striatal region receives increased levels of 
synaptic inputs coming from the secondary motor area (M2). M2 is thought to be homologous to the 
Supplementary Motor Area in humans, an area showing hyperactivity in OCD patients. SAPAP3 is a scaffolding 
protein of the glutamatergic synapses, predominantly expressed in the striatum and cortical areas, whose 
absence has been associated with obsessive compulsive-spectrum disorders. The Sapap3 KO mouse shows a 
decrease in parvalbumin-positive (PV+) interneurons in the striatum. The relationship between the absence 
of SAPAP3 and the reduction in PV+ cells is still unknown, but it has been proposed that a cortical disinhibition 
in OCD patients due to GABAergic deficits could be linked to its pathogenesis. Therefore, we study, using a 
combination of in vitro and in vivo 2-photon experiments, the cortical GABAergic circuitry involving PV+ 
interneurons in the premotor area (M2). We have developed a Sapap3 null mouse line that express td-Tomato 
under control of the PV promoter. Preliminary results, using electrophysiological recording in brain slice 
preparation, show increased input resistance, decreased rheobase and increased firing frequency gain. All 
together indicate that PV+ interneurons are hyperexcitable. In vivo calcium imaging experiments in awake 
animals are in progress to confirm the hyperexcitability of PV+ neurons, and how the excitatory network is 
affected. 
 
We are grateful to C. Cabrera Romero for excellent technical assistance. Supported by: RyC-2016-19906, 
PRE2019-087729 (MCI/AEI/FSE, UE), VI PPIT-US and US-1264432 (US/JUNTA/FEDER, UE).  
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A large region of the mouse dorsal and medial frontal isocortex is commonly labeled ‘motor’. As such, this 
region is often compared with premotor and motor areas of the primate brain. However, the published 
histological and electrophysiological data in rodents provide ambiguous and often conflicting evidence for 
delineation of individual areas. Since multiple thalamic nuclei innervate the motor cortex, fine quantitative 
differences between mouse motor cortex regions in the thalamocortical input composition and/or 
intracortical distribution could provide an independent and consistent reference for area delineation, as well 
as for cross-species comparisons. 
 
To map and quantify thalamus neurons innervating different motor cortex regions in the adult C57BL/6 
mouse, we microinject in cortex retrograde tracers (Fast Blue and choleratoxin B conjugated with 
fluorochromes, CTB-Alexa) and use cytochrome oxidase activity to help in cortical layer and nuclei delineation. 
We calculate the percentage of labeled cells in each nucleus within all labeled cells in each case and compare 
then between cases. In subsequent experiments, the tangential/laminar convergence/divergence of these 
multiple pathways will be analyzed using micropopulation and single-cell anterograde labeling methods. 
 
Our preliminary data show that, in all points explored, the most numerous sources of thalamic innervation 
comes from VM (ventromedial nuclei) and the complex VAL (ventral anterior-lateral nuclei), to a lesser extend 
from the posterior, intralaminar nuclei and the midline nuclei. Our data also reveal a remarkable 
heterogeneity in the set of nuclei whose projections converge at different points in the cortex, in addition to 
a complex topography within each nucleus. All of this supports the idea that the analysis of thalamic 
connections can provide valuable data for the consistent delineation of functional domains in the motor 
cortex of the mouse. 
 
European Union's Horizon 2020 (HBP SGA3 GA 945539) and Ministerio de Economía y Competitividad /Fondo 
Europeo para el Desarrollo Regional (MINECO/FEDER) BFU2017-88549. 
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The interaction of bacteria with various somatic cell types is an exciting emerging field. Despite the known 
effects of microbiota on the gut-brain axis, very little is known about the direct interactions that bacteria 
could have with neurons, both in terms of molecular mechanisms and information transfer. Here, we show 
how bacteria and neurons can be cultured together, and demonstrate a novel integrated platform that 
facilitates the analysis of neuronal-bacteria communication. Using optical (calcium signaling) real-time 
readouts, we show that neurons react to the nearby presence of bacteria, and that this response depends on 
the bacterial species and density. Thus, neurons sense the presence, type, and amount of bacteria, and can 
readily be interrogated in the living state to extract information about aspects of their microbial 
microenvironment. In addition, by fitting the bacterial-induced neuronal experimental data to a differential 
equation model, we ascertain Gompertzian parameters that can be used to predict neuronal response to 
bacteria presence as a function of time.  Our proof-of-principle data in this highly tractable platform reveal 
crosstalk mediated by electrical and chemical signals and illustrate a novel example of cross-kingdom 
communication between highly diverse cell types. The ability to eavesdrop on information passing between 
these two very different levels of biological organization will facilitate insight into evolutionary cell biology 
and could impact the understanding of brain-bacteria communication for diagnosis of neuronal states in 
health and disease. 
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Transcranial direct current stimulation (tDCS) is a technique extensively used in the clinical realm to modulate 
cortical activity. tDCS has been suggested, among other applications, to induce suppression of epileptiform 
activity. However, the understanding of the mechanisms underlying tDCS neuromodulation over cortical 
dynamics is still limited. The goal here was to explore how DC fields modulate both pre-epileptic and 
epileptiform cortical activity in vitro, and their effects over the different components of cortical emergent 
activity.  
We applied exogenous constant electric fields (EF) (between -5 and +5 V/m)  to in vitro ferret cortical slices 
expressing slow oscillatory activity under control conditions and following the administration of bicuculline 
methiodide (BMI), a GABAA receptors antagonist. The blockade of GABAA inhibition resulted in the 
emergence of pre-epileptic discharges and, eventually, full-blown epileptiform discharges. 
The frequency of epileptiform bursts was linearly modulated along the range of EFs used. The modulation 
was mainly exerted over the silent periods, that elongated for larger negative amplitude of the EFs, eventually 
reaching a complete suppression of epileptiform discharges. The duration of the bursts was hardly modulated 
by the EFs used, but their firing rate was. Interestingly, both positive and negative fields decreased firing rates, 
albeit probably by different mechanisms which will be discussed. As reported, the linear modulation of the 
frequency of bursts differs from the exponential modulation reported for the frequency of spontaneous (non-
epileptic) Up states (D’Andola et al, bioRxiv, 246819, 2018), illustrating how the lack of inhibition decreases 
the range of flexibility of network responses. 
Our results confirm that DC stimulation at the investigated intensities can modulate not only physiological 
but also disinhibited and more synchronous epileptiform activity, even reaching the silencing of full-blown 
epileptiform discharges. The present model might be useful to better understand the neuromodulation 
mechanisms of tDCS in the treatment of epilepsy patients.
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Anxiety and depression are the most prevalent neuropsychiatric disorders in Parkinson’s disease (PD) 

population (≃50%), often preceding the appearance of motor symptoms. Neuropathological and 
neurochemical changes in the serotonin (5-HT) system occur during PD prodromal phase and contribute to a 
variety of non-motor symptoms. However, anxiety/depression brain circuits in PD are not known in detail. In 
this study, we hypothesized that synaptic impairments occur in the early stages of the disease onset before 
the neuronal cell loss. Dysregulating the synaptic junction would block neurotransmitter release, thus 
triggering a retrograde neurodegenerative process ending with neuronal cell loss by proceeding through the 
axons. We aimed to study whether synaptic density and functional connections are affected by α-synuclein 
accumulation in efferent brain regions from 5-HT raphe nuclei in the early stages of a depression/PD-like 
mouse model. We overexpressed human wild-type or A53T mutant α-synuclein (WTα-Syn and A53Tα-Syn, 
respectively) in 5-HT neurons using AAV vectors and two different synaptic markers, microtubule-associated 
protein 2 (MAP-2) and synaptic vesicle glycoprotein 2A (SV2A) were examined 4 and 8 weeks later. Mice 
overexpressing WTα-Syn showed progressive reductions of MAP-2 levels in different 5-HT-innervated cortices 
(e.g. prelimbic, infralimbic, cingulate and motor cortices), caudate putamen and different sub-fields of 
hippocampus. In parallel, WTα-Syn mice also showed an accumulation of SV2A protein in cingulate and motor 
cortices, and caudate-putamen. In addition, changes of MAP-2 and SV2A synaptic markers were also found in 
different 5-HT projection brain areas of A53Tα-Syn mice, although these changes were of greater magnitude. 
Brain functional activity was examined in these mice using rsfMRI and early gene zif628 expression. 
Altogether, these data suggest that changes in the density of MAP-2 and SV2A synaptic markers linked to α-
synuclein-induced axonal pathology lead to reduced 5-HT neurotransmission evoking a depressive 
phenotype, and these effects precede neurodegeneration. 
Financial support: SAF2016-75797-R, PID2019-105136RB-100 (MINECO-ERDF)
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Vomeronasal information plays a key role in rodents’ individual recognition. This particular type of 
information could be integrated into the spatial context encoded in the hippocampus, thus constituting the 
neural substrate of the individual's integration into the cognitive map. Hence, pheromonal coding could 
represent the “who” component of episodic memory. In this work we describe an amygdalo-entorhino-
hippocampal circuit from which vomeronasal stimuli may integrate into hippocampal processing. Through 
tract-tracing methods we demonstrate a glutamatergic reciprocal connection between the accessory 
olfactory bulbs and the posteromedial cortical amygdala (considered as the primary vomeronasal cortex), as 
a first potential nucleus for pheromonal information relay. To elucidate the connections from the 
vomeronasal amygdala to the dorsal hippocampus, the retrograde tracer FluoroGold was injected in the 
dorsal CA1 and the anterograde tracer TBDA (dextranamines labelled with biotin and rhodamine) in the 
primary vomeronasal cortex. Since no direct connection was found, we looked for areas where convergent 
retrogradely labelled cells and anterogradely labelled fibres were present. We found a restricted population 
of reelin-positive neurons retrogradely labelled in the dorsolateral entorhinal cortex layer II, where 
anterogradely labelled fibres with glutamatergic synaptic boutons were also present. To confirm this 
amygdalo-entorhinal pathway, retrograde tracer was injected in the dorsolateral entorhinal cortex. The 
results show that all the anteroposterior extent of the vomeronasal cortex projects to the dorsolateral 
entorhinal cortex, which in turn relays the pheromonal information to the dorsal CA1. Thus, we suggest that 
this circuit is the neural substrate of territorial behaviour in rodents, as well as the circuit allowing the 
integration of social and spatial information, that is, the “who” and “where” components of the episodic 
memory. 
 
Funded by the Spanish Ministry of Science and Innovation-FEDER (PID2019-108562GB-I00). M.E. Vila-Martin 
is a predoctoral fellow of the “Atracció de Talent” program of the University of Valencia, and this work is part 
of his PhD. 
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Recent studies involving complex working memory (WM) tasks or tasks with distracting inputs have suggested 
that stimulus representations before and after distractors are orthogonal, thus allowing for the protection of 
stimulus information from interferences. However, whether ”orthogonalization” is a general mechanism for 
WM preservation remains an open question. Moreover, the specific network mechanisms that could allow 
for such an orthogonalization are unknown. Here, we investigated orthogonalization as an instrument of WM 
control on calcium imaging data from the medial prefrontal cortex (mPFC) in a novel olfactory dual-task - the 
ultimate WM interference condition - in behaving mice. The dual-task consists of an outer delay-paired 
association task (DPA) combined with an inner Go-NoGo task. We studied how the representation of the 
sample stimulus of the DPA was affected by presenting the Go/NoGo cue of the inner task. Specifically, we 
examined how sample information is transformed during the delay period of the dual-task, focusing on 
inferring low-dimensional coding directions to evaluate orthogonality between WM representations at 
different epochs of the delay period of the outer task. We found a significant change in the directions 
representing DPA sample information before and after the Go/NoGo cue. This result indicates a rotation of 
the representation of sample information in the early delay period into an orthogonal representation in the 
late delay. To probe that mPFC plays an essential role in this mechanism, we investigated how memory 
storage was related to animal behavior. We found that memory rotation strengthens with learning. 
Altogether, our results suggest that rotation of WM representation in mPFC is a fundamental mechanism for 
maintaining WM information in the face of interfering distractor tasks. Finally, we give a mechanistic account 
of mPFC WM rotations in a network model of strongly recurrent neurons with low-rank connectivity structure. 
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Sirtuin 2 (SIRT2) has been associated to aging and age-related pathologies. Specifically, an age-dependent 
accumulation of isoform 3 of SIRT2 in the Central Nervous System has been demonstrated; however, no study 
has addressed the behavioral or molecular consequences that this could have on aging. In the present study, 
we have designed an adeno-associated virus vector (AAV-CAG-Sirt2.3-eGFP) for the overexpression of SIRT2.3 
in the hippocampus of 2 month-old SAMR1 and SAMP8 mice. Our results show that the specific 
overexpression of this isoform does not induce significant behavioral or molecular effects at short or long 
term in the control strain. Only a tendency towards a worsening in the performance in acquisition phase of 
the Morris Water Maze was found in SAMP8 mice, together with a significant increase in the pro-
inflammatory cytokine Il-1β. These results suggest that the age-related increase of SIRT2.3 found in the brain 
is not responsible for induction or prevention of senescence. Nevertheless, in combination with other risk 
factors, it could contribute to the progression of age-related processes. Understanding the specific role of 
SIRT2 on aging and the underlying molecular mechanisms is essential to design new and more successful 
therapies for the treatment of age-related diseases. 
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In rodents, the hippocampal dentate gyrus gives rise to newly generated dentate granule cells (DGCs) 
throughout life. This process, named adult hippocampal neurogenesis (AHN), converges in the functional 
integration of mature DGCs into the trisynaptic hippocampal circuit. Environmental enrichment (EE) is one of 
the most potent positive regulators of AHN. This paradigm includes the combination of three major 
stimulatory components, namely increased physical activity, constant cognitive stimulation, and higher social 
interaction. In this regard, the pro-neurogenic effects of physical activity and cognitive stimulation have been 
widely addressed in adult rodents. However, the pro-neurogenic potential of the social aspect of EE remains 
unexplored. 
 
Here we tackled this question by studying the effects of a prolonged period of social enrichment (SE) in adult 
female C57BL6 mice. To this end, 7-week-old mice were housed in groups of 12 per cage for 8 weeks. These 
mice were compared with others housed under control housing (2–3 mice per cage) or EE (12 mice per cage 
plus running wheels and toys) conditions during the same period. We analysed the number and morphology 
of Doublecortin-expressing (DCX+) immature DGCs. Moreover, we used RGB retroviruses, which allow 
labelling three populations of newborn DGCs of different ages in the same mouse, to study DGC maturation, 
and performed and behavioural determinations. 
 
Both SE and EE similarly increased the number and morphological and dendritic maturation of DCX+ immature 
neurons and newborn DGCs of different ages. Moreover, both manipulations increased exploratory behaviour 
in the Social Interaction test. Therefore, our data revealed the potent neurogenesis stimulating potential of 
SE in the absence of any further cognitive stimulation or increase in physical activity. Given that therapies 
based on increased physical activity may be strongly discouraged under certain pathological circumstances, 
our findings may be relevant in the context of enhancing AHN via physical activity-independent mechanisms. 
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During lactation, male-derived chemosensory signals produced by males induce aggression in adult female 
mice. However, pup-sensitized virgin females, which share pup care with the dams, are not aggressive against 
male intruders. The genetic mechanisms underlying the switch from attraction to aggression are still 
unknown. In this work, we investigate whether gene expression in the medial amygdala, a key nucleus in the 
integration of chemosensory and hormonal information, differs between aggressive lactating females and 
non-aggressive pup-sensitized virgin females. To do so, we performed a RNA-sequencing study. Our data 
reveals that 197 genes are upregulated in dams, among which we find genes encoding hormones such as 
prolactin, growth hormone, or follicle-stimulating hormone, neuropeptides such as galanin, oxytocin and 
proopiomelanocortin, and genes related to catecholaminergic and cholinergic neurotransmission. By 
contrast, 99 genes are downregulated in dams, including those encoding inhibins and transcription factors of 
the Fos and early growth response families. The gene set analysis revealed numerous Gene Ontology 
functional groups with higher expression in dams than in pup-sensitized virgin females, including the group 
of genes related with the regulation of the Jak/Stat cascade and the negative regulation of the ERK1 and ERK2 
cascade. Interestingly, we found several genes encoding olfactory and vomeronasal receptors expressed in 
the medial amygdala, although no differences in expression were observed between dams and virgins. Our 
results reveal many gene expression changes in the medial amygdala, previously unknown, which may 
underlie the behavioural changes observed in lactating females in relation to conspecific males. 
 
KEY WORDS: vomeronasal amygdala, RNA-Sequencing, aggression, prolactin, transcriptome, maternal 
behaviours, females. 
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Galanin (GAL) interacts with Neuropeptide Y Y1 receptors (NPYY1R) in several regions of the central nervous 
system associated with mood and motivation, through GAL receptor 2 and NPYY1 receptor 1 (GALR2/NPYY1R) 
heterodimers. The current work is to evaluate GALR2 and NPYY1R interactions concerning newborn cell 
proliferation in the ventral and dorsal hippocampal Dentate Gyrus. 
Rats (n = 6-8 per group) were randomly assigned to the groups. Each group received i.c.v. injections of artificial 
Cerebro Spinal Fluid (aCSF), GAL or NPYY1R agonist [Leu31,Pro34]NPY alone or in combination and 24 h later 
rats were subjected to a 5-min swimming session (test). A different set of rats received ip injections of BrdU 
50mg/Kg at 2 and 4 hours after icv injections. 24 hours later brains collected for immunostaining to evaluate 
cell proliferation. 
We observed that the icv injection of GAL and NPYY1R agonist significantly enhanced the decrease in the 
immobility and the increase in the swimming behavior compared with the NPYY1R agonist alone. 
Furthermore, GALR2 is involved in this GALR/NPYY1R interaction, since the presence of the GALR2 antagonist 
M871 counteracted all the parameters. In parallel, coadministration of GAL and NPYY1R agonist increased 
BrdU-labeled cells located in the SGZ compared with aCSF, GAL and the NPYY1R group. Similar results were 
observed in dorsal hippocampus.  
Our results may provide the basis for the development of heterobivalent agonist pharmacophores, targeting 
GALR2/NPYY1R heteromers, especially in the neuronal precursor cells of the dentate gyrus in the 
hippocampus for the novel treatment of depression or cognitive impairments.   
Study supported by Proyecto UMA18- FEDERJA-100, Proyecto Puente-Universidad de Málaga, proyecto 
jóvenes investigadores UMA to MNP. 
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In front of a stimuli organisms from the same species tend to behave apparently similar, tending to show 
similar types of choices, but some aspects of the behavior can display huge variability among individuals. That 
phenotypic variation emerges from the combination of gene function and developmental factors, including 
experience, that may impact on the survival of the organisms in the environment. A behavior of particular 
interest is the ability of animals to differentiate properly the nutritious from the poisonous food as it is key 
for their survival. Interestingly, feeding behavior shows great variability between individuals and in addition, 
the behavioral responses are clear and easy to measure, making it an ideal model where to study the genetic 
basis of animal personality and stochastic behavior. For the present study we have used a collection of inbred 
lines, Global Diversity Lines (GDL), to address the genetic basis of feeding variation among individuals by 
analyzing the feeding microstructure at individual and collective context with different behavior assays. We 
have found that variation among GDL lines from the same population is lower than between GDL lines from 
different populations. Further, there are specific lines that show higher sensitivity to sucrose measured with 
Proboscis Extension Reflex (PER) which is also correlated with higher feeding activity according to two-choice 
feeding assays (FlyPad). These findings suggest that there is a positive correlation between sensitivity to 
sucrose and two-choice activity, and that specific genetic background is responsible for this behavior, which 
vary more between populations than within lines from the same population. 
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Major depressive disorder (MDD) is one of the main causes of disability worldwide. Its etiopathology is still 
unknown, but several hypotheses have been proposed. The matrix metalloproteinase 9 (MMP-9) is 
overexpressed in plasma of depressive patients and its levels are restored after chronic treatment with 
antidepressant drugs. Therefore, the aim of this work is to characterize the behavioural phenotype of 
transgenic MMP-9 mice in tests related to anxiety/depression-like behaviour. 
 
In this work, we used MMP-9 knockout (MMP-9 KO) and MMP-9 overexpressing (MMP-9 OE) male and female 
mice, and their corresponding wild types (WT) counterparts, 2-3 months old. To characterize the transgenic 
mice phenotype, a battery of depressive- (social interaction and tail suspension test) and anxiety- (open field 
and novelty-suppressed feeding test) like behavioural tests were assessed. 
 
On the one hand, MMP-9 KO male mice spent more time, both, in the centre of the open field test and the 
interaction zone of the social interaction test than the WT male mice. MMP-9 KO female mice spent less time 
in the centre of the open field and presented less immobility time in the tail suspension test. On the other 
hand, MMP-9 OE male and female mice had an increased latency to feeding than their WT counterparts in 
the novelty-suppressed feeding test. Moreover, MMP-9 OE female mice spent more time in the centre of the 
open field test. 
 
In conclusion, the levels  of  MMP-9 had a different impact in  the behavioural phenotype sex-dependent. 
MMP-9 KO mice do not present a depressive-like phenotype. Nevertheless, MMP-9 KO male mice have less 
innate anxiety, while females are more anxious. In contrast, MMP-9 OE mice have a depressive-like 
phenotype, while MMP-9 OE male mice present increased innate anxiety and MMP-9 OE females show less 
innate anxiety.
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Alzheimer's disease (AD) is characterized by the brain presence of amyloid beta plaques, increased amyloid 
precursor protein (APP) and neurofibrillary tangles and courses with progressive behavioural alterations 
including cognitive and socio-affective dysfunctions. Although AD cause a huge impact on patient daily life 
representing the most common form of dementia, current treatments for AD only provide symptomatic relief. 
There is the need to better understand the brain mechanisms leading to this devastating disease. In this sense, 
alterations of the endocannabinoid system (ECS) have been found in animal models and human patients, and 
its modulation has been proposed as a new therapeutic avenue for the treatment of this disease.  
In this study, we combined the APP/PS1 mouse model of AD with a pharmacological intervention at 3 months 
of age using the CB1 receptor cannabinoid agonist ACEA under a regimen of 21 consecutive days. At 4, 6, 9 
and 12 months of age we performed a complete sex- and age-dependent behavioural characterization 
(cognition, social-related behaviours, depressive and anxiety-like states). In addition, we also performed an 
age-, sex-, brain-region- and cell-type specific characterization of the ECS and some related mechanisms.   
APP/PS1 male mice showed cognitive deficits from 6 months of age that are maintained until 12 months of 
age. This cognitive impairment was not observed in APP/PS1 female mice. Interestingly, ACEA chronic 
treatment reversed the cognitive alterations observed in male mice. In addition, we have found sex- and brain 
region-dependent alterations on different ECS components at asymptomatic stages (3 months of age).  
Altogether, this project provides compelling evidence on the importance of sex, age and brain locations when 
studying a complex brain disorder such as AD. Indeed, our results suggest the presence of gender differences 
in AD and reaffirm that cannabinoid drugs could be a beneficial therapeutic avenue for this brain disorder. 
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Recent actions and their outcomes can generate expectations that guide upcoming choices, but the 
underlying neural circuits have yet to be specified. We hypothesized that the associative striatum (i.e. DMS) 
is well positioned to support such cognitive function, and hence designed a task and manipulation that would 
allow us to differentiate it from the role of striatum in motor control. To promote the use of expectations, we 
used a two-alternative auditory discrimination task with serial correlations in the stimulus sequence. A 
generalized linear model confirmed that rats leverage on the recent history of rewarded responses to 
estimate the next correct choice when evidence is ambiguous, referred to as the transition bias. We virally 
expressed the opsin stGtACR2 in DMS projection neurons to silence their somata in the millisecond scale. 
Bilateral photostimulation during the inter-trial interval (ITI; ~ 20% trials), i.e. before stimulus onset, markedly 
reduced the transition bias compared with light-off trials. In contrast, ITI inhibition had no effect after an error 
response when rats temporarily waived trial history, consistent with a cognitive effect of inhibition. Notably, 
ITI inhibition increased or decreased response accuracy depending on the congruence of the trial with the 
serial correlation, but independently of response time. Strikingly, unilateral ITI inhibition was equally effective 
at ablating transition bias for ipsi- and contralateral responses, clearly departing from the ipsiversive effect of 
unilateral inhibition during action selection. Together, our new findings change the current view of the DMS, 
and provide a starting point to dissect the circuits subserving rule-based expectations. 
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Proper social interaction with others, conserved cognitive abilities and a good motor coordination are crucial 
functions for our everyday life. Deficits in all these behavioural processes have been described in many 
neurodevelopmental disorders such as Down syndrome (DS). Although most of these abnormalities have a 
more profound impact in the daily functioning, more attention should be given to find potential therapeutic 
strategies to diminish their consequences. Several studies point the gut microbiota to play an active role in 
cognitive functions and social domains through the regulation of the gut-brain-axis (GBA).  For this reason, 
we hypothesize that some cognitive and social alterations in DS individuals may be modified by modulating 
the GBA. In this work, we supplemented Ts65Dn mice, an accepted mouse model of DS, with a synbiotic 
treatment before gestation and, at 8 weeks old mice, we performed several behavioural paradigms to assess 
motor coordination (beam walking), cognitive functions (novel object recognition) and social functions using 
the three-chamber task and the affective state discrimination test (ASD). Our results suggest that Ts65Dn 
mice present sex-dependent changes in sociability and that a synbiotic treatment is able to reverse these 
phenotypes. Interestingly, we also show for the first time that Ts65Dn mice present a deficit in emotional 
recognition in the ASD test, since they are not able to discriminate between a negatively affected mouse and 
a neutral mouse. Strikingly, this phenotype can be rescued with synbiotic supplementation only in male mice. 
Overall, this study showed novel behavioural phenotypes in a mouse model of DS and suggests that the 
dietary modulation of the GBA could emerge as a promising therapeutic strategy to improve behavioural 
disturbances in DS. 
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Memory is a physiological function that allows encoding and storing information over time, to be later 
retrieved for specific purposes. Intellectual disability disorders such as fragile X syndrome, show in most cases 
deficits in learning and memory performance. Fragile X syndrome is a rare disorder derived from the 
repression of the FMR1 gene in humans, which has been modeled in mice by knocking out the Fmr1 gene 
(Fmr1 KO). Our group has previously demonstrated that the peripheral cannabinoid type-1 receptor (CB1R) 
participates in memory modulation. Thus, peripheral CB1R activation occurs under acute stress conditions 
reducing memory persistence, while acute peripheral CB1R blockade enhances memory persistence. We now 
evaluated the behavioral, cellular and molecular outcome of a sub-chronic blockade of peripheral CB1Rs in 
naïve mice and in Fmr1 KO mice. We found that sub-chronic (7 d) administration of the peripherally restricted 
CB1R antagonist AM6545 shows in naïve mice a mnemonic effect measured in the novel object-recognition 
memory test (NORT). No changes in the proliferative marker Ki67 were observed in the subgranular zone of 
the dentate gyrus, while AM6545 sub-chronic treatment induced changes in hippocampal dendritic spine 
morphology driving an enhancement of mature spines. Sub-chronic peripheral CB1R blockade also occluded 
long-term potentiation in CA3-CA1 hippocampal synapses and increased the hippocampal expression of Bdnf 
and Ngf neurotrophic factors. Interestingly, executive function facilitation was observed after sub-chronic 
AM6545 administration in naïve mice. In Fmr1 KO mice, sub-chronic AM6545 treatment prevented NORT 
deficits and normalized aberrant mGluR5-dependent long-term depression and dendritic spine alterations. 
Altogether, our results suggest that the peripheral CB1R contributes to the modulation of memory persistence 
and hippocampal synaptic plasticity both in naïve mice and in a model of fragile X syndrome, mimicking the 
effects previously observed of systemic approaches reducing CB1R function. 
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An intracerebroventricular (ICV) injection of neuraminidase (NA) within the lateral ventricles originates an 
acute event of neuroinflammation, which is solved to a great extent after two weeks. Recently, neurological 
problems or behavioral alterations have been associated with neuroinflammation. Although the majority of 
them fade along with inflammation resolution, the possibility of long-term sequelae should be taken into 
consideration. Thus, we aimed to explore if NA-induced neuroinflammation provokes behavioral or 
neurological disturbances at medium (2 weeks) and long (10 weeks) term. Initially, rats were ICV injected with 
NA or saline. Two or 10 weeks later they were made to perform a series of neurological tests and behavioral 
evaluations (open field test). The neuroinflammation status of the brain was studied by 
immunohistochemistry and qPCR. While no neurological alterations were found, the open field test revealed 
an increased anxiety state 2 weeks after NA administration, which was not observed after 10 weeks. In 
accordance with this behavioral findings, an overexpression of the molecular pattern receptor TLR4 was 
revealed by qPCR in hypothalamic tissue in NA treated animals after 2 weeks of ICV, but not after 10 weeks. 
Moreover, histological studies showed a microgliosis in the amygdala of NA injected rats 2 weeks post-ICV, as 
well as a slightly activated state evidenced by morphometric parameters of these cells. These histological 
findings were not present 10 weeks after the ICV injection. These results suggest that NA-induced 
neuroinflammation might cause anxiety, with no neurological manifestations, in the medium term, along with 
a mild microglial activation in amygdala. Such symptoms seem to revert, as they were not detected 10 weeks 
after NA administration.
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It takes a fraction of a second to recognize a person even when seen under strikingly different conditions. 
However, how such a robust, high-level representation is achieved by neurons in the human brain is still 
unclear. In particular, the way that neurons encode different percepts is one of the most intriguing questions 
in neuroscience and has to a large extent been addressed in poorly realistic experimental conditions.  In this 
work we study the activity of neural populations in humans during conscious perception of realistic stimuli. 
To this aim, we evoke brain responses to static and time-varying visual representations of consciously 
perceived faces and characterize the differences between their evoked brain responses.  
 
To address the above question, we designed task paradigms and developed a methodological pipeline based 
on human intracranial recordings (iEEG) to localize and quantify time-varying brain responses to consciously 
perceived stimuli of static and dynamic modality. Our initial analysis in 3 subjects during static face recognition 
revealed significant brain responses in regions from occipital, temporo-parietal and frontal lobe, thus 
characterizing the sequential engagement of key areas along the visual processing pathway. Moreover, when 
faces were viewed within a dynamic context, known high-frequency responses to recognized concepts [1] 
significantly diminished their intensity in specific regions of the medial temporal lobe, suggesting that (more) 
ecological stimuli might be differentially processed in brain areas traditionally associated with episodic 
memory.  
 
Overall, this work systematizes existing methodology to localize neural population activity measured with 
intracranial EEG during cognitive tasks and explores the specificities of these neural activations when 
conscious recognition takes place under a more realistic setting than that of static object viewing.  
 
[1] H. G. Rey, I. Fried, and R. Quian Quiroga, “Timing of single-neuron and local field potential responses in 
the human medial temporal lobe,” Curr. Biol., vol. 24, no. 3, pp. 299–304, 2014. 
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The only effective treatment of pharmacoresistant epileptic patients relies nowadays on surgery. Over the 
last decade many computational approaches have attempted to characterize the epileptogenicity of brain 
signals recorded with either scalp or intracranial EEG (iEEG) to localize the seizure focus and improve pre-
surgical planning. Most of these contributions with iEEG have estimated seizure-driven power activations, 
while connectivity measures have been applied in scalp EEG studies and shown to improve localization in this 
modality. However, the interplay between power and connectivity features in iEEG with regard to seizure 
focus localization has not been thoroughly addressed. As a result, a few questions arise in this context: How 
redundant are connectivity measures with respect to power activations of iEEG signals during pre-seizure and 
seizure periods? How much information do linear connectivity measures add to power activations to improve 
seizure focus localization? 
 
For the same cohort of patients analyzed in [1], we characterized the level of redundancy of linear connectivity 
measures with respect to power activations during seizures and pre-seizure periods at different frequency 
bands. For almost all patients, the connectivity strength (measured via Pearson correlation) was in general 
highly redundant with respect to the power activations when evaluated across recording sites during seizure 
epochs. This level of redundancy was always manifested at the broad frequency spectrum (1-150Hz) and was 
localized at specific frequency bands for each patient. The level of redundancy was significantly higher during 
seizure than pre-ictal epochs. This indicates that basic non-directional linear connectivity is highly influenced 
by power coactivations that might be caused by either physiological mechanisms and/or by statistical biases 
of the connectivity measures. Overall, these preliminary results question the addition of linear connectivity 
measures to improve current power-based algorithms for seizure focus localization. 
 
[1] M. Vila-Vidal, A. Principe, M. Ley, G. Deco, A. Tauste Campo* and R. Rocamora*, "Detection of recurrent 
activation patterns across focal seizures: Application to seizure onset zone identification", Clinical 
Neurophysiology, vol. 128, pp. 977-85, June 2017. 
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Most studies on eyelid movements focus on the determination of physiological variables and parameters such 
as latencies, peaks, or areas. Nonetheless, very few are dedicated to revealing significant information on the 
anatomical-functional conglomerate (active and passive contributions of muscle fibers, ligaments, and other 
connective tissues) that support the biomechanics of the eyelid motor system and, therefore, the palpebral 
kinematics. This study aims to design and develop an analytical-experimental approach that integrates in a 
single formulation the phenomenological and computational modeling of eyelid movements, in the general 
context of a paradigm of classic conditioning of the blink reflex. A relevant aspect of our approach was that 
modeling of the angular displacement of the eyelid was carried out in relation to the force component of the 
orbiculari oculi muscle mainly in the closing phase and in the first stage of the opening phase, which informs 
us of a series of biomechanical parameters useful for the exhaustive control of the eyelid kinematics. By 
simulation, the model proposed here also characterized the dynamics of the antagonist levator palpebrae 
muscle, resulting on a more realistic modelling of the second stage of the opening phase. The results showed 
that there were a significant number of optimization trials (search of verisimilitude between the observed 
experimental recording and the simulated theoretical solution for the palpebral position) which were 
classified as good or excellent (67.2%), according to our Versatile Interface for Optical Fitting of Eyelid 
Kinematics (VIOFEK). Finally, it is important to point out that there are several possible clinical applications of 
this analytical-experimental approach. This model could help a more objective clinical exploration of 
neuromuscular disorders (facial nerve paralysis), pathologies with prevalence of eyelid dysfunctions (ptosis, 
blepharospasm and hemifacial spasm) and follow-up after eyelid surgery. 
 
Supported by grants BIO-122 and PY18-823-PY19 from the Junta de Andalucía (Spain).
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Synchronization between neuronal populations is hypothesized to play a crucial role in the communication 
between brain networks. The binding of features, or the association of computations occurring in spatially 
segregated areas, is supposed to take place when a stable synchronization between cortical areas occurs. 
While a direct cortico-cortical connection typically fails to support this mechanism, the participation of a third 
area, a relay element, mediating in the communication was proposed to overcome this limitation. Among the 
different structures that could play the role of coordination during the binding process, the thalamus is the 
best placed region to carry out this task. 
 
We studied how information flows in a canonical motif that mimics a cortico-thalamo-cortical circuit 
composed by three mutually coupled neuronal populations (called V-motif), Through extensive numerical 
simulations, we found that the amount of information transferred between the oscillating neuronal 
populations is determined by the connection delay and the mismatch in their oscillation frequencies 
(detuning). While the transmission from a cortical population is mostly restricted to positive detuning, 
transmission from the relay (thalamic) population to the cortical populations is robust for a broad range of 
detuning values, including negative values, while permitting feedback communication from the cortex at high 
frequencies, thus supporting robust bottom-up and top-down interaction.  Interestingly, the addition of a 
cortico-cortical bidirectional connection to the V-motif (C- motif) expands the dynamics of the system with 
distinct operation modes. While overall transmission efficiency is decreased, new communication channels 
establish cortico-thalamo-cortical association loops.  
 
Switching between operation modes depends on the synaptic strength of the cortico-cortical connections. 
Our results support a role of the transthalamic V-motif in the binding of spatially segregated cortical 
computations, suggesting an important regulatory role of the direct cortico-cortical connection 
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Multiple sclerosis (MS) is a chronic demyelinating disease initiated by pathogenic immune responses against 
myelin followed by a broader inflammatory and neurodegenerative process. Astrocytes physiologically 
respond to endocannabinoids and other synaptically released neurotransmitters with cytosolic Ca2+ 
elevations that engage intracellular signaling and fine-tune intercellular communication. MS induces a 
pronounced transformation of astroglial cells whereby they acquire a variety of disease-promoting functions. 
In particular, accumulating evidence supports the existence of a subset of neurotoxic reactive astrocytes that 
exhibit transcriptional programs destructive to synapses and oligodendrocytes in response to pro-
inflammatory signals. Aberrant Ca2+ signals in reactive astrocytes are closely related to disease severity in a 
number of neurological disorders. However, the Ca2+ handling properties of astrocytes in the context of 
autoimmune demyelination remain to be investigated.  
In this study we analyzed astrocyte Ca2+ dynamics and their modulation by CB1 receptors in the experimental 
autoimmune encephalomyelitis (EAE) mouse model of MS as well as in neurotoxic astrocytes induced in vitro. 
Systemic administration of Δ9-THC increased the amplitude of astrocytic Ca2+ transients in the 
somatosensory cortex of freely moving mice carrying astroglial GCaMP6. Cannabinoid-induced increase of 
astroglial Ca2+ levels was mediated by the population of CB1 receptors present astrocytes as determined 
using GFAP-CB1-KO conditional mutant mice. EAE induced a shift in spontaneous astrocytic Ca2+ activity that 
correlated to disease symptomatology and attenuated Ca2+ responses mediated by Δ9-THC. Astrocytes 
purified during acute EAE exhibited deregulated gene expression of several membrane receptors coupled to 
intracellular Ca2+ regulation as well as changes affecting Ca2+ signaling/homeostatic toolkits. These 
observations were partially mimicked by neurotoxic activation of cultured astrocytes and associated to 
aberrant cytosolic Ca2+ responses by ATP and glutamate. Our results suggest deficits in spontaneous and 
pharmacologically induced astrocytic Ca2+ activity during autoimmune demyelination that may reflect and/or 
contribute to MS disease severity.  
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- Most age-associated neurodegenerative disorders involve the aggregation of specific proteins within the 
nervous system, as occurs in Alzheimer’s disease (AD).  Recent evidence indicates that Aβ can misfold and 
aggregate into seeds that structurally corrupt native proteins, mimicking a prion-like process of template 
protein corruption or seeding.  In fact, studies in FAD-based animal models show that Aβ deposition and 
cerebral amyloid angiopathy may be induced by intracerebral infusion of brain extracts from AD patients or 
from aged APP-transgenic mice.  These studies have shown that the characteristic of both the seeding agent 
and the host influence the pathologic signature of the Aβ seeds.  In this regard, the majority of the Aβ-seeding 
studies have been done in APP-transgenic animal models that overproduce APP and/or Aβ.  However, it 
remains to be elucidated whether Aβ deposition can be induced by Aβ seeds in an animal model that does 
not overexpress APP and produces wild type human Aβ and if these aggregates are similar to the human 
condition.  
- Here, we used an innovative animal model to better understand the amyloidogenic events that occur in the 
sporadic form of the disease. Our model, termed hAβ-KI, expresses wild-type human Aβ under the control of 
the endogenous mouse APP gene. Thus, amyloid seeds from AD patients (stage C for amyloid) from the 
Alzheimer’s Disease Research Center (ADRC) at UCI were administered into 7-8-month-old hAβ-KI and as 
positive controls 3xTg-AD mice were employed. 
- Our findings demonstrated that amyloid seeds differentially occur in 3xTg-AD and hAb-KI mice and these 
aggregates are developed earlier in the familial model, 3xTg-AD mice.  
- These results suggest that multiple factors such as the seed, recipient model and time are critical factors 
that can modulate the amyloid pathology onset and progression. Thus, more profound understanding these 
factors will provide key insight on how amyloid pathology progress in AD.
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Glioblastomas are one of the most malignant tumours worldwide. Among the causes of such malignancy is a 
subpopulation of tumour cells with stem cell properties known as Glioma Stem Cells (GSCs). These cells are 
resistant to standard treatments, such as temozolomide, which causes tumour recurrence. Several studies 
have proposed Neural Stem Cells (NSCs) from the subventricular zone (SVZ) as a possible origin for GSCs. The 
transition of NSCs to GSCs frequently concurs with epidermal growth factor receptor (EGFR) overexpression 
or mutations, such as EGFRvIII. Our group designed a cell penetrating peptide based on connexin43 (TAT-
Cx43₂₆₆-₂₈₃) that inhibits the activity of the oncoprotein c-Src and therefore targets GSCs, increasing survival 
rates in glioma-bearing mice. Because Src is involved in EGFR signaling, we aimed to explore the effect of TAT-
Cx43₂₆₆-₂₈₃ in the transition of NSCs to GSCs. For this purpose, we analysed the cell growth of SVZ NSCs 
(Control-NSCs), NSCs with EGFR amplification (EGFRwt-NSCs) and NSCs with the mutant EGFRvIII (EGFRvIII-
NSCs). Our results show that TAT-Cx43₂₆₆-₂₈₃ specifically inhibited the growth of EGFRwt-NSCs and EGFRvIII-
NSCs, without significant effects in Control-NSCs. Importantly, we found that temozolomide and other control 
peptides did not affect the cell growth of any of these NSCs. To gain insight into the mechanism involved in 
the effect of TAT-Cx43₂₆₆-₂₈₃, we analysed the EGFR signaling pathway by Western blot. Our preliminary 
results show that TAT-Cx43₂₆₆-₂₈₃ decreased the activity of EGFR and EGFRvIII, as well as c-Src activity. So far, 
our results indicate that TAT-Cx43₂₆₆-₂₈₃ impairs EGFR signaling pathway with the subsequent reduction in the 
proliferation and survival of NSCs that overexpress or exhibit mutations in EGFR. These results stress the 
relevance of TAT-Cx43₂₆₆-₂₈₃ as a future therapy against glioblastoma, alone or in combination with 
temozolomide or other treatments that do not target stem cells with EGFR alterations.   
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Glioblastoma and metastatic brain tumours are incurable diseases with short life expectancy. Microglia are 
the resident macrophages of the Central Nervous System, accounting for up to the 30% of the total tumour 
mass. They show an immune suppressive response supporting cancer growth. In general, microglia can adopt 
different states of polarisation, although the reasons of the phenotypic switch are not fully understood. 
However, it is known that cancer cells drive the phenotype of surrounding immune cells into a pro-tumoural 
state. 
In turn, during aging, microglia evolve into a ‘priming’ state with clear pro-inflammatory features. This 
inflammatory phenotype has been widely associated with the onset of different neurodegenerative diseases. 
Nevertheless, in the context of brain tumours, we hypothesise that the incidence of brain tumours at the old 
age is significantly reduced mainly because of the pro-inflammatory microenvironment generated by aged-
microglia.  
To prove that, we have used in vitro mouse models of microglia (BV-2), glioblastoma (GL261) and breast 
cancer brain metastasis (EO771). We have also performed in vivo studies to quantify the tumour burden in 
aged mice (18 and 24 months) compared with young mice (3 months).  
We show by qPCR, western blot and immunohistochemistry how senescent microglial cells develop a strong 
pro-inflammatory response once exposed to tumour-conditioned media. In the same vein, we have seen a 
significantly reduction of the tumour size in aged mice. Key pro-inflammatory biomarkers (e.g. iNOS and 
TNFα) were significantly up-regulated not just in the tumour microenvironment but also in the tumour-
associated aged microglia.  
To the best of our knowledge, this is the first empirical demonstration of how senescent microglial cells are 
associated with the reduction of brain tumours growth. Unraveling the molecular mechanisms behind the 
pro-inflammatory activation of senescent microglial cells could lead us to potential new treatments to 
modulate the immune response against brain tumours. 
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Microglial phagocytosis of apoptotic cells is an essential process to maintain tissue homeostasis and avoid the 
spillover of the cytotoxic content that results from the cell death induced by excitotoxicity and/or 
inflammation. We have shown that microglial phagocytosis is chronically impaired in models of 
neurodegenerative diseases such as epilepsy and stroke, where microglial phagocytosis is blocked as early as 
6h after transient Medial Cerebral Artery occlusion (tMCAo), a model of stroke. We hypothesize that 
microglial phagocytosis impairment in tMCAO was related to an energetic failure and used different in vitro 
systems to test the role of oxygen and nutrient deprivation (OND). To assess the effect of OND on 
phagocytosis we first used hippocampal organotypic slices and observed a similar defect in apoptotic cell 
phagocytosis, which was related to a reduced microglial surveillance and process motility by 2-photon 
microscopy, likely related to the generalized energetic failure in stroke. The OND-induced phagocytosis 
reduction rapidly recovered after reperfusion suggesting that, in addition to the acute energetic failure, a 
more complex mechanism is responsible for the long-term impairment of phagocytosis found in tMCAo mice. 
We then treated primary microglial cultures with OND and observed phagocytosis deficits, in particular, a 
reduced degradation of apoptotic cells. This reduction was related to an increased lysosomal pH, possibly as 
a consequence of alterations in energy-dependent proton pumps that lead to a deficient enzymatic activity. 
The energetic dysfunction not only affected phagocytosis but also autophagy, another endolysosomal 
pathway. We assessed autophagy using electron microscopy and found an increase in autophagy-like vesicles, 
presumably due to stalled autophagosomes related to a deficient lysosomal degradation. To revert the 
phagocytosis impairment, we tested the autophagy inductor rapamycin, both in vitro and in vivo, to restore 
the autophagy flux and the altered endolysosomal pathway, and hence, recover the phagocytic activity. Thus, 
the microglial phagocytic potential opens a novel approach to accelerate the recovery of the ischemic brain 
by harnessing microglial phagocytosis of apoptotic cells through the stimulation of autophagy. 
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NMDA ionotropic glutamate receptors play pivotal roles in synaptic development, plasticity, neural survival, 
and cognition. Recent advances on Next-Generation Sequencing revealed the association of de novo 
mutations affecting GRIN genes (encoding GluN subunits of the NMDAR) with neurodevelopmental disorders, 
so-called GRIN-related disorders (GRD) or Grinpathies. GRD is a rare condition with a clinical spectrum 
dictated by both the affected GRIN gene and the functional outcomes of the mutated residue/s, primarily 
affecting glutamatergic neurotransmission and causing synaptopathies. Accordingly, generation of an in vivo 
library is required, in order to cover the genetic aetiologies underlying GRD phenotypes, to delineate the 
neurological alterations and ultimately to identify personalized therapeutic approaches for GRDs. In the 
context of GRD, zebrafish appears as an optimal animal model, since it provides several advantages from 
biomedical and industrial points of view (e.g. fast generation of genetic models, multidimensional 
phenotyping and reliable in vivo pharmacological screening). 
To address this objective, CRISPR-Cas9-based genome editing technology has been applied for the obtention 
of knockout models of Zebrafish paralogous GRIN1, GRIN2A and GRIN2B genes. Single mutant larvae showed 
no effect on survival rate, and allowed to define the spatio-temporal expression pattern of Grin genes in 
Zebrafish larvae. Interestingly, in addition to a prominent expression in the brain, NMDAR subunits were also 
detected in peripheric organs (e.g. heart, intestine). Currently, phenotypic assessment is being performed in 
pharmacological acute GRD models that revealed the presence of both behavioural and motor 
endophenotypes. In the short term, the comprehensive phenotyping of Zebra-GRIN models will allow to 
define GRD-like alterations and, importantly, to evaluate the therapeutic efficacy of repurposed and EMA-
approved putative NMDAR allosteric modulators, to ultimately allow personalized therapies for GRD patients. 
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High-fat diets (HFD) can lead to shifts in the gut microbiota and metabolic alterations and have been 
associated with increased risk of cognitive dysfunction. Here, we analyze the effects of a HFD on the gut 
microbiome and the neurodegenerative process in an animal model of retinitis pigmentosa (RP). Wild-type 
C57BL/6J and rd10 mutant (RP) mice were fed either with normal chow (5.5% fat kcal) or with a HFD (61.6% 
fat kcal) for two weeks after weaning (P19). At the endpoint, retinal function was evaluated by optomotor 
test and electroretinography. The structure and integrity of the retina were studied by 
immunohistochemistry. The gut microbiome was analyzed by 16S rRNA gene sequencing. Rd10 mice showed 
diminished retinal responsiveness and visual acuity, loss of photoreceptor rows, and morphologic anomalies 
in the remaining photoreceptor cells, compared to C57BL/6J mice. Photoreceptor degeneration was 
associated to proliferation of microglial cells and reactive gliosis of Müller cells. The gut microbiome analysis 
revealed differences between healthy and dystrophic mice in alpha and beta diversity at the genera, species 
and amplicon sequence variants levels. HFD consumption produced significant dysbiosis in the gut 
microbiome of both wild-type and mutant mice, increasing potentially pro-inflammatory bacteria. In wild-
type mice, HFD consumption did not affect retinal structure and function. But HFD intake by rd10 mice 
decreased retinal responsiveness and visual acuity, increased photoreceptor degeneration, and exacerbated 
microglial cell activation and Müller cell gliosis. Also, HFD consumption enhanced the expression of 
inflammatory and cell death markers in rd10 retinas. In conclusion, retinal degeneration in retinitis 
pigmentosa is linked to significant changes in the gut microbiome, which can be altered by the diet, leading 
to deterioration of the disease. The results suggest that increased consumption of fat could aggravate the 
progression of the disease in patients with retinal degenerative disorders. MINECOFEDER-BFU2015-67139-R, 
MICIINN-FEDER PID2019-106230RB-I00, RETICS-FEDER-RD16/0008/0016, IDIFEDER/2017/064
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Susceptibility to develop schizophrenia (SZ) is determined by complex interactions between genes and 
environment. Environmental risk factors may exert their negative effects at critical stages of brain 
development, possibly via epigenetic mechanisms. While most studies evaluated gene-selective epigenetic 
modifications, few studies reported SZ-associated alterations affecting epigenetic mechanisms globally. Here, 
we evaluated the global expression of histone posttranslational modifications (HPTM) in a case-control cohort 
of SZ subjects.  
 
Dorsolateral prefrontal cortex samples of SZ subjects and age-, sex-, and post-mortem delay- matched 
controls were obtained at autopsies performed at the Basque Institute of Legal Medicine. SZ subjects were 
divided into antipsychotic treated (AP-treated) or antipsychotic free (AP-free) groups, according to blood 
toxicological data at the time of death. For this study, cortical amounts of gene expression activating (H3K9ac, 
H3K27ac, H3K4me3 and H4K16ac), and repressing (H3K9me3, H3K27me3 and H4K20me3) HPTM were 
quantified by Western Blot.  
 
H3K9ac (+42%, p<0.01), H3K27ac (+28%, p<0.05) and H3K4me3 (+24%, p<0.05) were significantly increased 
in SZ subjects, compared to matched controls. Cortical immunodensities of all other HPTM did not show 
significant differences between SZ subjects and controls. Subgroup analyses in AP-free and AP-treated SZ 
subjects revealed that H3K27ac and H3K4me3 were specifically increased in AP-treated group. Pearson’s 
correlation analyses showed overall positive associations between activating and, separately, between 
repressing HPTM. The expression of activating H3K4me3 also correlated with that of repressing H3K27me3.  
 
In conclusion, upregulation of H3K9ac, H3K27ac and H3K4me3 may be associated with globally increased gene 
expression in SZ. AP treatment might enhance H3K27ac and H3K4me3 levels. Future studies should clarify 
whether the observed upregulation of cortical H3K27ac and H3K4me3 might be part of the mechanism of 
action of AP drugs, or due to a specific mechanism in SZ brain. Finally, the overall correlations between the 
HPTM species suggests that epigenetic mechanisms are tightly regulated 
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Alterations in cortico-Basal ganglia (BG) circuitry are deeply characterized and profoundly compromised in 
Huntington’s Disease (HD). However, little is known about the implications of subcortical-BG circuits in HD. 
The superior colliculus (SC) is a primitive subcortical sensorimotor area that integrates visual and cortical 
afferents (particularly from M2-Cortex (M2) and the cingulate) and modulates BG circuitry. Particularly, the 
cortico-SC-BG circuit is implicated in sensorimotor transformations to direct gaze movements, including the 
saccadic movements known to be altered in HD patients. Also, we recently described that activating M2 
terminals in the striatum using optogenetics is sufficient to restore motor deficits in symptomatic HD mice. 
Here, we aim to identify and characterize structural and functional alterations of the M2-SC circuits in HD, to 
finally develop circuit based therapeutic strategies.  
Our data shows that symptomatic HD mice (20 week) has predominant approach vs defensive behaviours 
compared to WT mice, seen by a significant reduction in active escaping response in the looming task and an 
increase in active approaches in the beetle mania task, indicating alterations in SC function in HD. Moreover, 
we used in vivo MRI to study functional connectivity from the M2 with BG-related structures at symptomatic 
stages. Our data demonstrates that the SC is one of the nuclei with higher functional correlation with the M2 
in WT mice, and strikingly, significantly diminishes in symptomatic HD mice. Then, we injected AAV-CamKII-
GFP in M2 and observed reduced axon terminals arriving to the SC in HD compared to WT mice. We are 
currently analyzing neuronal response to M2 activation in the SC by combining optogenetics with 
multielectrode arrays.   
Our results describe for the first time the structural and functional involvement of the M2-SC-BG circuits in 
HD pathophysiology. By using optogenetics, we hope to modulate circuit function and restore symptoms in 
HD. 
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Ischemic strokes are the result of a permanent or transient occlusion of a major brain artery. The 
energy/oxygen deprivation that follows leads to irreversible tissue injury and long-term sequelae. Despite 
continuous improvements, therapeutic failure is still notorious and strokes remain the second cause of death 
worldwide. Therefore, many studies advocate that better stroke management requires focusing on 
endogenous neuroprotective mediators that globally modulate the immune response, rather than 
approaching pathogenic mechanisms independently. In this context, we study cortistatin (CST), a 
neuropeptide widely distributed in the Central Nervous System and the Immune System. This molecule 
displays anti-inflammatory, immunomodulatory and neuroprotective properties, characteristics that 
potentially make it an attractive endogenous target and a novel therapeutic agent for strokes. Hence, we are 
currently investigating its involvement in the immune dysregulation and neuroinflammation processes 
associated with strokes, as well as its possible therapeutic application. For this purpose, we use the MCAO 
(middle cerebral artery occlusion) model by temporarily (30’) occluding the middle cerebral artery in WT and 
CST-deficient mice (CST-/-). Our preliminary results suggest more susceptibility to stroke development and 
worse prognosis in CST-/- mice 24h post-MCAO, i.e. larger neuronal lesions, higher neurological score and a 
striking acute glial activation. Moreover, blood-brain barrier (BBB) dysfunction in CST-/- mice may be also 
contributing to this great susceptibility, as shown in a BBB in vitro model, where the CST-/- endothelial cells 
barrier showed increased permeability and reduced and altered tight-junctions/adherens-junctions 
expression. Altogether, our results suggest the relevance of endogenous CST modulating neurodegeneration 
and neuroinflammation events during ischemic damage and its key role in the BBB structural and functional 
viability. Moreover, our findings add evidence supporting that recovering CST levels by its exogenous 
administration may be a novel multifunctional therapeutic agent for the treatment of ischemic strokes. 
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Fragile X syndrome (FXS) is the most common monogenic cause of inherited intellectual disability and autism 
caused by the silencing of the FMR1 gene. The fragile X mental retardation 1 (Fmr1) knockout mouse shows 
cognitive impairment and some of the synaptic alterations observed in patients because of the loss of 
expression of the fragile X mental retardation protein (FMRP). Altough these alterations observed in the FXS 
mouse model have been restored by blocking the cannabinoid type-1 receptor (CB1R) with the systemic 
antagonist/inverse agonist rimonabant, the molecular hallmarks involved in these improvements are not yet 
fully understood. Since FMRP modulates local RNA translation at synapses to maintain synaptic activity and 
plasticity, we focused our analysis in a synaptoneurosome enriched fraction obtained from mice treated for 
seven days with rimonabant (0.1 mg/kg). We performed high-throughput RNA sequencing to analyse 
differential expression and splicing patterns between Fmr1 KO mice and WT after rimonabant or vehicle 
administration. Differential expression analysis at transcript level in Fmr1 KO synaptoneurosomes revealed 
the up-regulation of transcripts implicated in axon development and the down-regulation of transcripts 
related with synapse structure and organization, and mRNA processing. Notably, rimonabant treatment 
induced the upregulation of transcripts related with mRNA splicing. Furthermore, alternative splicing analysis 
of the same data showed a relevant number of transcripts producing different isoforms by exon skipping 
mechanisms in Fmr1 KO samples. Interestingly, these exon skipping events appeared to be regulated in 
opposite ways when Fmr1 KO mice were treated with rimonabant at low doses. Together, our transcriptomic 
analysis identifies a set of transcripts that may contribute to the aberrant synaptic phenotype in the FXS 
mouse model. Moreover, this analysis proposes that alternative splicing events described in Fmr1 KO mouse 
may be reverted after CB1 receptor inhibition under conditions that re-establish synaptic plasticity and 
memory perforamance. 
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In animal and cellular models, activation of Gαi1-proteins by serotonin 5-HT2A receptor (5-HT2AR) agonist 
drugs represents a molecular fingerprint of hallucinogenic properties. On the other hand, supersensitive 5-
HT2AR signalling through Gαi1-, but not Gαq/11–proteins, has been observed in schizophrenia. If this 
supersensitivity is consequence of altered constitutive activity of 5-HT2ARs in schizophrenia, is still unknown. 
Currently, inverse agonists of 5-HT2ARs are available, which allows the analysis of constitutive activity 
conditions. In this context, pimavanserin has been described as selective 5-HT2AR inverse agonist on the Gαi1-
protein-mediated pro-hallucinogenic pathway and neutral antagonist on the canonical Gαq/11-protein-
mediated pathway, in human prefrontal cortex.  
[35S]GTPγS binding assays associated to immunoprecipitation with specific antibodies for Gαi1- and Gαq/11-
proteins were carried out with pimavanserin (10-10-10-6 M). The selectivity of pimavanserin on 5-HT2ARs 
was measured by using the antagonist MDL-11,939 (10 µM). Moreover, the selectivity was confirmed by using 
brain samples of wild-type (5-HT2AR(+/+)) and knock-out (5-HT2AR(-/-)) mice. Post-mortem frontal cortex 
samples from 23 subjects with schizophrenia and their matched controls were analysed.  
Pimavanserin induced a higher inhibitory effect on 5-HT2AR coupling to Gαi1-proteins in schizophrenia 
subjects (Imax=20±2%) than in controls (Imax=14±1%) (p=0.0004). Pimavanserin did not induce effects on 5-
HT2AR coupling to Gαq/11-proteins (Imax=0±1% and Imax=-1±1%, respectively). Pimavanserin activity on 
Gαi1-proteins was sensitive to MDL-11,939 confirming the involvement of 5-HT2ARs. Moreover, 
pimavanserin exerted a significant inhibition of the coupling to Gαi1-proteins (Imax=13±2%, n=6) in 5-
HT2AR(+/+) mice, while no effect was found in 5-HT2AR(-/-) mice. No effect of pimavanserin on Gαq/11-
proteins in mice brain tissue was observed.  
These findings demonstrate an enhanced constitutive activity of 5-HT2ARs through the pro-hallucinogenic 
pathway in prefrontal cortex of subjects with schizophrenia. The constitutive 5-HT2AR hyperactivity could 
underlay the vulnerability to psychotic symptoms and suggest the relevance of the inverse agonism on 5-
HT2ARs as new anti-psychotic pharmacological strategy.  
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Cell culture and animal studies have demonstrated that both hallucinogenic and non-hallucinogenic 5-HT2A 
receptor (5-HT2AR) agonists promote Gαq/11-protein activation. In contrast, only hallucinogenic drugs acting 
at 5-HT2ARs activate inhibitory Gαi1-proteins. Whether these mechanisms operate in brain tissue remains 
unknown.  
The activation of 5-HT2AR coupling to Gαi1- and Gαq/11-proteins induced by hallucinogenic ((±)DOI and LSD) 
and non-hallucinogenic (lisuride and pergolide) 5-HT2AR drugs was evaluated at 10 µM concentration in post-
mortem human brain cortex. The effects of different 5-HT2AR antagonist/inverse agonists (pimavanserin, 
altanserin, nelotanserin, eplivanserin, volinanserin and ketanserin) on both pathways were also analysed. 
Modulation of the [35S]GTPγS binding coupled to antibody immunoprecipitation by using the Scincillation 
Proximity Assay (SPA) technology was chosen as methodological approach. 
(±)DOI and LSD increased the [35S]GTPγS binding to both Gαi1- and Gαq/11-proteins by a mechanism 
sensitive to selective 5-HT2AR antagonists (MDL-11,939, ketanserin and altanserin). Other inhibitory Gαi/o-
protein were also stimulated but less sensitive to 5-HT2AR antagonists. Moreover, equivalent stimulatory 
effects on both pathways were observed in brain of wild-type mice and disappeared in 5-HT2AR knock-out 
animals. The non-hallucinogenic drugs lisuride and pergolide behaved as 5-HT2AR agonists exclusively on the 
Gαq/11-protein pathway. On the other hand, pimavanserin, altanserin, and volinanserin exerted an inhibitory 
response on the [35S]GTPγS basal binding to Gαi1-proteins that was sensitive to MDL-11,939 and absent in 
5-HT2AR knock-out mice, confirming their inverse agonist properties on this 5-HT2ARs pathway. Regarding 5-
HT2AR coupling to Gαq/11-proteins, only volinaserin displayed inverse agonism. 
These results demonstrate a differential profile of G-protein signalling between hallucinogenic and non-
hallucinogenic 5-HT2AR agonists in human brain cortex. The functional coupling to Gαi1-proteins may be 
involved in the hallucinogenic liability of (±)DOI, LSD and other 5-HT2AR agonists. These results also suggest 
that selective inverse agonism contributing to uncoupling of 5-HT2ARs from Gαi1-proteins could be a new 
pharmacological approach in the development of new antipsychotic drugs. 
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Glial-derived tumors such as oligodendrogliomas (OGs) and glioblastomas (GBs) account for the majority of 
CNS tumors. OG is a type of diffuse glioma, characterized by IDH1/2 mutations and 1p/19q co-deletion. OGs 
are subclassified into grade II and III according to malignancy. GBs, on the other hand,  are the most aggressive 
type of glioma (grade IV). The cell of origin of these neoplastic entities is still elusive. However, different state-
of-the-art studies point towards immature oligodendrocytes as a possible source of gliomagenesis. Therefore, 
studying markers that identify oligodendrocyte precursors has become of great interest. Breast carcinoma 
amplified sequence 1 (BCAS1) has emerged as a novel marker that defines an immature oligodendrocyte 
population. This marker has been associated to non-CNS tumors. In this study we analyzed the expression of 
BCAS1 in a series of surgically removed OGs (n=17) and GBs (n=58). To study the distribution and proliferative 
status of the different cell subpopulations within OG and GB, we co-stained BCAS1, with EGFR, Vimentin and 
Ki-67. Additionally, we analyzed the ultrastructure of BCAS1+ cells by immunoelectron microscopy. We 
performed stereological quantification of the cell density and proliferation of BCAS1+ cells and compared 
them to EGFR+ proliferative cells. Our results depict that BCAS1+ cells constitute a heterogeneously 
distributed population in glial-derived tumors. This population displays two different morphologies: stellate 
or spherical cells. In particular, stellate cells can form tightly packaged nodules and present a high proliferative 
rate when compared to EGFR+ cells. Statistical analysis show that BCAS1+/Ki67+ cells increase according to 
the malignancy of the tumor. Nevertheless, the density of BCAS1+ cells decreases in more aggressive tumors. 
This suggests that BCAS1 is a marker defining a specific cell subpopulation within diffuse gliomas, which could 
correspond to a state of transient amplification, thus contributing to tumor malignancy. 
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Chaperone proteins and folding enzymes in endoplasmic reticulum (ER) perform a key role in proteostasis, 
which can be disrupted by numerous factors leading to an accumulation of unfolded proteins in the lumen. It 
results in ER stress and unfolded protein response (UPR) is elicited to restore homeostasis. However, under 
prolonged cellular stress, the UPR pathway can lead to cell dysfunction/loss. Impaired ER mechanisms are 
responsible for neurodegeneration in numerous human diseases and there is also growing evidence that ER 
stress is implicated in the neuronal dysfunctions of neuropsychiatric disorders. The present study was aimed 
to check the hypothesis that ER stress and UPR pathway over-activation in the serotonin (5-HT) neurons are 
involved in the cellular pathological mechanisms of anxiety and depression by causing an impaired 
proteasome function. ER stress was induced by a single local application of tunicamycin (200 μg/μl) in dorsal 
raphe nucleus of mice. We examined tunicamycin effects on proteins related to ER stress, UPR, and apoptosis, 
on serotonin function as well as on anxiety- and depression-like behaviors. Tunicamycin rapidly induced ER 
stress in 5-HT neurons, leading to a time-dependent increase in GRP78 protein levels. Furthermore, CHOP 
protein, which triggers apoptosis pathways, was also increased 7 days after tunicamycin infusion. ER stress 
led to an increased eIF2α and eEF2 phosphorylation, suggesting the activation of PERK pathway in 5-HT 
neurons. Tunicamycin-treated mice exhibited an anxious-depressive phenotype and showed altered 5-HT 
neurotransmission in medial prefrontal cortex. A single dose of ketamine (10 mg/kg, ip) reversed the 
depressive phenotype 30 minutes post-administration, which is linked to reduced levels of phosphorylated 
eIF2α and recovery of proteostasis. The results strongly indicate that ER stress and UPR may represent cellular 
pathogenic mechanisms in the development of mood disorders and the eIF2α pathway is central for 
antidepressant activity of ketamine. 
Financial support: SAF2016-75797-R, PID2019-105136RB-100 (MINECO-ERDF) 
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Neurodevelopmental disorders can emerge due to abnormal neuronal function and/or connectivity. Cortical 
wiring requires a variety of neuronal subtypes which identity is defined by specific transcription factors (TF). 
Some of them are dosage-dependent, meaning that a single functional copy of the gene cannot maintain the 
phenotype. In the neocortex, upper layer neurons, which participate in the most complex and evolved circuits, 
are defined by the expression of Cux1 TF. This gene is involved in their dendritogenesis, synaptogenesis, and 
the establishment of interhemispheric projections as shown by knock-down experiments. Moreover, 
heterozygous patients carrying a mutant Cux1 allele have neurological diseases such as epilepsy, intellectual 
disability, and autism spectrum disorder. However, the overall cortical development and brain structures 
seem normal in heterozygous condition. Thus, a deeper characterization of the heterozygous scenario is 
needed. For this purpose, we have studied Cux1 expression in different functional areas of the cortex during 
development by immunostaining; performed a battery of neonatal motor tests in Cux1 heterozygous mice; 
analysed their susceptibility to kainate-induced seizures, and investigated a possible axonal dysfunction in 
these neurons. Our results show a significant reduction of Cux1 expression in the neocortex at postnatal day 
(P) 10, specially in the barrel field of the somatosensory area. These differences are attenuated in adulthood 
(P30), suggesting a possible rescue mechanism that leads to a catch-up phenotype. We also demonstrate that 
Cux1 heterozygosis increases predisposition to develop seizures in mice. Taking together, our findings 
highlight the relevance of Cux1 levels of expression during cortical development and point to the necessity of 
investigating the consequences of Cux1 haploinsufficiency at a molecular level.   
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Background: Dysregulation of dopamine D2 (D2R), cannabinoid CB1 (CB1R) and/or metabotropic glutamate 
2/3 (mGlu2/3R) receptors may contribute to the pathophysiology of schizophrenia. The aim of this study was 
to quantify the immunodensities of D2R, CB1R, mGlu2R and mGlu3R in post-mortem brains of schizophrenia 
subjects. 
 
Material and methods: Brain samples from the dorsolateral prefrontal cortex (DLPFC; Brodmann’s area 9) of 
subjects with schizophrenia (n=48) and sex-, age-, and post-mortem interval-(PMI) matched controls (n=48) 
were obtained at autopsies performed in the Basque Institute of Legal Medicine. Schizophrenia cases were 
divided into antipsychotic-treated (AP+; n=29) and antipsychotic-free (AP–; n=19) groups, according to blood 
toxicological screening at death. Receptor cortical amounts were estimated by Western blot (WB). Antibody 
selectivity was validated in knockout mice lacking target receptors. Case-control datasets were compared by 
paired t-tests. 
 
Results: The immunodensities of both mGlu2R (–31%; p<0.001) and CB1R (–17%; p<0.01) were significantly 
lower in schizophrenia, compared to those in control brains. Regarding the antipsychotic treatment, CB1R 
downregulation was only observed in AP+ cases (–18%; p<0.05), whereas mGlu2R expression was reduced 
both in AP– cases (–27%; p<0.05) and more robustly in AP+ subjects (–34%; p<0.001). In contrast, D2R and 
mGlu3R cortical amounts did not differ significantly between cases and controls.  
 
Conclusions: The present results indicate that low mGlu2R protein expression might be a core feature of the 
schizophrenia brain, which could be further aggravated following antipsychotic treatment. On the other hand, 
downregulated CB1R levels might be attributed to antipsychotic medication. Surprisingly, D2R and mGlu3R 
protein expression did not seem to be altered in the DLPFC of schizophrenia subjects. However, this does not 
imply that the functional signalling of these receptors is not altered. Future studies will determine the 
implications of mGlu2R dysregulations in schizophrenia brain functioning. 
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TDP-43 (encoded by the TARDBP gene) is the main component of the pathogenic inclusions that define the 
great majority of cases of amyotrophic lateral sclerosis (ALS) and ~50% of frontotemporal dementia (FTD) 
cases. Moreover, mutations in TARDBP are causative of ALS and/or FTD. Despite its critical role in these 
neurodegenerative diseases, it is not yet clear how TDP-43 dysfunction leads to neurodegeneration.  
To try to recapitulate as faithfully as possible human ALS disease pathogenesis, we have a long-term interest 
in creating Knock-in (KI) mouse models of ALS. Here, we present the characterization of a novel TDP43 mutant 
Knock-in mouse line carrying a pathogenic point mutation within the C-terminal domain of TDP43 (Q331K). 
We include behavioral analysis of this strain on a B6 and B6/DBA background as well as cellular and molecular 
analysis of derived primary cell lines. As other C-terminal mutations, the Q331K mutation leads to a splicing 
gain of function, as well as stress response abnormalities and dysfunction in pathways previously associated 
with ALS pathogenesis, such as the PI3K pathway.   
In addition, we present the generation and initial molecular characterisation of the first genomically 
humanized TDP-43 (hTARDBP) mouse model, on which we have replaced the mouse Tardbp gene for its 
human TARDBP counterpart, from the start to the stop codon, including all introns in between, producing the 
first mouse model expressing a human TDP-43 protein under mouse endogenous physiological expression 
control.    
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Tauopathies, including Alzheimer’s disease (AD) and frontotemporal lobar degeneration with Tau pathology 
(FTLD-tau), are a group of neurodegenerative disorders characterised by Tau hyperphosphorylation. Post-
translational modifications of Tau such as phosphorylation and truncation have been demonstrated to be an 
essential step in the molecular pathogenesis of these tauopathies. In this work, we demonstrate the existence 
of a new, human-specific truncated form of Tau generated by intron 12 retention in human neuroblastoma 
cells and, to a higher extent, in human RNA brain samples, using qPCR and further confirming the results on 
a larger database of human RNA-seq samples. 
Furthermore, diminished protein levels of this new Tau isoform are found by Westernblotting in Alzheimer’s 
patients’ brains with respect to non-demented control subjects, suggesting that the lack of this truncated 
isoform may play an important role in the pathology. This new Tau isoform exhibits similar post-
transcriptional modifications by phosphorylation and affinity for microtubule binding, but more interestingly, 
is less prone to aggregate than other Tau isoforms. Finally, we present evidence suggesting this new Tau 
isoform could be linked to the inhibition of GSK3β, which would mediate intron 12 retention by modulating 
the serine/arginine rich splicing factor 2 (SRSF2). 
Our results show the existence of a potentially relevant new isoform of Tau and suggest that further research 
on this less aggregation-prone Tau may help to develop future therapies for Alzheimer’s disease and other 
tauopathies. 
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In previous work, we have found that transcranial static magnetic fields (tSMS) application was able of 
delaying and reducing EEG seizure signs in the lithium-pilocarpine rat model of epilepsy1. Here we explore 
the putative synergistic effect of combining tSMS with low doses of diazepam, a drug commonly used to treat 
status epilepticus. 
 
Experiments were carried out on 8 Sprague-Dawley rats, 2-3 months old. LiCl (127 mg/kg, i.p.) was 
administered 24 hours before pilocarpine injections. Pilocarpine was given in two doses injected (i.p.) 30 min 
apart. The first one was preceded (30 minutes) by Scopolamine, 1 mg/kg. Animals were randomly classified 
into two groups: “Magnet” (a neodymium nickel-plated cylinder, 45mm diameter and 30mm height, magnetic 
field of 0.5T was placed over the skull just before the first pilocarpine injection and for a total period of one 
hour), or “Control” (a stainless steel replica without magnetic properties was used). 1.25 mg/kg of diazepam 
(i.p.) was injected sixty minutes after of the second dose of pilocarpine.  
 
Thirty minutes after diazepam injection, there was a clear reduction in the number of EEG spikes in both 
groups, being more pronounced in the magnet group (T-test, p<0.05). The Root Mean Square -an estimation 
of the EEG amplitude- showed a greater reduction in the Magnet group compared with those animals that 
only received the diazepam dose (T-test, p < 0,001). Furthermore, the power spectrum analysis showed a 
stronger reduction in theta, alpha and beta bands, on the diazepam+magnet animals compared to the 
diazepam+sham group (T-test, p < 0.05 beta band; T-test, p< 0.0001 theta and alfa bands).  
 
The results show synergistic actions between magnetic fields and diazepam in controlling EEG abnormalities 
in the epilepsy model used here, and pave the way for the combination of tSMS with pharmacological 
treatments for epilepsy, improving seizures control and, perhaps, allowing dose reduction. 
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Friedreich´s ataxia (FRDA) is predominantly a neurodegenerative disease caused by a deficiency in frataxin 
(FXN). FXN is a protein with a major mitochondrial localization enriched in tissues with a high-energy demand, 
like the brain. These low FXN levels lead to a progressive degeneration of neurons of the spinal cord, 
brainstem and the deep cerebellar nuclei, responsible for the loss of movement coordination and equilibrium, 
main symptoms observed in FRDA patients. 
As for other neurodegenerative diseases, increasing evidence supports the idea that other non-neuronal cells 
like astrocytes are actively involved in the FRDA neurodegenerative process. Depending on the stimuli they 
respond to, astrocytes acquire different activation states in a process called astrogliosis, where 
neuroinflammatory stimuli induce the formation of A1 reactive astrocytes, which upregulate 
proinflammatory genes, being harmful for neurons. Recent studies have demonstrated positive effects of 
Sonic Hedgehog (SHH) agonists in astrocyte viability and proliferation, astrocyte-mediated neuroprotection, 
and also positive effects in mitochondrial activity and dynamics. Thus, we have thoroughly characterized 
astrocyte reactivity phenotype and mitochondrial status of FXN-deficient astrocytes, evaluating as well the 
effect of SHH agonists on astrocyte reactivity, viability, and function. 
We have observed that FXN-deficient astrocytes have reduced cell viability and higher expression of several 
A1 reactive astrocyte markers. Moreover, FXN-deficient astrocytes also showed defects in mitochondrial 
function and dynamics. All these alterations were prevented by a chronic treatment with the smoothened 
agonist (SAG), a SHH signaling agonist. Regarding the possible neuroprotective effects of SHH agonists, 
previous results showed that FXN-deficient astrocytes are able to induce neurodegeneration, and we have 
observed that the chronic treatment with SAG attenuated the neurotoxicity triggered by the treatment of 
mouse cortical neurons with conditioned medium of FXN-deficient astrocytes. 
Overall, our results indicate that astrocytes might be considered as key players in the neurodegenerative 
process associated with FRDA, suggesting as well that the treatment of FXN-deficient astrocytes with a SHH 
agonist like SAG, could be used as a possible target to reduce FRDA-associated neurodegeneration. 
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Glioblastoma (GB) is the most common and aggressive malignant primary brain tumor of the central nervous 
system in humans, it is originated from neoplastic glial cells. GB affects 1/100.000 persons and the median 
survival is 14,6 months. Neoplastic glial cells are characterized by a high degree of proliferation, diffuse 
invasion and resistance to conventional therapies. Patients suffer from synapse loss, an early symptom of a 
neurodegenerative processes. Our group has demonstrated that Drosophila GB cells extend a network of 
tumor microtubes (TMs) that enwrap the surrounding neurons, and promote glia–neuron signaling 
communication that favors glial proliferation and invasion, leading to a reduction of synapse number in the 
neighboring neurons. All these results suggests that GB is a neurodegenerative disease. 
We use Drosophila melanogaster as a model of GB based on the constitutive activation of PI3K and EGFR in 
glial cells, this GB model faithfully reproduces the progression of the tumor, and associated-
neurodegeneration. Our group is focused in GB growth mechanisms through TMs and I study the role of ODFs 
as potential network modulators. I study the role of dODF3B and dODF3L2, that have human orthologues 
upregulated in glioma, and correlate with poor prognosis. 
We have found that dODFs act as sperm actin cytoskeleton modulators and are upregulated in GB brains, 
correlating with tumor progression. More specifically, the downregulation of dODF3B and dODF3L2 in GB cells 
prevents GB proliferation, infiltration and neurodegeneration. In addition, preliminary results suggest that 
signaling pathways described in GB as WNT/Wg modulate dODF3B levels of expression in glial cells. 
Consequently, we suggest that dODFs emerge as potential targets involved in glia-neuron communication, 
and GB progression.  
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Angelman’s syndrome (AS) is a severe neurodevelopmental disease caused by a lack of function of a segment 
of chromosome 15. Most of the time it is related to a deletion or mutation of the UBE3A gene on that 
chromosome. The electroencephalogram (EEG) in AS is usually abnormal and may be used as a quantitative 
biomarker for differential diagnosis, to track progression, and as clinical outcome estimate. 
Here we investigate the effect of UBE3A deletion on the spontaneous activity and auditory-evoked responses 
by using a UBE3A knock-out rat model of AS. To do that, we explored the ongoing activity (qEEG), the auditory 
steady state responses (ASSR, oscillatory responses to rhythmic auditory stimuli) and the chirp-EP responses 
(responses related to a tone modulated in amplitude at increasing frequencies) under open-field, freely-
moving conditions. 
Spectral analyses suggest a decrease in gamma oscillatory activity at the frontal cortex in knock-out rats when 
compared to wild-type. Interestingly, robust changes in the ASSR and chirp-EP were found. The 40-Hz ASSR 
evoked activity and intertrial coherence were increased for transgenic animals. Similarly, the chirp-EP evoked 
activity and intertrial coherence were increased in a region at around 60 Hz. These differences are found 
bilaterally in the frontal cortex but not in the parietal cortex, suggesting a region specific disruption of 
neuronal synchronization mechanisms in the UBE3A knock-out rats. If replicated in patients, the ASSR and 
chirp-EP could constitute a useful biomarker for AS, guiding pharmacological development of therapies that 
target aberrant neuronal function.  
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Noradrenaline (NA) is a major modulatory neurotransmitter of the central nervous system (CNS) and besides 
its actions as a neurotransmitter it presents a potent anti-inflammatory and neuroprotective effect. The major 
source of NA in the CNS is the Locus coeruleus (LC) which is one of the earliest brain region affected by 
Alzheimer’s disease (AD). The loss of noradrenergic neurons in LC leads to a decrease in NA levels which 
facilitates the progression of AD. This seems to be due mainly to the ability of NA to reduce the activation of 
microglial cells. We previously observed that NA induces the production of the chemokine CX3CL1 in neurons. 
The activation of microglial CX3CR1, receptor for CX3CL1, reduces the activation of microglia, which is known 
to contribute to the neuronal damage characteristic of AD. Therefore, alterations of CX3CR1 production in 
microglia could translate into an alteration of CX3CL1 anti-inflammatory effects.  
 
In order to determine if microglial CX3CR1 production is altered in AD and if NA can regulate it, CX3CR1 
expression and synthesis were analyzed in 5xFAD mice and human AD brain samples. In addition, the effects 
of NA and its reuptake inhibitor reboxetine were analyzed in microglial cultures and 5xFAD mice respectively.  
 
Our results indicate that the production of CX3CR1 is increased in the brain cortex of AD patients and 5xFAD 
mice. Also, in these mice reboxetine treatment further increases CX3CR1 and enhances microglial reactivity 
toward amyloid beta plaques. However, administration of NA to cells cultures of primary rat microglia or 
HMC3 cell line decrease CX3CR1 production, suggesting that microglia responses to NA may be altered in the 
absence of CX3CL1-producing neurons or other external factors. 
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Thyroid hormones (TH) are essential for the proper development of the brain. TH need transmembrane 
transporters to access their specific tissues and target cells. The monocarboxylate transporter 8 (MCT8) 
exclusively transports TH and is crucial for the maintenance of adequate contents of TH in the brain. 
Allan-Herndon-Dudley Syndrome (AHDS) or MCT8 deficiency is a rare X-linked disease due to inactivating 
mutations in the SLC16A2 gene, which encodes for the MCT8 transporter. AHDS is characterized by peripheral 
hyperthyroidism and by cerebral hypothyroidism due to impaired transport of TH across the blood-brain 
barrier (BBB). Patients with AHDS present symptoms such as delayed neurological development and severe 
psychomotor disorders. 
The aim was to assess the integrity of the BBB by analyzing the ultrastructure of the neurovascular unit in an 
animal model of MCT8-deficiency: the Mct8/Dio2 KO mouse. We used transmission electron microscopy) to 
evaluate the organization of the tight junctions and the pericyte and astrocyte end-feet coverage of the blood 
vessels. We also analyzed the expression of tight junction proteins by western blot, to confirm the 
ultrastructural defects of the neurovascular unit observed by electron microscopy. The functionality of the 
BBB was also assessed by the quantification of the infiltration of sodium fluorescein dye in the Mct8/Dio2 KO 
brain compared to controls. Finally, the blood-vessel density of the whole brain was studied by angiography 
neuroimaging. 
Our results could provide new therapeutic targets and biomarkers associated to the neurological symptoms 
of the AHDS and can contribute to the generation of new therapeutic strategies to improve the quality of life 
of MCT8-deficient patients. 



 

PS2-78 
The role of extracellular vesicles in Alzheimer's disease: mechanistic insight 
into intrinsic protection 
Dr. Andreu Matamoros-Anglès1, Dr. Mohsin Shafiq1, Santra Brenna2, Dr Behnam Mohammadi1, Dr Hermann 
Clemens Altmeppen1, Dr Berta Puig2, Prof. Dr.  Markus Glatzel1 

1Institute of Neuropathology, University Medical Center Hamburg-Eppendorf., Hamburg, Germany, 2Department of 
Neurology, Experimental Research in Stroke and Inflammation, University Medical Center Hamburg-Eppendorf., Hamburg, 
Germany 
 

Alzheimer's disease (AD) is the leading cause of dementia worldwide (>30 million people affected). The cause 
of the disease is unknown, and there is no causal treatment. The gradual deterioration of cognitive functions 
in AD is paralleled by a hierarchical progression of amyloid-plaques (Aβ) and hyperphosphorylated Tau protein 
in the brain, which suggests that propagation of these aggregates has a role in the pathophysiology of the 
disease. Extracellular vesicles (EVs), including exosomes and microvesicles, are membranous nano/micro-
structures released by most, if not all, cells. EVs carry proteins, lipids, and nucleic acids (DNA, mRNA, and 
miRNA), and they participate in cell-to-cell communication. However, the functionality and regulation of EVs 
(secretion, uptake, and cargo delivery) are not fully understood in the brain, where EVs have been related to 
essential functions such as neurotransmission and myelin maintenance. Recently, EVs emerged as relevant 
factors in neurodegenerative diseases, especially in AD, and they were described as disease biomarkers in the 
patient's fluids. Interestingly, they seem to have a dual role in AD: spreading pathological aggregates (Aβ and 
p-Tau) on the one hand and neuroprotection against the progression of the pathology on the other hand. 
Here we will describe the biology of EVs in AD in detail. We will characterize the composition and cellular 
source of EVs and their uptake mechanisms throughout AD progression. EVs from the brains of AD patients 
and age/sex-matched controls will be obtained, and their RNA and protein profiles will be characterized by 
novel transcriptomic and proteomic work-ups. Moreover, hiPSCs-derived neuronal cultures will be used as a 
model to elucidate the role of these AD-derived EVs. 
Our main goal is to generate mechanistic insight into EVs' neuroprotection in AD by combining deep 
phenotyping of patient-derived EVs with hypothesis-driven experiments in hiPSC to open the door to new EV-
based AD treatment options. 
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Δ⁹-Tetrahydrocannabinol (THC), the most prominent active constituent of the hemp plant Cannabis sativa, 
confers neuroprotection in animal models of multiple sclerosis (MS). However, the possible effect of THC on 
oligodendrocyte regeneration and myelin repair has never been studied. Here, by using oligodendroglia-
specific reporter mouse lines in combination with 2 models of toxin-induced demyelination, we show that 
THC administration enhanced oligodendrocyte regeneration, white matter remyelination, and motor function 
recovery. Interestingly, THC also promoted axonal remyelination in organotypic cerebellar cultures ex vivo. 
THC remyelinating action relied on the induction of oligodendrocyte precursor cell cycle exit and 
differentiation via CB1 cannabinoid receptor activation. Overall, our study identifies THC administration as a 
promising pharmacological strategy aimed to promote functional CNS remyelination in demyelinating 
disorders as MS. 
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Glucose supply from the blood to the brain is controlled by the glucose transporter GLUT1, highly expressed 
in astrocytes, which coordinate brain glucose supply, metabolization and storage. Ablating GLUT1 at the 
blood-brain barrier (BBB) endothelial cells leads to BBB breakdown, brain glucose hypometabolism and 
impaired cognition, but this approach cannot discriminate between insufficient glucose supply and BBB 
breakdown-derived effects. Such question is the focus of the present work, which aims to elucidate the 
relevance of astrocytic GLUT1 to cellular, brain and systemic glucose metabolism, and to cognition. 
 
To address these questions, GLUT1 was ablated from primary astrocytes. Real-time cellular metabolism was 
examined using an extracellular flux analyzer (Seahorse) and gene expression studies. In vivo, astrocytic 
GLUT1 was ablated using a tamoxifen-inducible Cre/LoxP approach (GLUT1ΔGFAP mice). 18F-FDG PET, 
glucose and insulin tolerance, insulin secretion and fasting-induced hyperphagia were characterized. Cold 
exposure, histology and gene expression were used to study brown adipose tissue (BAT) activity. BBB integrity 
was examined by vessel immunostaining and capillary-depleted brain analysis. Recognition and spatial 
memory were assessed using Novel Object Recognition and Morris Water Maze tasks. 
 
GLUT1-ablated astrocytes showed reduced glucose uptake and glycolysis, although preserving total ATP 
production. Unexpectedly, postnatal astrocytic GLUT1 deletion increased CNS glucose utilization. 
GLUT1ΔGFAP mice showed an improved metabolic status from which obese animals especially benefited. 
Specifically, GLUT1ΔGFAP mice were more efficient at suppressing hyperphagia and readjusting systemic 
glucose levels after hyperglycemia, exhibiting markedly increased insulin secretion. These effects were 
coupled with enhanced BAT activity, and reduced BAT adiposity. In parallel with this improved systemic 
homeostasis, GLUT1ΔGFAP mice performed both recognition and spatial memory tasks properly, even 
outperforming control mice. 
 
Overall, this study demonstrates that astrocytic GLUT1 ablation impairs astrocytic glucose availability but 
enhances brain glucose utilization, reprograms systemic glucose metabolism towards a more efficient 
glucose-handling phenotype and promotes cognitive abilities. 
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Physical activity became an effective way to modify the body composition. Changes in body composition 
during adolescence can affect manifestation of diseases such as obesity or diabetes later in life. In a previous 
work we found that males showed decreased adipose tissue contents after an exercise program with morning 
and evening sessions (2 sessions a day). Here, were analyzed the training effects during either morning or 
evening sessions in body composition and their molecular hypothalamic changes. 
 
In this study P20 adolescent rats (n=24) were trained in a forced program until P60. Different groups trained 
at ZT13 (n=6 AM exercise, n=6 AM sedentary) or at ZT23 (n=6 PM exercise, n=6 PM sedentary). On P24 and 
P57, the whole body of the rats was analyzed through computerized tomography. Food and water intake 
were measured every 24 hours. On P60, the hypothalamic region was removed, snap-frozen in under 10 
minutes after sacrifice, and stored at -80C until the mRNA isolation, cDNA synthesis and qPCR study. All the 
procedures regarding the qPCR methodology were performed by following the MIQE guidelines. Statistical 
analysis and graphs were performed with GraphPad Prism 9. 
 
Only the PM exercise group showed lower adipose tissue content (p<0.05). Both exercise groups showed 
higher lean content than the respective control groups (p<0.05). No differences were observed regarding 
body weight or body volume between the groups (p>0.05). No differences were observed in the food intake 
or the orexigenic/anorexigenic genes expression Pomc, Agrp, Npy, Cartpt (p>0.05). 
 
Our results suggest that the effects of morning or evening exercise on the body composition are not related 
to intake differences. Further studies are required to elucidate the molecular mechanisms responsible of 
these differential effects of exercise, dependent on the time of the day.
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During the last years, increasing evidence suggests that male and female brains react differently to insults. 
However, little is known about the mechanisms underlying this differences. Insulin-like growth factor-1 (IGF1) 
is a neuroprotective factor involved in regulating processes such us neurogenesis, synapse formation, anti-
inflammation and phagocytosis in brain damage situations.  
 
To investigate the role of IGF-1 in regulating neuroinflammation, we use a systemic treatment with 
Lipopolysaccharide (LPS) that induced an increase of GFAP expression, which was abrogated by IGF-1 
treatment only in males. In primary astrocyte cultures treated with LPS and IGF-1, we measured the levels of 
pro-inflammatory molecules by q-RTPCR and astrocyte engulfment of CY3-conjugated neuronal debris. LPS 
induced an increase of mRNA levels of TLR-2 and 4, iNOS, IP‐10, IL-1β, IL-6 and IL-10 in both sexes and a 
decrease of IRAK4 mRNA expression specifically in male astrocytes. The treatment with IGF1 was able to 
counteract the effect of LPS on mRNA expression of TLR4 in both sexes and the expression of IRAK4, iNOS, IL-
6 and IL-10 mRNA only in males. Furthermore, also in male astrocytes stimulated with LPS, IGF-1 induced an 
increase in neural debris phagocytosis.  
 
To evaluate the involvement of PI3K/AKT pathway in IGF-1 regulation, specific inhibitors of PI3K catalytic 
subunits p110α, p110β and p110δ, were tested. Only p110α inhibitor counteracted the effects of IGF-1 in 
male astrocytes, with no significant effects on females. Although all the catalytic subunits interact physically 
with IGF1-R in both sexes, the level of expression of p110α is higher in male reactive astrocytes treated with 
IGF-1 than in females.    
 
Taken together, our results reveal that IGF-1 affects the inflammatory and phagocytic function of astrocytes 
through a specific and sexually dimorphic interaction between IGF-1R and p110α. 
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Targeted editing of the neuronal epigenome has become a key methodology to improve our understanding 
of epigenetic function and regulation. These methods may also lead to the development of novel therapies 
to treat epigenome-associated diseases.  Among epigenome editing systems, the use of CRISPR (Clustered 
Regularly InterSpaced Palindromic Repeats) stands out for its versatility, ease of engineering, and cost-
effectiveness. The chimeric fusion of the nuclease-deficient dCas9 with epigenetic enzymatic activities 
enables locus-specific rewriting of epigenetic information by guide RNAs. However, the resulting chimeric 
proteins are often large in size and beyond the packaging capacity of the viral vectors most commonly used 
in neuroscience. To overcome this limitation, we have developed a novel, modular toolbox in which chimeric 
proteins are split into two smaller constructs taking advantage of nanobodies’ ability to bind with high affinity 
to the recognized epitope. More precisely, the dCas9 protein was fused to a nanobody that specifically 
recognizes GFP and GFP was fused with the catalytic domain of different effector proteins. We targeted our 
tool to unique promoters of the gene encoding the brain-derived neurotrophic factor, Bdnf, which due to its 
complex transcriptional regulation and pivotal role in synaptic plasticity and memory is a particularly relevant 
candidate for epi-editing. Results combining our tool with synthetic and epigenetic effector modules highlight 
the potential of this novel toolbox for precise neuronal epigenome editing and open new opportunities to 
elucidate the role of epigenetic mechanisms in the regulation of gene expression in both physiological and 
pathological conditions.  
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Injuries in the central nervous system (CNS) and nerve lesions have a strong impact on high financial expenses 
and quality of life for the patients. We present a nanostructured polymer scaffold based on bioresorbable 
elastomeric co-polyesters functionalized with graphene derivatives to promote the attachment, alignment 
and migration of stem and progenitor cells of neural (murine origin, mNSC, control) or dental pulp stem cells 
(human origin, hDPSCs). hDPSCs present substantial advantages with respect to other types of stem cells for 
CNS therapy, as hDPSCs express neural markers and neurotransmitter receptors and have an excellent 
capability to be differentiated towards neural lineage due to its neural crest origin. hDPSCs are resistant to 
hypoxic conditions & highly accessible, secrete neurotrophins and anti-inflammatory factors. 
 
Scaffolds of lactide and caprolactone based copolyesters were first nanopatterned with gratings of 300 nm 
linewidth and subsequently functionalized with polydopamine, which acted as an adlayer for the final 
immobilization of graphene oxide (GO). mNSCs or hDPSCs were seeded and videorecorded on these scaffolds 
for 72h. After 3, 7 and 10 days, cells were fixed and immunostained for neuronal and glial markers. 
Furthermore, the interactions, cell-to-cell contacts and synaptic connections were analyzed by SEM. 
 
Both type of stem cells instead of grow forming neuro / dentospheres, sedimented attached and elongated 
following the nanograting axis generating chains of cellular migration. Immunohistochemistry analyses 
showed the persistence of both neuronal and glial markers when seeded on GO-functionalized 
nanostructured scaffolds compared with the control. Furthermore the scaffolds were compatible with 
intracranial transplantation allowing to connect brain with olfatory bulb in a partially bulbectomized murine 
model. 
 
The combination of a nanostructured bioresorbable polymeric scaffold together with the functionalization of 
the surface with GO enables a simple and scalable method to align and guide the migration of neural and 
progenitor stem cells for future neuroregenerative therapies. 
 
Funding: UPV/EHU (COLAB19/03;GIU20/050;GIU16/66;UFI11/44;IKERTU-2020.0155) GV/EJ (GV-GIC15/52; 
IT-927-16;IT831-13;Hazitek ZE-2019/00012-IMABI & ELKARTEK KK-2019/00093), MICINN (PID2019-
104766RB-C21), MINECO (RYC-2013-13450). Polimerbio and Y. P. have a Bikaintek PhD grant (20-AF-W2-
2018-00001). 
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Atypical antipsychotics (AAPs) drugs, such as clozapine, remain the current standard treatment for 
schizophrenia in clinical practice. Although they directly recognize the orthosteric binding site of G-protein 
coupled receptors, these drugs have a very high affinity for the serotonin 5-HT2A receptors expressed in the 
central nervous system. Preliminary results from our group suggest an intrinsic activity of clozapine when 
interacting with 5-HT2A receptors aside from the activation of signaling effectors depending on G-protein 
coupling. We have also found that chronic clozapine treatment negatively regulates synaptic remodeling and 
cognition in experimental animals. However, further investigations are needed for understanding the 
molecular mechanism of action of AAPs.  
In order to study the effects of AAPs in synaptogenesis beyond the classical heterologous expression systems, 
we have generated an in vitro model based on the culture of neural stem (NS) cells obtained from murine 
fetal forebrain tissue for the subsequent differentiation into cortical neurons. Fetal frontal cortex is obtained 
at embryonic day 12 (E12) and the resulting cellular suspension is cultured using a specific culture medium. 
These NS cells grow as adherent monolayer cultures which can be easily differentiated into neurons using 
selective culture mediums. Neurons derived from fetal NS cells represent an ideal in vitro model mirroring 
the physiological system where AAPs perform their action through 5-HT2A receptors.  
Using this in vitro model, we have established an assay based on the rabies virus technology, which constitutes 
an unique monosynaptic tracer to unambiguously label directly connected neurons, in order to explore the 
AAPs effects on neuronal synaptogenesis and neuronal plasticity. Using the selective and retrograde spread 
of the rabies virus we are able to identify the initial rabies-infected cells and the presynaptically connected 
neurons, constituting an ideal approach to study synaptogenesis and mechanism of action of APPs. 
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The Morris Water Maze task has been used for many years to assess memory in rodent model studies. Many 
of these studies consisted of correlating synaptic plasticity mechanisms with behavioral memory changes. To 
date, Transcranial Magnetic Stimulation (TMS) technology induces plastic changes in the human cortex, 
therefore, we set the aim to develop a Virtual Water Maze (VWM) task to conduct experimental research on 
human memory and design translational studies. 
 
This work presents the development of an interactive graphical interface in which the user can navigate 
through a round pool in search of a hidden platform guided by four symbols presented in the pool's wall. 
During the different trials, the symbols and the platform remain in the same position, while the user appears 
in a random place within the pool. The user can move through the space using the arrow buttons on the 
keyboard and orientating the camera using the mouse. The data recorded from the videogame are: player's 
position coordinates (50 fps), time to complete each trial and time each signal is viewed. 
 
We performed an experimental pilot study (2 male subjects, real/sham) in which we paired the VWM with 
simple TMS pulses towards the motor cortex following a Paired Associative Stimulation (PAS) protocol. While 
the subject is searching the platform oriented by the symbols, we programmed the trigger of a single-pulse 
TMS each time the user guides the camera towards a signal and it enters the field of vision. Therefore, we 
synchronized an activation of the motor cortex with the cortical endogenous activation of spatial memory 
process. We measured the baseline of memory capacity using VWM and the cortical excitability using Motor 
Evoked Potentials (MEPs), before, immediately after and 30-minutes after PAS. 
 
The results unveiled a significantly potentiated spatial learning and motor corticospinal excitability in the 
experimental subject. 
 
We have developed a VWM task to measure spatial memory in humans both for evaluation and induction of 
cortical plasticity. 
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Pío del Rio-Hortega discovered microglia and oligodendroglia and he was, possibly, the most prolific mentor 
among all the direct disciples of Santiago Ramón y Cajal (Nobel laureate in Physiology or Medicine 1906, and 
considered as the father of modern Neuroscience). Among Río-Hortega´s mentees, there are three women, 
chronologically: 1) Pio’s niece Asunción  Amo del Río, technician specialized in the study of nervous system 
and specially neural tumours, who worked with Río- Hortega  at Madrid, Valencia, Paris and Oxford from 1922 
to 1939; 2) the distinguished Australian-born British pathologist Dorothy Russell, who also worked with Río-
Hortega at Oxford (1939-40), where she completed her technical formation in the metallic impregnations, 
that started under Wilder D. penfield (the most distinguished disciple of Don Pío) to become one of the 
leaders in the field of Neuropathology and brain  tumours after the death of Río- Hortega; and 3) Amalia 
Pellegrino de Iraldi, the last  mentee in Río-Hortega´s career, at Buenos Aires, who develop most of her career 
as professor at the Universidad de Buenos Aires, after being the most distinguished collaborator of Eduardo  
De Robertis, and Arvid Carlsson (Nobel laureate in 2000), making  fundamental contributions to the synaptic 
vesicles, cytoskeleton, and different `Hortegian´  subjects; among her disciples accounts Dr. Claudio Cuello 
(McGill University).  
In the present work, we introduce and discuss the research and contributions of these women at Río-
Hortega´s laboratory and thereafter for better comprehension of the History and its frame. The present work 
completes the contribution of women neuroscientists that worked with Cajal and his main disciples of the 
Spanish Neurological School.  
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RTP801/REDD1 is a stress responsive protein overexpressed in neurons of patients with neurodegenerative 
disorders such as Parkinson’s and Huntington’s diseases. Its main function is to inhibit the mTOR pathway and 
therefore has a pro-apoptotic effect in differentiated cells like neurons. Nevertheless, RTP801 might have 
other functions not yet elucidated. In preliminary results from our laboratory, RTP801 was found to interact 
with HSPC117 and DDX1, two proteins that are part of the tRNA splicing ligase complex, which performs the 
ligation of the tRNA fragments generated during splicing. Since alterations in tRNA metabolism have recently 
been associated to the development of some neurodegenerative diseases, we aimed to deeper study the 
relationship between RTP801 and these tRNA-processing enzymes.  
Here, we confirm by immunoprecipitation that RTP801 interacts with DDX1, which in turn interacts with 
HSPC117. Interestingly, we found that HSPC117 subcellular localization differs between wild type (WT) and 
RTP801 knockout (KO) mouse embryonic fibroblasts, being predominantly nuclear in the latter. Finally, we 
found that the levels of a neuron-specific tRNA are significantly reduced in the cortex of RTP801 KO mice 
compared to WT. These results suggest a novel role of RTP801 in tRNA processing, which must be further 
studied, as RTP801 could be a potential target to prevent altered tRNA metabolism in neurodegenerative 
diseases.  
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Despite the toxicity of the mutant HTT protein in Huntington´s disease (HD) has traditionally been considered 
the main cause of the disease, growing evidence indicates that small CAG repeated RNAs (sCAG) and other 
perturbed small non-coding RNA (sRNA) are implicated in the pathogenesis. Extracellular sRNAs (exRNA) in 
body fluids can be found  encapsulated in extracellular vesicles (EVs) and could act as toxic carriers. In HD, 
early diagnosis and prognosis biomarkers are needed for optimal clinical management, facilitating patients’ 
stratification and characterization along the disease course and treatments. Specifically, the study of exRNA 
in plasma supposes a promising approach for harbouring biomarkers, as reflection of disease status. Here, we 
describe an optimal method for plasma-EVs purification by Size-exclusion chromatography (SEC) and 
Ultrafiltration (UF). We also explored EV-sRNA content providing a deep exRNA analysis. Profiling of plasma-
EVs from three different cohorts, including manifest HD, premanifest HD and controls, revealed no differences 
in size and morphology of EVs. Instead, regarding EVs-exRNA, we show heterogeneous proportions of sRNAs 
biotypes distributions and distinct differential expression patterns profiles between groups. Using SeqCluster 
tool for sRNA analysis, we highlight that most sRNA-clusters in HD-EVs are downregulated in comparison to 
Control-EVs, with many changes occurring at premanifest stages. These findings suggest that alterations in 
circulating EV-sRNAs may reflect early clinical and pathological changes in HD patients. 
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During the development of the nervous system, synaptogenesis occurs in excess though only the appropriate 
connections consolidate. At the neuromuscular junction, competition between several motor nerve terminals 
results in the maturation of a single axon and the elimination of the others. The activity-dependent release 
of transmitter, and neurotrophic factors allow the direct mutual influence between motor axon terminals 
through receptors such muscarinic ACh autoreceptors (mAChRs) and the tropomyosin-related kinase B (TrkB). 
Thus, a multiple metabotropic receptor-driven downstream balance between PKA and PKC isoforms 
modulate the phosphorylation of targets involved in transmitter release and nerve terminal stability. A similar 
level of PKA inhibition and PKC potentiation would be required during development to promote synapse loss. 
We observed in the weakest endings on the polyinnervated NMJ that M1 subtype mAChR receptors reduce 
ACh release through the PKC pathway coupled to an excess of Ca2+ inflow through P/Q-, N- and L-type 
voltatge-gated calcium channels (VGCC). 
Here, we investigate the involvement of the VGCC in synapse elimination during development. Selective VGCC 
blockers and activators were applied daily on the Levator auris longus (LAL) muscle surface from P5-P8 
transgenic B6.Cg-Tg (Thy1-YFP)16 Jrs/J mice and the axon number and postsynaptic receptor cluster 
morphologic maturation were evaluated in P9 NMJ. We found that both L- and P/Q-type VGCC (but not the 
N-type) are equally involved in postnatal axonal competition and synapse elimination. The block of these 
VGCC or [Ca2+]i sequestration results in the same delay of axonal loss that the cPKCβI isoform block or PKA 
activation. However, nPKCε block results in a significant greater delay suggesting the involvement in this case 
of a calcium-independent mechanism. The involvement of the VGCC in the postsynaptic maturation seems 
more complex and some contribution of the N-type VGCC canot be discarded and merites further 
investigation. 
 
Funding: PID2019-106332GB-I00, 2017PFR-URV-B2-85,2017SGR704, PRE2020-092084, 2021-FI-B00755, 
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PS3-02 
Effects of shortening the habituation protocol on exercise capacity during 
adolescence of rats 
Dr. Marta Martínez1, Angel Toval1, Yevheniy Kutsenko1, Dr. Antonia Alonso1, Daniel Garrigós1, Alberto Barreda1, 
Bruno Ribeiro Do Couto1, Ferrán Jose Luis1 

1Murcia University, Murcia, Spain 
 

The brain causal mechanisms working on peripheral tissues during a physical activity are poorly understood. 
In previous studies we developed a model to analyze motor responses based on a habituation program to 
exercise consisting of a progressive increase of the training load. This initial phase is determinant to improve 
motor performance during training programs in forced running conditions. Determine if shortening the 
habituation program modify responses in exercise capacity, and if this can be related with muscle peripheral 
adaptations. 
Sessions of the habituation in forced running wheel were developed throughout 2, 4 and 8 days of training. 
Once the habituation phases were completed, rats were subjected to an incremental exercise test to 
determine the physical capacity. Samples of gastrocnemius and soleus were used for qPCR and Western blot 
analysis of markers involved in muscle adaptation. 
The total time of running during the incremental test was of 37.78 ± 2.65 min for 8 days habituated rats but 
15.84 ± 1.22 min for non-habituated rats (wheel control). In the case of 4 days habituated rats the total time 
of running was 36.02 ± 2.67 min with 17.35 ± 2.86 for the control. Finally, we found that after 2 days of 
habituation, rats run during the incremental test 28.95 ± 3.94 min, but 19.97 ± 2.57 min in the case of the 
control. We didn´t observed any differences in selected muscle markers in terms of mRNA molecules or 
protein concentrations justifying peripheral adaptations.  
Shortening of habituation period to 4 days produce similar effect in the incremental test than 8-days 
habituation period. However, 2 days habituation period produce a decreased response during the 
incremental test compared with 4- and 8-day habituated rats. The differences in running can not be justified 
in terms of muscle peripheral adaptations, strengthening a central nervous system effect. 
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The amygdala is recognized as the master regulator of the stress response and plays a key role in social 
behaviour and cognition. Using cell-specific functional mapping, it has been shown that, in the mouse 
extended amygdala, different types of GABAergic neurons are involved in this regulation. These neuronal 
subtypes originate in different embryonic divisions of the subpallium. Using an evodevo approach, 
homologous cells have also been found in chicken. However, the extended amygdala of mouse and chicken 
also includes glutamatergic neurons. In mouse, some of these glutamatergic cells express the transcription 
factors Otp or Sim1. The Otp cells mostly populate the medial extended amygdala and were initially thought 
to originate in an Otp-expressing domain of the alar hypothalamus. However, our laboratory recently showed 
that most of these Otp glutamatergic cells also coexpress the telencephalic transcription factor Foxg1, and 
originate in a distinct telencephalon-opto-hypothalamic embryonic domain (TOH), at the border between 
telencephalon and hypothalamus. In addition, Sim1 cells originate in the alar hypothalamus and migrate to 
other parts of the amygdala. In this project, we investigated whether similar Otp and Sim1 cells are found in 
the chicken amygdala. To that aim, we performed double labeling of in situ hybridization for Otp or Sim1, and 
immunohistochemistry/immunofluorescence for Foxg1 in the chicken brain. Our results demonstrate: 1) The 
existence of a TOH domain in chicken, coexpressing Otp/Sim1 and  Foxg1, that produces cells for the medial 
extended amygdala. 2) A subset of Sim1 expressing cells that seems to migrate from the alar hypothalamus 
to the capsular part of the central extended amygdala. These findings open the venue for further studying 
the  connections and functions of these different neuronal subtypes and their relation to the GABAergic cells 
of the extended amygdala. 
 
Funding from the European Union’s Horizon 2020 research and innovation programme under the Marie 
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The subventricular zone (SVZ) of the lateral ventricles is one of the neurogenic niches of the adult mammalian 
brain. Neural stem cells (NSCs) populating this niche are pre-specified since early embryonic stages, but they 
remain quiescent until its postnatal reactivation. At this time, they give rise to different types of interneurons 
that migrate through the rostral migratory stream (RMS) to populate the olfactory bulb. Although many 
studies have been carried out in the last years characterizing the particular cellular behaviour of these NSCs, 
important questions are still open including their activation dynamics throughout the postnatal period. 
Building on the embryonic specification of NSCs, we can target them using in utero electroporation. This 
method allows in vivo DNA transferring in order to label, analyze fine cell morphology or conduct functional 
experiments to perturb the expression of genes of interest, among other approaches. In the present work, 
we analyze the activation dynamics of NSCs in the SVZ since early ages of postnatal development until 
adulthood implementing lineage-tracing studies by in utero electroporation in Cre-reporter mice.
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The “phylotypic” denomination of pharyngula embryonic stage arises from being considered as the most 
conserved developmental period across species from a given phylum. The evolutionary similarities in the 
phylotypic stage have long been observed morphologically and have also been confirmed transcriptionally in 
the last decade. At this intermediate point in development, segmentation and organogenesis processes 
stablish a phylum-wide common body-plan or bauplan. This simultaneous early formation of multiple organs 
is thought to be governed by a common set of phylotypic genes, which are evolutionarily conserved due to 
their pleiotropy. In the brain, most of these patterning genes are historically known to contribute to 
primordial, widely conserved neural structures development. Nonetheless, inter-species comparisons beyond 
individual master genes are still challenging considering the lack of in-depth brain transcriptomic data at cell 
type level. To overcome this shortage, we performed single cell transcriptomics analysis of the phylotypic 
brains from representative vertebrata species: mouse (Mus musculus), chicken (Gallus gallus), gecko 
(Paroedura picta) and zebrafish (Danio rerio). Added to our current neuroanatomical knowledge and in situ 
hybridization assays, this ground-breaking tool allowed us to map the cell types that comprise the phylotypic 
brains of these species and compare their gene expression levels. Therefore, these transcriptomic brain 
atlases from several species not only complement current evolutionary neural cytoarchitectonic knowledge, 
but also provide deeper insights of cell type homologies across vertebrates. In conclusion, our results confirm 
the existence of an ancestral phylotypic brain and sheds light on the reasons why its cell types have been 
barely modified for over 500 million years despite thereafter speciation events in vertebrata.
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Over the last decades a growing body of studies has provided evidence for the heterogeneity of neural 
progenitor cells (NPCs). Distinct subsets of progenitor cells are destined to become lineage-restricted while 
others function as bi/multipotent providing a molecular and functional diversity of their neural lineages. The 
multi-color genetic lineage tracing system, UbC-StarTrack, allows an independent tracking of sister clones 
derived from a common targeted progenitor under in vivo conditions.  As a result, we designed different 
StarTrack strategies to permanently label individual progenitor cells and their progeny accordingly with the 
identity of the NPCs (Sánchez-Gonzalez et al 2020a). In particular, we used the UbC-(Gsh-2-hyPB)-StarTrack, 
with a PiggyBac transposase under the expression of Gsh-2 promoter (Sánchez-González et al., 2020b), now 
enabling to specifically target progenitor cells located in the ventricular surface of the mouse embryonic 
subpallium (ventral area of the telencephalon). The derived-cell progeny of those early embryonic subpallial 
progenitors produced the different neural types: astrocytes, oligodendrocytes, NG2 and even neurons. In 
addition, this strategy allowed us to perform an accurate analyses of the clonal relationships between the 
derived-cell progeny of those targeted individual subpallial progenitors, that could generate daughter cells of 
different lineages.  
Our findings illustrate the degree of progenitor heterogeneity, particularly considering the molecular and 
functional diversity of their cell-derived progeny. Moreover, data revealed the lineage relationships of 
individual subpallial progenitors and their daughter cells, that might help to gain new insights into their 
behavior, complexity and functionality. 
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GABAergic interneurons (INs) are inhibitory cells necessary to balance excitation and inhibition in the brain. 
During development, INs migrate from their site of origin towards their final destination, where they build 
stable neural circuits together with the excitatory cells. Thus, our aim is to unravel the mechanisms that direct 
INs migration and circuit assembly in the mouse thalamus. We specifically investigate, first, the role of 
thalamic activity on INs migration and integration, and second, to what extent the abnormal embryonic 
thalamic activity affects the distribution of cortical interneurons. We have seen changes in the number of 
dorso lateral geniculate nucleus (dLGN) INs in mice lacking embryonic thalamic spontaneous activity, and 
strikingly, changes also in the density and morphology of microglia. In addition, in primary sensory cortices, 
the proportion of Somatostin-positive and Parvalbumin-positive INs varies between mice lacking thalamic 
spontaneous activity and control littermates. Thus, normal patterns of thalamic spontaneous activity appear 
to contribute to the circuit assembly both in the thalamus and in the cortex.
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Radial glial progenitor cells (RGCs) in the dorsal telencephalon directly or indirectly produce excitatory 
projection neurons and macroglia of the neocortex. Recent evidence shows that the pool of RGCs is more 
heterogeneous than originally thought and that progenitor subpopulations can generate particular neuronal 
cell types. Using single cell RNA sequencing, we have studied gene expression patterns of RGCs with different 
neurogenic behavior at early stages of cortical development. At this early age, some RGCs rapidly produce 
postmitotic neurons, whereas others self-renew and undergo neurogenic divisions at a later age. We have 
identified candidate genes that are differentially expressed between these early RGCs subpopulations, 
including the transcription factor Sox9. Using in utero electroporation, we demonstrate that elevated Sox9 
expression in progenitors affects RGC cell-cycle duration and leads to the generation of upper-layer cortical 
neurons. Our data thus reveal molecular differences between progenitor cells with different neurogenic 
behavior at early stages of corticogenesis and indicates that Sox9 is critical for the maintenance of RGCs to 
regulate the generation of upper layer neurons.
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The assemble of the brain from a pool of Neural Progenitor Cells (NPCs) is a complex process. Increasing 
evidence supports the heterogeneity of NPCs across and within distinct brain regionsand their importance for 
the generation of the different neural types. Some studies suggest that progenitor diversity is more restricted 
to one specific lineage whereas others show a potential cell diversity depending on the spatio-temporal 
patterning.  Neural stem cells give rise to transient progenitors termed neuroepithelial cells  that generate 
Radial Glial Cells (RGC), multipotent progenitors that produce, in overlapping waves,  neurons, astrocytes, 
NG2-glia and oligodendrocytes. However, although RGCs are the most known cortical NPCs, NG2-glia (or NG2-
cells) is another remarkable cell type that can also act as a progenitor. In the adult mouse brain NG2-glia is 
able to generate OLs, Astrocytes or even Neurons. Moreover, our previous works  revealed the existence of 
NG2-progenitors during development, enable to produce different neural cell lineages depending on the 
embryo stage.  
To elucidate the cell potential of single-NPCs, my lab developed the UbC-StarTrack  a multicolor genetic tool 
that allow us to tag single progenitors with stable and heritable labelling.This strategy, based on PiggyBac 
system, consists of the integration (thanks to a hyperactive transposase PiggyBac -HyPBase) of twelve 
plasmids that codify up to six different fluorescence proteins (XFs) aim to cytoplasm or nucleus.  To target 
single NG2 or GFAP-progenitor cells, we echanged the CMV-promoter of HyPBase in UbC-StarTrack for NG2 
or GFAP-promoter in UbC-(NG2-PB)-StarTrack or UbC-(GFAP-PB)-StarTrack, respectively. After targeting NPCs 
at either E12, E14, E16 or P0, we performed a clonal analysis of the derived-cell progeny at P30. Data showed 
that GFAP- and NG2- expressing progenitors produce distinct cell types and whose differentiation potential 
changes with time and space. Our results provide new data of the lineage cell potential of NG2 and GFAP-
progenitors that strengthen the heterogeneity of NPCs during cortical development.  
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Microglia originate from yolk sac progenitors and invade the brain at embryonic stages to progressively 
become integrated in the parenchyma, presenting a brain-specific phenotype that distinguish them from 
other tissue macrophages. During the first postnatal weeks of development, microglia go over a period of 
high transcriptional heterogeneity before their mature phenotype is settled. However, the molecular 
mechanisms by which microglia identity and function are established and maintained are largely unknown. 
We hypothesize that microglia morphology and function progressively mature once they enter the brain 
parenchyma. To test this hypothesis, we focused on the hippocampus because it develops its cellular network 
during the first postnatal weeks, when microglia heterogeneity is at its peak. We analyzed microglial 
morphology and phagocytosis efficiency by confocal microscopy, and microglial dynamics by 2-photon 
microscopy. We found that microglia progressively invaded the hippocampal dentate gyrus from postnatal 
day 2 (P2) to P10. We are currently exploring two possible routes of colonization: one resembling that of 
neural precursors, based on the co-localization with the reelin scaffold; and another one related to meningeal 
macrophages, which decrease over time as microglia increase in the parenchyma. Then, microglia 
progressively acquired a branched morphology and achieved their highest efficiency of phagocytosis at P14. 
Hence, they invaded the hippocampus in the first postnatal days, and subsequently acquired their 
characteristic morphology, dynamics, and mature function. The concurrent maturation of microglia and the 
hippocampal structure in the first postnatal days suggests the intriguing hypothesis of an active role of the 
brain environment. Deciphering the microglial maturation program is highly relevant because early changes 
could be genetically imprinted and lead to long-term functional alterations, which could have an impact in 
many neurodevelopmental and neurodegenerative disorders.
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In the mammalian neocortex, information corresponding to different sensory modalities is processed 
separately in specialized cortical areas. Nevertheless, brain regions that process the inputs from different 
senses are interconnected and provide contextual information to each other, allowing multisensory 
integration. However, how this integrative and crossmodal network is formed and shaped during 
development is not well understood.  
 
We have recently reported axonal exuberance as a principal cellular strategy for the establishment of cortical 
circuits. At the early stages of development, neurons from most areas and layers of the neocortex develop 
transient projections to ipsi- and contralateral cortical territories. Normally, these exploratory branches are 
not stabilized. However, in the context of loss of sensory inputs or brain insult in young brains, this early 
plasticity facilitates the rearrangement of crossmodal canonical connections, resulting in non-canonical 
circuits. Such might be the case of congenitally blind people, where visual cortices respond strongly to 
auditory inputs. 
  
To investigate how these associative networks are initially formed and later on refined, we reconstructed 
audio-visual circuits by combining in-utero electroporation (for anterograde labeling) with stereotaxic 
injections of the Cholera Toxin Subunit-B (for retrograde labeling) in wild type adult and postnatal mice. We 
observed that both, primary (V1) and secondary (V2) visual areas, receive inputs from distinct auditory areas. 
Interestingly, the degree of crossmodal connectivity between these regions changes during postnatal 
development, being secondary areas more represented in the adult circuit. Furthermore, we noticed that the 
cortical layers involved in this circuit also differed between stages of development. These findings suggest 
that the audio-visual network undergoes extensive remodeling during the first weeks of life, highlighting the 
importance of early axonal plasticity for the acquisition of the final configuration of cortical circuits. 



 

PS3-12 
TREK channels and their physiological role in the intracardiac neurons: 
focusing on temperature and intracellular acidification 
Ms. Ana Campos-Ríos1, Ms. Diana Rodrigues2,3, Dr Lola Rueda-Ruzafa1, Dr. Salvador Herrera-Pérez1, Dra Patricia 
Monteiro2,3, Dr J.A. Lamas1 

1CINBIO, University of Vigo, Vigo, Spain, 2Life and Health Sciences Research Institute (ICVS), School of Medicine, University 
of Minho, , Portugal, 3ICVS/3B’s–PT Government Associate Laboratory, Braga/Guimarães,  Portugal 
 

The intrinsic activity of the intracardiac nervous system is determined by cardiac pacemarkers and is strongly 
modulated by the sympathetic and parasympathetic branches of the autonomic nervous system. Although 
general mechanisms controlling cardiac activity have been extensively studied, little is known about the 
electrical properties and function of parasympathetic neurons in the intracardiac ganglion (ICG).  
 
TREK channels, a subfamily of two-pore domain potassium (K2P) channels, are proteins with a crucial role in 
maintaining resting membrane potential and controlling excitability, but their function in the ICG remains 
unclear. In this work we investigated the effect of changes in physiological parameters such as increased 
temperature and intracellular acidification and how these variations affect to cultured mouse ICG neurons 
behaviour. First, the presence of TREK channels in the ICG was assessed by RT-qPCR and western-blot analysis. 
Using electrophysiological patch-clamp technique (perforated-patch), passive and active properties were 
examined at 24 and 37 °C and before and after cytosolic acidification. In current-clamp experiments, the 
excitability of ICG neurons was clearly reduced when the temperature was increased from 24 to 37 °C, the 
neurons resulted hyperpolarized, the action potential firing rate decreased, and some action potential 
characteristics were also affected. The same phenomenon occurred when the cytosolic pH was diminished. 
Consistently, in voltage-clamp both physiological temperature and intracellular acidification induced outward 
currents and an increase in conductance through K+ channels. These currents showed similar characteristics 
to those driven through TREK-type channels.  
 
Altogether, these results highlight the  contribution of TREK channels in establishing neuronal excitability 
properties at physiological temperature and their role as neuroprotective channels in both  temperature and 
intracellular acidification responses.  
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Parkinson's disease (PD) is characterized by a progressive loss of dopaminergic neurons in the substantia nigra 
compacta (SNc) and accumulation of α-synuclein (α-syn), which underlies complex functional and structural 
changes in striatal spiny projection neurons (SPNs). Although a reduction in SPNs dendritic spine density has 
been reported in either postmortem studies of advanced PD patients or rodent models of parkinsonism, it is 
unknown if these alterations occur since the onset of the nigrostriatal dopaminergic degeneration. Thus, our 
aim was to study the temporal sequence of functional and structural changes in striatal dendritic spines. For 
that purpose, animals were inoculated in the SNc with an adeno-associated viral vector coding for A53T 
mutated human α-syn (hα-syn) and evaluated at 72h, 1, 2 and 4 weeks post-inoculation (p.i.). Synaptic 
plasticity by chemical stimulation of LTP (cLTP) in isolated striatal synaptosomes and measurement of striatal 
dopamine by HPLC were assessed. The analysis of the density and morphology of SPNs dendritic spines was 
performed by microinjection and high-resolution confocal microscopy. The hα-syn group showed an 
inhibition of cLTP (p<0.001) and a decrease in dopamine content (p<0.01) since 72h p.i. even before the 
presence of hα-syn in the striatum and significant dopaminergic neurodegeneration. These functional 
alterations are associated with a dendritic spine remodeling, as observed by a significant loss of thin spines, 
along with an increase in the head volume of thin and mushroom spines. These structural changes occur 
before the development of parkinsonian motor signs and could represent a compensatory mechanism to 
enhance the function of existing spines, balancing the observed decrease in spine turnover. Thus, our results 
indicate dysfunctional neurotransmission by impaired striatal synaptic plasticity since very early time points, 
leading to dendritic spine remodeling, before the manifestation of motor impairment.
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N-methyl-D-aspartate receptors (NMDARs) are pivotal players in synaptic transmission and plasticity 
underlying learning and memory. Consequently, synaptic dysfunction of NMDARs has been implicated in the 
pathophysiology of Alzheimer´s disease (AD). The major structural correlate of the cognitive decline and 
related symptoms of Alzheimer disease (AD) are mainly attributable to synaptic failure. Given the 
predominant roles of synaptic NMDA receptors (NMDARs) in excitatory synaptic transmission in the brain, 
changes in their dynamic regulation have been involved in the pathophysiology of AD. Here we use the P301S 
tauopathy mouse model to examine possible alterations of GluN1, the obligatory subunit of NMDARs, in 
neurons that overexpress human tau (P301S mutated gene) in hippocampal neurons, using histoblots and 
high-resolution immunoelectron microscopic techniques. Histoblots showed that the total amount of 
NMDARs and their laminar expression pattern in different dendritic layers of the CA1 region of the 
hippocampus decreased significantly in ten-months-old P301S mice compared to age-matched wild type mice 
but was unaltered in three-months-old P301S mice. At the ultrastructural level, two synapse populations were 
examined using SDS-digested freeze-fracture replica labelling in the stratum radiatum in mice of 10 months 
of age: i) on spines of CA1 pyramidal cells; and ii) on dendritic shafts of CA1 interneurons. P301S mice 
exhibited a significant reduction of synaptic GluN1 compared with wild-type mice in both pyramidal cells (WT: 
616,5 ± 25,2 immunoparticles/µm2; P301S: 392,5 ± 27 immunoparticles/µm2) and interneurons (WT: 541,6 
± 31,6 immunoparticles/µm2; P301S: 353,7 ± 23,1 immunoparticles/µm2) (P<0,0001). Our data demonstrate 
an age-dependent reduction of synaptic NMDARs in P301S mice. These findings support the notion that the 
progressive accumulation of phospho-tau is associated with synaptic alteration of NMDARs can take place in 
the absence of Aβ pathology. 
Supported by MINECO grant RTI2018-095812-B-I00; and JJCC grant SBPLY/17/180501/000229 
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Metabotropic glutamate receptor subtype 5 (mGlu5) is implicated in the pathophysiology of Alzheimer´s 
disease (AD). However, its alteration at the subcellular level in neurons is still unexplored. Here, we provide a 
quantitative description on the expression and localisation patterns of mGlu5 in the APP/PS1 model of AD at 
12 months of age, combining immunoblots, histoblots and high-resolution immunoelectron microscopic 
approaches. Immunoblots revealed that the total amount of mGlu5 protein in the hippocampus, in addition 
to downstream molecules (i.e., Gq/11 and PLCβ1), was similar in both APP/PS1 and age-matched wild type 
mice. Histoblots revealed that mGlu5 expression in the brain and its laminar expression in the hippocampus 
was also unaltered. However, the ultrastructural techniques SDS-FRL and pre-embedding immunogold, 
demonstrated that the subcellular localisation of mGlu5 was significantly reduced along the neuronal surface 
of hippocampal principal cells, including CA1 pyramidal cells and DG granule cells, in APP/PS1 mice at 12 
months of age. The decrease in the surface localisation of mGlu5 was accompanied by an increase in its 
frequency at cytoplasmic sites in the two neuronal populations. Together, these data demonstrate for the 
first time a redistribution of mGlu5 from the plasma membrane to intracellular sites in different principal cells 
of the hippocampus in APP/PS1 mice, suggesting an alteration of the excitability and synaptic transmission 
that could contribute to the cognitive dysfunctions in this AD animal model. 
Supported by MINECO grant RTI2018-095812-B-I00; and JJCC grant SBPLY/17/180501/000229 
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Long-term potentiation (LTP) evoked by high frequency stimulation (HFS) is a very well-known experimental 
procedure that shares certain mechanisms with learning and memory processes. LTP is a typical example of 
synaptic plasticity, which appears after applying an HFS train to the afferent pathway of a CNS synapse. 
Basically, it consists in an increase of the synaptic response to a control stimulus following the presentation 
of the HFS train. This technique is studied mostly in the hippocampus due to its high susceptibility to LTP 
induction and its laminar nature that allows the study of synapses with different ultrastructural dispositions. 
Although most of preceding studies have been performed in vitro, we have developed a new experimental 
approach to carry out these experiments in behaving animals. The main goal of this study was to confirm that 
there are synaptic changes in strength not only in the synapse where LTP is induced, but also in those post-
synaptic to it. We studied field excitatory post-synaptic potentials (fEPSP) evoked in five hippocampal 
synapses, located in both ipsi- and contralateral hemispheres (PP-CA1i, PP-CA3i, PP-CA1c, CA3-CA1i, and CA3-
CA1c). HFS was presented to the perforant pathway (PP). Animals were prepared for chronic recordings in 
the mentioned synapses following procedures described elsewhere (Gruart et al., J. Neurosci., 2006). We have 
characterized input/output curves, paired pulse facilitation (PPF) and LTP of these synapses. We also 
performed depth-profile recordings, which showed differences in the synapses’ latency. Data from 
input/output curves and PPF proved that the five studied synapses have similar basic properties, which makes 
their later comparison easier for subsequent analysis. Importantly, regarding HFS of the PP, we observed the 
presence of significant LTP both at the CA3-CA1c and PP-CA1c synapses, lasting at least two hours in the first 
day of recording. In conclusion, these results indicate that LTP can be evoked at synapses located far away 
from the stimulated afferent pathways. 
 
Financial support: MINECO (BFU2017-82375-R to A.G. and J.M.D.-G.). M.T.R.-B. held a MICIU predoctoral 
fellowship (PRE2018-085117).
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Neurons are highly polarized cells with an asymmetric morphology, thus implying an asymmetric distribution 
of proteins. Protein synthesis is vital to guarantee the correct neuronal function. Under physiological 
conditions, proteins need to be appropriately sorted to the target cellular compartment where they elicit 
their function. Noteworthy, protein synthesis is not always carried out by the classical translation pathway, in 
which proteins are synthesized in the rough endoplasmic reticulum and after maturation, proteins are 
transported to the target compartment. Protein translation can also be executed by another way based on 
the delivery of the mRNA to the target site, where mRNAs will be locally translated into proteins. This process 
is known as local protein synthesis. 
Neuronal local translation allows for a faster reaction of neural processes in response to environmental cues 
and contributes to the maintenance of axonal and dendritic homeostasis. In the Peripheral Nervous System, 
it has been described that extracellular vesicles (EVs) secreted by Schwann cells are capable of contributing 
to local protein synthesis and regenerate injured nerves. Nevertheless, it is so far unclear whether glial cells 
are involved in local protein synthesis. 
Recent evidence show that in Alzheimer´s disease (AD) pathology local protein synthesis is involved in the 
transmission of β-amyloid pathology from the axons to the soma. In this way, the retrograde transport of 
proteins synthesized in the axon in response to amyloid peptide leads to pathological transcriptional changes 
that contribute to neurodegeneration in AD. Furthermore, previous results of our research group have found 
evidences supporting that EVs secreted in presence of astrocytes modifies the levels of translation in axons 
of the Central Nervous System in vitro, both under physiological and AD conditions. Based on these facts, the 
working hypothesis is that astrocytes contribute to presynaptic translatome through the transfer of EVs in 
physiological and AD conditions.  
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Local protein synthesis is a conserved mechanism by which mRNAs are localized to the cell periphery and 
proteins are synthesized at target sites. Local translation is especially relevant in polarized cells like neurons 
so that neurites can rapidly react to changes in their environment. For instance, the exposure of isolated 
axons to β-amyloid oligomers (Aβo), central to Alzheimer’s disease, induces local protein synthesis and 
mediates neurodegeneration contributing to the disease. However, axons are not isolated in the nervous 
system but surrounded by other compartments or non-neuronal cells. Our laboratory is interested in the 
contribution of glial cells to local translation in neurons. Others have reported that extracellular vesicles (EVs) 
secreted by astrocytes are involved in the regulation of different neuronal functions. Based on these data, we 
hypothesize that astrocyte-derived EVs are delivered to neurons to modulate local protein synthesis in 
physiological and Aβo- induced conditions. 
To assess the relevance of astrocytes in neurons local proteome, we isolated somata and neurites from 
primary cortico-hippocampal neurons cultured in Boyden chambers in absence/presence of astrocytes and 
analysed the extracted proteins by LC-MS/MS. Results show that the presence of astrocytes in control 
conditions changes the neuritic proteome. Gene Ontology analyses show that proteins significantly regulated 
in presence of astrocytes vs their absence are mainly involved in RNA binding, processing and translation. In 
Aβo-induced conditions, astrocytes also change neuritic proteins compared to only- neuron cultures, with 
translation-involved proteins among them. To determine whether these proteins are locally synthesized in 
neurites, we have selected 176 and are analysing their corresponding transcripts in somata and neurites. 
We have also assessed if EVs are directly involved in translation regulation. Isolated EVs from neuron-
astrocyte cultures increase translation levels in neurites, suggesting that EVs are relevant for local protein 
synthesis in neurons. We are deeply studying EVs by LC-MS/MS to search for translation regulators. 
Altogether, our data provide a new mechanism of local translation regulation in which astrocyte-derived EVs 
could play an important role.
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Purpose: Due to the heterogeneous sensitivity of the different retinal neurons to glutamate agonists, our 
objective is to compare the effect of two glutamate agonists, N-methyl D-aspartate (NMDA) and kainate (KA) 
on inner retinal cells. Recently, our group has developed a mouse model of inner retina degeneration induced 
by a combined intravitreal injection of those two glutamatergic agonists. Methods: C57BL6/J mice were 
intravitreally injected into the right eye with 1μL of PBS containing NMDA 10 mM or KA 3 mM (1μL PBS was 
inoculated into the contralateral eye). The effect on retinal function was evaluated post-injection by 
optomotor test and electroretinographic (ERG) recording. The structural retinal damage was assessed by 
immunohistochemical labelling of retinal cells on retinal sections. Results: Intraocular injection of NMDA/KA 
(10/3 mM) induces the abolition of optomotor response and a strong decrease of ERG b-wave at one-week 
post-treatment, but does not show any functional nor structural alterations in photoreceptors. Both 
excitotoxic agents, when injected independently, caused a complete loss of optomotor response just 3 days 
post-injection. The sole KA (3 mM) treatment produced the loss of b-wave ERG components, both in scotopic 
and photopic conditions. By contrast, NMDA-treated eyes preserved these ERG components, but a marked 
decrease in their amplitude was observed. Nonetheless, no significant changes on the “a” wave amplitude 
were found after the injection of both agents. Immunohistochemical labeling showed no effects of NMDA nor 
KA on the outer nuclear layer, but a moderate damage on the inner retinal layers in NMDA-injected eyes, and 
a deleterious effect in KA-injected eyes. Conclusion: Retinal damage induced by KA shows a stronger effect 
than NMDA. However, differences observed between NMDA and KA injection could be caused by the different 
sensitivity of the retinal neurons, maintaining the possibility of inducing a synergic interaction with lower 
concentration of KA.
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Synapses use plastic mechanisms to adjust the strength of the neurotransmitter release to any situation. At 
the neuromuscular junction (NMJ), muscarinic acetylcholine receptors (mAChR) participate in synaptic 
plasticity as presynaptic autoreceptors sensing and controlling the release of acetylcholine (ACh). M₁ and M₂ 
subtypes increase and decrease, respectively, neurotransmitter release. M₂ involves PKA and M₁ PKC. Several 
PKC and PKA targets contribute to the synaptic vesicle exocytosis and their coordination is fundamental to 
achieve the extraordinary speed, precision and plasticity of neurotransmission although the molecular 
signaling regulation is unknown. Therefore, the present study is aimed to know how M₁ and M₂ mAChRs 
regulate (1) their own and mutual expression, (2) PKA subunits dynamics and activity, (3) PDK1 activity, (4) 
nPKCε and cPKCβI, and (5) Munc18-1, MARCKS and SNAP-25 phosphorylation. We performed 
immunohistochemistry and confocal techniques to evidence the presynaptic location of the regulated 
molecules. Specific inhibitory reagents were used to block M₁ and M₂ mAChR, nPKCε, cPKCβI, PKA and PDK1 
activity.  
Main results obtained from Western blot, co-immunoprecipation and subcellular fractionation experiments 
showed that: (1) M₂ downregulates M₁. (2) M₂ inhibits PKA activity by downregulating Cβ subunit, 
upregulating RIIα/β and liberating RIβ and RIIα to the cytosol reducing the phosphorylation of SNAP-25 on 
Thr-138 and CREB. M₁ signaling opposes to M₂ by recruiting R subunits to the membrane. (3) M₁ and M₂ 
mAChR activate the master kinase PDK1, which promotes the priming of the presynaptic PKCβI and PKCε 
isoforms. (4)M₁ recruits both primed-PKCs to the membrane and promotes (5) Munc18-1, SNAP-25 and 
MARCKS phosphorylation. In contrast, M₂ downregulates PKCε through a PKA-dependent pathway, which 
inhibits Munc18-1 synthesis and PKC-phosphorylation. 
The results demonstrate the coordinate and dependent action of the M₁ and M₂ mAChRs on ACh release 
SNARE-SM mechanism involving PKC and PKA to regulate neurotransmission and guide towards potential 
therapeutic targets.  
 
Funding: PID2019-106332GB-I00, 2017PFR-URV-B2-85, 2017SGR704, LE1511314-2014PEJ-04, PRE2020-
092084, 2021-FI-B00755, LE1911587-2019PEJ-04.
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Transcranial Direct-Current Stimulation (tDCS) is a non-invasive brain stimulation technique that can influence 
brain excitability. Although previous studies have demonstrated the modulatory effects of tDCS on cortical 
activity in different brain regions, the mechanisms underlying its physiological effects are not fully 
understood. It has been hypothesized that different neuronal populations diversely response to exogenous 
electric field according to their morphology and orientation. In this study, we use an optogenetic approach to 
know about the impact of the electric field on different neuronal groups. 
For that, wild-type mice were injected with an adeno-associated virus containing the gene encoding ChR2 
preceded by the CAMKII promoter to selectively photostimulate glutamatergic neurons in the primary 
somatosensory cortex (S1). Three weeks after virus infection, mice were prepared for chronic recording of 
LFPs in S1 during photostimulation and simultaneous tDCS in head-restrained condition. 
The evoked field potentials in response to blue light was characterized for different light duration and 
intensity by using optrodes. To describe the impact of tDCS on glutamatergic neuronal population, short 
pulses (15 s, including 5 s ramp up and 5 s ramp down) of transcranial currents were delivered over S1 at 
different intensities and polarities (±50, ±100, ±150 and ±200 µA). An electrical stimulus (0.2 ms, <0.2 mA) 
was applied to whisker pad 2 s before photostimulation as a control during tDCS protocol.  
The induced field potentials in response to blue light were proved to be directly dependent on both light 
exposure and light intensity. During the application of anodal tDCS, we observed an increase in the amplitude 
field potentials induced by whisker and optogenetic stimulation whereas cathodal tDCS decreased it. 
 These results prove that optogenetics is a valid and effective technique to study the effects of tDCS on distinct 
neuronal populations, a fundamental knowledge to understand and optimize future clinical applications. 
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Müller cells are crucial in retinal homeostasis. In zebrafish and lower vertebrates, spontaneous retinal 
regeneration was observed. In the mammalian retina, there is no such evidence. However, recent studies 
have been demonstrated that Müller cells promote the survival and the neurite outgrowth of RGCs in vitro. 
Here, the effect of Müller cells from two of the largest mammals in the world, Fin and Sei whales, was analyzed 
on RGCs survival and neurite outgrowth. 
The retinas of beached Balaenoptera physalus and Balaenoptera borealis whales, 24h post-mortem, were 
studied. Cultures of Müller cells were grown and, once whale Müller cells reached confluence, adult rat RGCs 
were seeded on Müller cells. The cells were cultured during six days. The number and length of the neurites 
of the RGCs were quantified. The conditioned media (CM) from whale Müller cells was analysed by mass 
spectrometry to identify and quantify proteins. Results were compared to the CM from pig Müller cells. NELL2, 
SEMA3F, CD56, NRCAM, OGN and PEDF were selected as candidate factors to promote neurite outgrowth 
and tested in pure rat RGCs cultures. 
RGCs survival increased 60% when cultured with whale Müller cells. The length of the neurites (>200μm) 
increased 90% and the length of the longest neurites (>1000μm) increased more than 500%. Proteomic 
analysis from whale Müller cells CM showed that the function of the 10% of the most represented proteins 
detected were related to neurite outgrowth, compared to only 2% of the proteins in pig CM. The selected 
proteins induced an increase in the percentage of RGCs with long neurites (>200μm) and an increase of 200% 
in RGCs with very long neurites (>1000μm). 
Whale Müller cells increase RGCs neurite growth, suggesting that whale Müller cells secrete a combination of 
neurotrophic factors promoting regeneration of RGCs. Besides, the selected proteins from the CM increase 
neurite outgrowth, confirming the capacity of the factors secreted by whale Müller cells to regenerate RGCs. 
 
Supported by ELKARTEK (KK-2019/00086), MINECO-Retos (PID2019-111139RB-I00) Grupos UPV/EHU 
(GIU2018/50) 
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Oligodendrocytes make myelin and support axons metabolically with lactate. Experience and neuronal 
activity can induce dynamic changes in myelination during development and in adult life, suggesting a new 
form of plasticity to adapt brain function to environmental stimuli. Myelin remodeling is driven mainly by 
newly-formed oligodendrocytes from precursors cells. However, the role of mature oligodendrocytes in 
plastic changes of myelin is practically unknown. We have generated transgenic mice, using the CreERT2-lox 
technology, overexpressing the DREADD receptor hM3Dq under the PLP promoter, specific of mature 
oligodendrocytes. Chronic stimulation of hM3Dq receptors induced an increase in myelination of axons in 
cerebral cortex and corpus callosum, and consequently, an increase in axonal conduction velocity of 
interhemispheric callosal connections. Importantly, acute stimulation of hM3Dq+ activates metabolism in 
oligodendrocytes. We detected an increase in glycolytic rate and in lactate production and release. Moreover, 
these higher metabolic coupling between oligodendrocytes and axons maintained axonal function under high 
frequency stimulation and prevented axonal damage secondary to oxygen glucose deprivation. We then 
tested the impact of mature oligodendrocytes stimulation to promote remyelination and protect axons in 
demyelinating disease models. Preliminary data show that chemogenetic oligodendrocyte stimulation 
ameliorates motor symptoms of mice with experimental autoimmune encephalomyelitis, a model of multiple 
sclerosis. Taken together, these findings indicate that this chemogenetic mouse line is a very useful tool to 
elucidate the contribution of mature oligodendrocytes to myelin remodeling in physiological and pathological 
conditions, and reveals a novel role of myelin-axon lactate shuttle in axonal protection. 
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Several neurotransmitters have been shown to act on oligodendrocytes or their precursors but the function 
of this action is unknown. Neurotransmitter agonism or antagonism influences the development and 
differentiation of oligodendroglia and, as a result, the myelination process. Dopamine receptors have been 
reported to exist in oligodendrocyte precursor cells (OPCs) but evidences about their function are scarce. We 
have generated enriched oligodendroglia cultures from rat cortical neural progenitor cells, followed by O4+ 
cell sorting, as well as by direct conversion from adipose tissue stromal cells overexpressing Sox10 + Olig2 + 
Zfp536 (SOZ-induced oligodendroglia). RT-qPCR analysis showed that both D1-type (DRD1 and DRD5) and D2-
type (mainly, DRD2) mRNA are expressed in brain-derived OPCs and that differentiation by growth factor 
(EGF, bFGF and PDGF-AA) withdrawal and T3 addition changed to a predominantly D1-type expression. SOZ-
induced oligodendroglia showed a similar expression pattern of dopaminergic receptors. Functionality of 
these receptors was assayed by measurements of cAMP levels in response to dopaminergic agonists and 
antagonists. Immunofluorescence (O4 and NG2) analyses show that dopaminergic agonists of both types 
influence the proliferation and morphological maturation of oligodendroglia. These results support that 
dopamine inhibits oligodendrocyte differentiation and myelination. Excess of dopamine during the formation 
of neuronal tracts might have a negative effect on their myelination and thus impair their functionality. An 
impaired myelination of some corticofugal tracts due to a hyperdopaminergic environment at critical periods 
of brain development might be in the basis of neuropsychiatric disorders like schizophrenia.
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Astrocytes have been traditionally studied as a homogeneous group, however, recent research has started to 
evidence their heterogeneity between different brain areas and within the same region. Our hypothesis is 
that specialized astrocyte subsets are responsible for the modulation of specific neuronal circuits. In the NAc 
converge different glutamatergic signals coming primarily from the medial prefrontal cortex (mPFC), 
basolateral amygdala (Amyg), and ventral hippocampus (vHip), providing us the perfect structure to study the 
presence of specialized astrocytic networks. 
In this work, we analyze whether astrocytes establish segregated populations in the NAc with intrinsic 
properties and functional consequences for the circuit. To this end, we have used optogenetic manipulations 
to perform afferent-specific synaptic stimulation to the NAc, combined with a new adapted technique 
(CaMPARIGFAP, calcium-modulated photoactivatable ratiometric integrator under GFAP promoter) to 
specifically dissect the active astrocyte circuits with spatio-temporal precision.  
We demonstrate that NAc astrocytes show pathway-specific interactions with the glutamatergic afferents 
coming from the mPFC, Amyg, and vHip, and that this activity unexpectedly does not correlate with 
glutamatergic innervation patterns, suggesting astrocytic connectivity, i.e. activation of a precise astrocytic 
population in response to specific glutamatergic inputs. Moreover, the activation of these defined spatial 
astrocytic networks are not influenced by alterations in astrocyte density or by uneven expression of mGluR5. 
Finally, we show that different sub-populations of astrocytes in both NAc regions receive and integrate signals 
arising from all the excitatory afferents. 
This work reveals astrocytic functional heterogeneity in the NAc regarding glutamatergic signaling, showing 
pathway-specific astrocytic responses mediated by mGluR5. Also, all these observations provide a potential 
explanation for comprehension of how NAc integrates information from multiple glutamatergic regions. 
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Epilepsy is among the most common and severe neurological disorders, yet epileptogenesis is poorly 
understood. The epileptic focus in temporal lobe epilepsy is frequently found in the hippocampus, where it 
causes sclerosis and aberrant neurogenesis in the dentate gyrus. Our goal here is to understand what 
alterations take place in the neurogenic niche during epileptogenesis. 
Organotypic hippocampal cultures (OTCs) are a widely used in vitro model of temporal lobe epilepsy, and 
offers unique optical access to the hippocampal circuit over days and weeks in vitro. We have successfully 
established a model of OTCs and retro viral vector-based cell labeling of newborn neurons in order to assess 
aberrant neurogenesis in epileptic conditions induced by addition of the GABA-A receptor antagonist 
picrotoxin (PTX).  We have verified that the epileptic environment reduces newborn neuron density, 
diminishes their morphological complexity and increases cell death.  
Through the addition of cerium nanoparticles (CeO2NPs), which harness strong anti-oxidative stress action, 
we have reversed cell death and recovered newborn neuron density. The reduction in morphological 
complexity of newborn neurons induced by PTX was however worsened by CeO2NPs.  
We have also observed that in epileptic conditions there is a reduction in GABA cell density, and specifically 
in GABAergic newborn neurons. Our hypothesis is that newborn neurons need GABA input to be GABAergic. 
By adding tetrodotoxin, which mimics the effect of increasing GABA input in the slices, we observed that the 
GABAergic newborn neuron percentage was recovered. This proves that blocking GABA-A receptors is not the 
reason why there are fewer GABAergic newborn neurons in epileptic conditions, but the activity that occurs 
after this blocking, which favors hyperexcitation. Therefore, we can conclude that GABAergic newborn neuron 
survival does not depend on GABA input, increasing our interest in trying to assess what occurs during the 
GABAergic period. 
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Local RNA translation allows the cells to respond fast and efficiently to environmental stimuli. Local 
translation is especially important in highly polarized cells, such as neurons, because it provides axons and 
dendrites a means for an accurate response to fast environmental changes. Although most of the work on 
local protein synthesis in brain cells has been performed in neurons, we now know this phenomenon is not 
restricted to these cell types. For instance, local translation has been described in peripheral astrocytic 
processes. In astrocytes local protein synthesis is essential for astrocytes to be involved in synapsis (Sakers et 
al., 2017). Furthermore, in oligodendrocytes it has been seen that MBP is translated locally in 
neurodegenerative conditions and during differentiation (Quintela-Lopez et al., 2019). Only recently localized 
translation in microglia has been established (Vasek et al., 2021), however its role in the pathophysiology of 
the brain has not been addressed. We propose that local translation in microglia plays fundamental roles in 
brain function and dysfunction. 
We have exposed microglia to different stimuli, like LPS, ATP, Aβ and MCSF, and analysed how they affect 
local translation in microglial peripheral processes. LPS is the only stimulus inducing changes in local protein 
synthesis, as well as inducing changes in global RNA localization at the interface between microglial lamellae 
and filopodia (the leading edge). Additionally, Actb transcripts are increased in microglial lamellae and 
filopodia in response to LPS with LPS. 
So far, our results indicate that local protein synthesis might be required for the inflammatory response in 
microglia cells. We are currently analysing localized translation of Actb and other transcripts involved in cell 
polarity and cytoskeletal rearrangements using puromycilation combined with proximity ligation assay (Puro-
PLA).
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The mutant mouse Lis1/sLis1 is a model of mild human lissencephaly that is very useful to study the role of 
the gene LIS1 in the pathophysiological mechanisms related to this disease. A prominent clinical feature of 
lissencephaly is the presence of intense epileptic seizures, and we have studies the pharmacology of the 
generation of epileptiform electrophysiological activity in the anterior cingulate cortex (ACC) of the Lis1/sLis1 
mouse. The experiments were done using coronal brain slices and extracellular recording of epileptiform 
discharges (ED) in layer 2/3 of the ACC; the ED were evoked by electrical stimuli applied to layer 1 and in the 
presence of bicuculline (a blocker of GABAA receptors). 
The sensitivity to bicuculline (tested at concentrations of 0.1–20 microM) of then generation of ED was similar 
in WT and Lis1/sLis1 ACC. The bicuculline D50 was 3.26±1.16 microM, n=11 and 2.95±1.22 microM, n=9 (WT 
and Lis1/sLis1 respectively); the D50 was measured from the dose-response relationship between the 
concentration of bicuculline and the size of the ED. To explore the role of AMPA receptors in the generation 
and propagation of ED we tested the effects of AMPA receptors antagonists. CNQX (1microM; a blocker of 
AMPA/kainate receptors) produced an increase of the latency of ED that was significantly larger in WT than 
in Lis1/sLis1 slices (WT: 15.35±2.67ms, n=11; Lis1/sLis1: 9.40±4.02ms, n=8; p=0.029 RankSumTest). 
GYKI53655 (2microM; a selective AMPA receptor blocker) produced a dose-dependent increase of the latency 
that was larger in WT than in Lis1/sLis1 (WT: 39.03±13.27%, n=4; Lis1/sLis1: 3.27±3.88%, n=6; p=0.038, 
RankSumTest), and a similar decrease of the size of ED (WT: 32.12±20.8%, n=4; Lis1/sLis1: 31.76±15.4±3.88%, 
n=6; n.s.) 
These data suggest that in Lis1/sLis1 ACC the sensitivity of the generation of ED was normal, but there were 
abnormalities in AMPA receptors. 
Work supported by MINECO/AEI/FEDER (SAF2017-83702-R), GVA (PROMETEO/2018/041), ISCIII 
(“RD16/001/0010”), co-funded by ERDF/ESF, “Investing in your future”, WOP, and FTPGB (FTPGB18/SM) to S. 
Martinez. The Institute of Neurosciences is a “Centre of Excellence Severo Ochoa (SEV-2017-0723)”. 
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In mice, individual recognition is based on the major urinary proteins present in urine, detected by the 
vomeronasal system. These signals are integrated into the posteromedial cortical amygdala (PMCo). The 
PMCo projects to the dorsal lateral entorhinal cortex (dLEnt), which also receives olfactory inputs from the 
main olfactory bulb and piriform cortex. Thus, vomeronasal information from the PMCo may converge in the 
dLEnt with olfactory information, from where it would be relayed to the dorsal hippocampal CA1 (dCA1), 
reaching the hippocampal memory system as a complex chemosensory input. To assess the effect of urine 
stimuli on the c-Fos activity of the PMCo-dLEnt-dCA1 circuit, we tested the preference of CD1 female mice to 
investigate male urine (n=5) or a control odorant (citralva; n=5) located in a particular corner of the cage 
during a 90 minutes test. Exploratory behavior was quantified with DeepLabCut, a software based on deep 
learning methods, and subsequent data were processed with self-written Python code. This analysis showed 
that male urine induced a significantly higher exploration than citralva. The immunofluorescent detection of 
c-Fos revealed a significantly higher expression in the PMCo and dLEnt in mice exploring urine. Since neurons 
in dLEnt projecting to dCA1 are reelin-positive, we performed a double immunofluorescence detection of c-
Fos and reelin. The results showed a significantly higher number of c-Fos/reelin-positive neurons in the 
experimental group and a positive correlation with exploration time. In contrast, the number of c-Fos-positive 
cells in dCA1 did not differ between mice exploring urine or the neutral odorant. The results suggest that 
vomeronasal information encoding individual identity reaches the hippocampal memory system through the 
dLEnt. The lack of differential c-Fos expression in CA1 may indicate that citralva is also inducing memory 
formation, but following a different path.  
 
Funded by the Spanish Ministry of Science and Innovation-FEDER (PID2019-108562GB-I00).
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The avoidance of danger and the detection of possible threats to the survival are behaviours present in all 
animal organisms. In fact, detecting and avoiding danger has probably been a strong evolutionary pressure 
for the development of sensory systems allowing this survival behaviour.  
 
In animals, detecting the presence of a predator nearby and avoiding the territories with abundant predator 
signals is an important advantage for the survival of prey. In many mammals this detection is based on 
chemical cues. The chemical cues of other species that signal the presence of a predator are called 
kairomones. In Mus musculus, previous studies have reported possible kairomones for a variety of natural 
predators as foxes, cats or rats. 
 
In this work we report a series of experiments with the objective of investigating the aversive or avoidance 
behaviour of mice against some chemical cues obtained from cats (cotton impregnated with saliva; cotton 
impregnated with secretions of the perianal gland of a cat; and cat bedding) and trimethylpirazine 13, a 
molecule found in wolf urine that has been reported to elicit avoidance behaviour in mice.  The predator-
derived stimuli were presented in preference tests against the same type of substrate containing the stimuli 
(cotton, bedding or filter paper), either clean of with saline.  
 
Our results show no statistical difference in the time spent investigating the neutral and the predator odours 
used, and we observed no sign of avoidance or freezing behaviour. We conclude that the presence of these 
chemical cues is not sufficient to elicit avoidance or defensive behaviours. We hypothesize that, for the 
occurrence of this species-typical behaviours, it might be necessary the co-occurrence of other factors, 
related with the context, the internal state of the animal and the chemical characteristics of the stimuli. 
 
Funded by the Spanish Ministry of Science and Innovation-FEDER (PID2019-108562GB-I00) 
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One of the most complex issues in episodic memory is how the different types of information that contribute 
to an event are integrated. Within the hierarchy underlying memory formation, spatial (where) and temporal 
(when) memory must be integrated with social (who) memory to compose a complete episodic memory.   
Anatomical data suggest that vomeronasal information (encoding individual identity in mice) reaches the 
hippocampus indirectly via the lateral entorhinal cortex. 
Since the primary vomeronasal cortex is the posteromedial cortical amygdala (PMCo), we hypothesize that it 
constitutes the first step of a putative pathway for integrating pheromonal signals into hippocampal-
dependent memory in rodents. To test this hypothesis, simultaneous local field potentials (LFPs) in the PMCo 
and CA1 were recorded in awake head-fixed mice while exploring a virtual environment associated with 
olfactory and vomeronasal stimuli. The system consisted of testing corridors in which mice can navigate using 
a running wheel in a one-dimensional space, forcing exploration of experimentally controlled stimuli. 
Active exploration was highly correlated with theta activity (5-12 Hz), not only in the hippocampal LFP but 
also in the PMCo. Consequently, high-coherence oscillations of both signals evidenced theta epochs, 
indicating plausible oscillatory theta co-activity. Furthermore, causal epochs could be detected during these 
active periods. A salient feature of this theta profile was its co-occurrence with gamma waves (30-200 Hz), a 
cross-frequency interaction related with phase encoding related to hippocampal formation. 
We focused our analysis on the different spectral signatures profiled by gamma waves embedded in theta 
cycles. A similar set of five theta-nested spectral components was present in both PMCo and CA1 when 
vomeronasal signals were present, again suggesting coupled neural processing in the two areas, related to 
the incorporation of conspecific information into hippocampal memory 
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The posterior intralaminar thalamic nuclei (PIN = Parafascicular nucleus + Ethmoid-Limitans nucleus) are a 
massive source of subcortical excitatory inputs to the striatum. Moreover, PIN neuron axons simultaneously 
innervate the cerebral cortex as well; however, the functional logic of this divergent projection is currently 
unclear. Likewise, sources of cortical and subcortical input to PIN neurons remain poorly defined. 
  
Here, using wild-type adult C57BL/6 male mice as experimental subjects, we set out to a) map PIN afferents; 
b) sort out the relationship between PIN subregions and the cortical + striatal territories targeted by their 
projections; and c) elucidate the existence of differences in axon varicosity morphology/size in PIN axons in 
specific cortical layers or areas and/or striatal (matrix/striosome) domains. We made selective microinjections 
of biotin dextran amine (BDA) or a mixture of BDA and Cholera Toxin B Subunit in different PIN subdomains 
to visualize their efferent and afferent projections. We applied immunolabeling against µ-opioid receptor or 
glycine transporter 2, or histochemical stainings as thionin, cytochrome oxidase or acetylcholinesterase to 
delineate relevant brain territories. 
 
Our data show that the mouse PIN receive massive inputs from, among other structures, motor cortex layer 
5 cells and the multimodal intermediate/deep layers of the superior colliculus. Cortical layer 6 projections are 
robust as well. In turn, PIN projections to striatum and cortex are topographically organized, and the same 
PIN neurons innervate somatotopically-congruent regions in both structures. Axonal varicosity sizes vary 
depending on the target structure and the origin of the axons within the various PIN subregions. These 
observations suggest that the divergent PIN output to the striatum and the cerebral cortex is segregated into 
parallel, somatopically-related subcircuits. 
 
Supported by: European Union's Horizon 2020 (HBP SGA3 GA 945539) and Ministerio de Economía y 
Competitividad / Fondo Europeo para el Desarrollo Regional (MINECO/FEDER) BFU2017-88549. 
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Disruption of neural synchrony and spatio-temporal communication in brain circuits involving the prefrontal 
cortex (PFC) and the hippocampus (HPC) has been suggested to be a hallmark characteristic of 
neuropsychiatric disorders such as schizophrenia (SCZ). SCZ patients show positive symptoms that can be 
effectively managed with antipsychotic drugs (ADPs). However, negative symptoms and cognitive deficits are 
inadequately treated. Therefore, a better understanding of the prefrontal-hippocampal neural basis of these 
symptoms is essential for the development of new treatments. We investigated the alterations of prefrontal-
hippocampal circuits in the acute (PCP) and subchronic (sPCP) phencyclidine mouse model of SCZ, that assess 
the positive and cognitive symptoms of SCZ, respectively, and examined the recovery by typical and atypical 
APDs. First, we recorded neural activity in the PFC and HPC of C57BL/6J mice treated acutely with PCP alone 
or PCP followed by one APD (risperidone, clozapine or haloperidol). Acute PCP produced 
hypersynchronization and disrupted communication of prefrontal-hippocampal pathways that were 
efficiently recovered by ADPs. In another set of mice, we recorded the activity before and after administration 
of sPCP during an open field exploration, three auditory tasks and the novel object recognition test that 
assesses working memory and long-term memory abilities. We also investigated behavioral and 
neurophysiological rescue by a 14-day risperidone treatment. sPCP-treated mice showed abnormal gamma 
oscillations (30-100 Hz) and theta-gamma cross-frequency coupling during rest. Notably, auditory perception, 
working memory and long-term memory were profoundly impaired in sPCP-treated mice and were 
accompanied by disrupted prefrontal-hippocampal functional connectivity. Both, memory deficits and 
functional connectivity were rescued by risperidone. Our findings suggest that abnormal prefrontal-
hippocampal neurodynamics may contribute to the neural mechanisms of SCZ and some of these alterations 
can be rescued by ADPs.
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Spatial cognition relies on a complex circuitry in which the hippocampal formation seems to be crucial. The 
subiculum is a region located at the core of this circuit, it receives inputs from grid cells located in the medial 
entorhinal cortex (MEC) and place cells from the CA1 area of the hippocampus. It integrates input from these 
two relevant spatial information sources and mediates the output from the hippocampus to cortical and sub-
cortical areas also involved in spatial coding. Despite the potential relevance of the subiculum, its role in 
memory and spatial coding is still poorly understood. Previous work described a very heterogeneous 
population of spatial neurons in the subiculum, with evidence of its role in coding the geometry of the 
environment and in spatial navigation in darkness. However, its role in spatial coding remains to be unveiled. 
With the aim of understanding further the properties of spatial coding in the subiculum, we implanted mice 
with microdrives mounting tetrodes and multisite electrodes aiming at the CA1 and subicular area, and 
recorded neuronal activity across different behavioral paradigms. Our results indicate that place cells in CA1 
present higher spatial resolution and sharper firing fields than those of subicular neurons. Also, place cells in 
the CA1 area seem to be differentially modulated by the local field potential. Interestingly, we found 
pyramidal neurons in the subiculum with periodic firing, the first evidence of this type of regular firing in 
subicular pyramidal neurons. 
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The ventral posterior nucleus (VP) of the thalamus is the relay station for somatic sensory inputs to the cortex. 
Thalamocortical axons carrying mechanoceptive information from mystacial vibrissae follicles to the primary 
somatosensory area (S1) in rodents are a key model in sensory systems neuroscience. In contrast other 
thalamocortical pathways originated in rodent VP have received much less attention, to the point that even 
their cellular wiring remains poorly defined. Here, using micropopulation and single cell-axon labeling, 
systematically charted and analyzed structural differences between the various output circuits established 
between VP cells and the cerebral cortex.  
 
Our data show that, while, as expected, axons coming from populations in rostrodorsal VPM target area S1 
upper layer 4 (L4) in focal, point-to-point fashion, the cells in a large ventrocaudal domain of VPM target 
instead the second somatosensory area (S2) L4, also in point-to-point fashion. Besides, cells from a 
ventrolateral VPM domain target S1, arborize in layers 2-3 and deep L4, avoiding “barrel” cores. Cells in the 
lateral ventroposterior nucleus (VPL) target S1 and S2 simultaneously, often via collaterals of the same axons. 
Reconstruction of the complete axonal tree of transfected single cells (Neurolucida) reveals quantitative 
differences in the distribution of axonal arborizations in different areas and layers. Our results indicate the 
existence of several parallel thalamocortical pathways between VP and somatosensory cortices, depending 
each of a specific projection neuron subtype.  
 
Human Brain Project (HBP SGA3 GA Nº 945539, SGA2 Nº 785907) and Ministerio de Economía y 
Competitividad / Fondo Europeo para el Desarrollo Regional (MINECO/FEDER) BFU2017-88549. 
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It has been shown that previously perceived working memory (WM) items have an effect on current WM 
reports. This effect is called serial dependence and has been shown to rely on the interaction of active neural 
representations and long-lasting activity-silent mechanisms in prefrontal cortex (PFC) [Barbosa, Stein et al., 
2020]. Furthermore, it has been shown that WM representations are more frequent for contralateral than for 
ipsilateral memorized locations in PFC [Funahashi et al., 1989] and that active representations transfer 
between hemispheres when midline-crossing saccades occur in the delay [Brincat et al., 2021]. This indicates 
the consistent specialization of each hemisphere for the corresponding visual hemifield in WM. However, 
serial dependence challenges this view as it is unclear how it can emerge when consecutive stimuli appear in 
different hemifields, which engage independent neural substrates. Here, we investigate the transfer of serial 
dependence between visual hemifields and the associated prefrontal correlates across hemispheres, in order 
to shed light on the mechanisms of integration of lateralized WM storage. We collected simultaneous multi-
unit recordings in bilateral PFC of 3 monkeys performing an oculomotor visuospatial delayed response task. 
We analyzed behavioral responses, and population coding in neural data in relation to serial dependence. 
Decoding from neural traces was used to predict behavioral biases of the monkeys for separate hemifields 
and hemispheres. We found that serial dependence of stimuli presented across hemifields was diminished in 
comparison to trials within the same hemifield. Furthermore, the decoded neural traces between 
hemispheres reflected these differences. We conclude that small biases towards previous memories in WM 
are partly supported by lateralized mechanisms. This shows an incomplete continuity of serial dependence in 
WM, which is in line with the activity-silent theory for serial dependence.  
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Real-world signals such as communication sequences unfold over time with a characteristic temporal 
structure. Recognizing temporally ordered patterns is key to survival. To explore how cortical neuronal activity 
underpins this capacity, we recently developed a task in which mice distinguished between tactile ‘word’ 
sequences constructed from distinct vibrations delivered to the whiskers, assembled in different orders. We 
combined task performance with two-photon imaging and optogenetics.  
 
Animals licked to report the presence of the target sequence. Mice could respond to the earliest possible cues 
allowing discrimination, effectively solving the task as a ‘detection of change’ problem, but performed better 
when responding later, after more evidence could be collected.  
 
Sequence selectivity can emerge generically in neurons through widespread forms of synaptic plasticity, and 
our expectation was that learning the task would induce cortical neurons to refine their sensory tuning simply 
by becoming more selective to the target sequence. Instead, two-photon imaging showed that, upon learning, 
neurons in both the primary somatosensory cortex (S1) and posterior parietal cortex (PPC) responded to 
multiple task variables, including not just sensory input but also the animal’s action decision (goal-directed 
licking) and the trial’s outcome (presence or absence of the predicted reward). However, optogenetic 
inactivation showed that while S1 was necessary for sequence discrimination, PPC was not. This indicates a 
dissociation between the response properties or “codes” that neurons in a cortical area exhibited in the task, 
and the causal involvement of that area in the task.  
 
Our results show that (1) conditioning on a goal-directed sensory discrimination task results in neurons within 
sensory and association cortex whose activity reflects the learnt links between target stimulus and licking; (2) 
cortical neuronal activity reflecting task variables can simply broadcast those variables without playing a 
causal role in task performance.  
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Understanding the laminar organization of brain areas is crucial to appreciate function and dysfunction. A 
diversity of cell types and input pathways distribute unevenly through neocortex and brain areas. Regional 
differences of cell-type specific innervation by local GABAergic interneurons shapes brain parcellations. 
Importantly, recent studies suggest that in some regions, such as the hippocampus, a more granular 
lamination can be defined across the CA1 deep and superficial sublayers. Strikingly, this fine-grained 
microstructure is revealing critical to evaluate histopathological entities associated to a range of neurological 
diseases.  
Here, we describe a toolbox of neural probes suitable for evaluating the laminar organization of the brain at 
the neurophysiological, optogenetic and spectroscopic levels. Using ultra-dense Neuropixel probes, we obtain 
laminar recordings and well-isolated spiking activity of hundreds of neurons across several brain regions. Non-
canonical 3D-oriented penetrations allow for simultaneous assessment of neocortical, hippocampal and 
brainstem nuclei of awake head-fixed mice. Using spectral analysis and unsupervised spike sorting techniques, 
we isolate the different contribution from neocortical and hippocampal activity, which when histologically 
validated permits resolving neurophysiological laminar profiles at high resolution. Next, we use high-density 
silicon probes with integrated micro-light emitting diodes (LEDs) combined with cell-type specific optogenetic 
for dissecting sublayer composition in the hippocampal area CA1. We show successful optotagging of a wealth 
of different neuronal types, including pyramidal cells and a diversity of GABAergic interneurons. Finally, we 
map depth-resolved Raman signals using tapered optical fibers to obtain spectroscopic laminar profiles of the 
chemical composition of brain parenchyma. We identify specific Raman signatures of fatty acid and 
triglycerides, as well as lipid and proteins differentially expressed across brain depth, which can be tracked 
histologically. 
We discuss how this sophisticated toolbox of neural probes may allow for an unprecedented multimodal 
evaluation of brain structure and function in health and disease 
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Physical exercise has a positive impact on brain and cognition. Previous results from our laboratory confirmed 
that these positive effects are not only present in animals that went through a forced protocol of exercise of 
moderated intensity (F0), but also in their sedentary male offspring (F1). Both exercised fathers and their 
litters had a cognitive advantage in behavioural tests that evaluate recognition memory and pattern 
separation abilities, and had increased levels of adult hippocampal neurogenesis. These results were 
replicated in three different experimental designs and the transmission via paternal lineage was confirmed. 
In the present work we tested if these effects are also inherited by a second generation (F2). Results indicate 
that the cognitive advantage reaches the F2, but are not accompanied by increased levels of adult 
hippocampal neurogenesis.
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Spatial navigation is a very complex, multi-process function. In humans it is often studied using computer 
programs (via virtual reality or through a regular computer screen).  Our goal was twofold:  first, to create an 
apparatus to study spatial navigation in a more lifelike, less abstract approach, where subjects navigate 
through a real space. Second, to use this device to disaggregate and evaluate the components of spatial 
navigation through different tests.  
We built a cylindrical structure (3 meters in diameter and height) with 5 computers connected to 4 led 
matrixes and a motorized laser. Everything is wirelessly controlled via WiFi. Two protocols were designed to 
specifically evaluate the different reference frames used during spatial navigation (i.e., egocentric and 
allocentric). The allocentric evaluation protocol consists of finding a goal’s position (signaled by shining a laser 
on the floor) relative to spatial cues displayed through the led matrixes. The egocentric evaluation protocol is 
a scalable maze-like test simulating a grid of successive structures. This is accomplished by making the subject 
to enter and exit the structure through specific places to advance to the “next” position. Different positions 
are achieved by showing consequent combinations of images and cues on the led matrixes. Both protocols 
have a computerized version to (i) achieve a more reliable evaluation of the allocentric component, (ii) to 
compare the strategy and score differences between physical and virtual protocols, and (iii) to make a non-
priming longitudinal evaluation. 
We are currently validating the difficulty of the protocols for different scenarios, as we are planning to study 
how several pathologies (Alzheimer’s disease, autism spectrum disorders, Parkinson’s disease…) and variables 
(physical exercise, transcranial direct current stimulation, transcranial magnetic stimulation, age…) affect 
performance and strategies in each test.
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One of the most accepted theories about the pathogenesis of Autism Spectrum Disorder (ASD) is the 
alteration in the proportion of excitatory projection neurons (PNs) and inhibitory cortical neurons (cINs). 
Similar to findings in humans, the mouse model of autism, knockout for the Cntnap2 gene, displays migration 
abnormalities of PNs and reduced number of cINs and associated alterations in both the excitatory and the 
inhibitory networks.  
Hence, the aim of our work is to decipher how each specific class of neurons contributes to the 
pathophysiology of ASD. For this, we have generated two conditional mouse models with specific forebrain 
deletion of Cntnap2 in either cINs or PNs by means of cre-lox technology.  
Behavioral characterization of the models involves tests for the core domains of autism, including vocal 
communication, social behavior, and repetitive behavior, as well as tests for autism-related behaviors such as 
hyperactivity and sensory reactivity, shown to be altered in the full Cntnap2 KO mouse. Preliminary results in 
both conditional KO mouse models did not find a significant difference between the conditional mice and 
their controls in any of the tests. 
These results suggest that the absence of Cntnap2 gene exclusively in cINs or in PNs do not seem to be enough 
to cause the ASD phenotype. Further studies are needed to identify the involvement of other neurons from 
different networks in the deficits observed in the KO full model. 
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It is generally accepted that learning is a functional state of the brain that can only be fully understood during 
the very moment of its acquisition, storage or retrieval. We believe that learning and memory are distributed 
functional states (rather than localized, transient processes) requiring the participation of numerous neural 
structures and their proper and timed activation. The generation of new motor abilities is an essential 
component of the learning process. In this regard, we studied cerebellar interpositus nucleus (INTn) 
functioning by recording its unitary activity in behaving rabbits during an associative learning task (classical 
eyeblink conditioning). The reason is that the INTn has been related to the generation of the conditioned 
eyeblinks but is still unclear its specific role compared to other brain motor areas. We recorded INTn neurons 
in chronically implanted rabbits during classical eyeblink conditioning using a delay paradigm. We identified 
INTn neurons by their antidromic activation from the contralateral red nucleus and synaptic activation from 
the facial motor cortex. We have compared the activity of INTn neurons during classical eyeblink conditioning 
with those already collected in the same species from the contralateral somatosensory, motor and prefrontal 
cortices, as well as the contralateral red nucleus, and the ipsilateral facial motor nucleus. In this way, we will 
show for the very first time a complete picture of the firing activities of neurons located in the main brain 
motor areas during the performance of the same associative learning task. 
 
Financial support was kindly provided by Junta de Andalucía to JMDG and AG (BIO122 and PY18-823-PY19). 
GGP held a postdoctoral contract from Junta de Andalucía (PAIDI 2020-DOC00309).
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Control of spontaneous blinking lies in a brainstem center that determines blinking pattern, which is 
influenced by the attentional state. Contrarily, reflex blink is produced in response to the increased activity 
of the sensory neurons innervating the eye surface and its annexes. We hypothesize that spontaneous 
blinking is also driven by sensory input. The aim of this work was to establish whether the pattern and 
characteristics of spontaneous blinking is modified or not by the activation or inhibition of ocular sensory 
nerves under different attentional conditions. 
 
Orbicularis oculi muscle electrical activity (OOEmg) was recorded in 12 young healthy volunteers (7 women/5 
men) using surface electrodes in three conditions (5min each): at rest (basal), and performing visual and non-
visual tasks. Spontaneous blinking frequency (BF), inter-blink interval (IBI), and OOEmg amplitude and 
duration were analyzed in the three conditions. In a different day, OOemg recording protocol was repeated 
after receiving topically a drop of either perfluorohexyloctane (F6H8; that decrease the ocular surface 
temperature) or the local anaesthetic tetracaine/oxybuprocaine (1/4 mg/ml). 
 
Compared with basal values, BF was lower during visual tasks and higher during non-visual tasks. During any 
task OOemg signal amplitude was larger and OOemg duration was shorter than at rest. BF increased 
significantly and IBIs were more regular after F6H8 treatment, in all three conditions, also increasing the 
amplitude and decreasing the duration of OOemg signals. Treatment with local anaesthetic did not 
significantly modify the parameters studied. 
 
Present results confirm that the central blink generator controlling spontaneous blinking is regulated by 
higher brain centers, which reduce blink frequency and duration during visual attention tasks. Data also 
suggest that both the frequency and pattern of spontaneous blink is highly influenced by the increase of the 
sensory input from cold thermoreceptor endings innervating the ocular surface. 
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To make adequate decisions, animals need to evaluate not only the current sensory information but also 
recent actions and outcomes. In trial-based perceptual categorization tasks, both humans and rats can 
develop three main history choice biases: (1) the win-stay/lose-switch bias, which reflects a tendency to 
repeat previous rewarded actions and avoid unrewarded ones; (2) a repulsive aftereffect caused by previous 
stimuli and related to sensory adaptation; and (3) the transition bias, a tendency to repeat or alternate the 
previous response based on an internal estimate of the repeating probability of the sequence of events. While 
the first is known to be an action-reward bias, the last two are assumed to be sensory-related, but few studies 
have validated this hypothesis. To do it, we trained rats on two tasks which only differ in the existence of 
sensory information. 
First, to test if the Aftereffect bias is affecting the perception of upcoming stimuli, we trained rats in an 
auditory categorization task (Sound task) with a 10% of Silent catch trials. With this design, animals could 
generally use sounds to guide their choices. We found that animals still exhibited an Aftereffect bias in Silent 
trials, suggesting the bias does not require the perception of a stimulus to impact consequent choices. Second, 
to elucidate which is the contribution of sensory stimuli to generate the Transition bias, we trained rats in a 
free-choice task (Foraging task) in which there were no acoustic stimuli to guide their choices, and animals 
had to rely solely on the serial correlations of the sequence of previous choices to obtain reward. We found 
that rats developed the same Transition bias as in the Sound task, suggesting that it reflects the prediction of 
the rewarded response rather than an expectation of future stimuli.  
These results suggest that the three more prevalent history biases observed in rats performing a decision-
making task -win-stay/lose-switch, transition and aftereffect- can all be manifested in the absence of a 
sensory stimulus.
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The coaching profession has been in a situation of both methodological and identity uncertainty for a long 
time, which causes a continuous misunderstanding regarding its practice and essence. The purpose of this 
study was, in the first place, to demonstrate, from the experimental point of view, how coaching of non-
directive essence, with its competencies framework and its essence of non-transference of knowledge or 
judgment, is capable of enhancing the brain's creativity mechanisms of human beings. Secondly, it was 
necessary to provide psycophysiological evidence of the effects of non-directive coaching (NDC); and, thirdly, 
to frame coaching also within a specific field, such as creativity. This also allowed to identify coaching as a 
profession that helps to cover the current gap regarding the growing decrease of creativity in the human 
being that has been taking place for two decades; and, on the other hand, it contributed to react in an 
effective way to the challenges of this uncertain and complex world. For this purpose, an experimental 
methodology was developed, where the response of the subjects to three conditions (rumiative, directive 
and non-directive) was compared through electroencephalographic (EEG) measurement during problem 
solving and achievement of goals. For this, 16 subjects (8 men and 8 women) participated. The study allowed 
the detection of a series of differentiated and specific EEG patterns in the third condition (non-directive) 
related to the results found in previous studies on creative insight. Results showed significant changes in alpha 
and theta frequencies in the right temporal region, and alpha, theta and gamma in the right parietal region, 
compared to other experimental conditions. Thus, the application of the methodological framework of the 
NDC was related, in a specific way, to the creativity and the development of human knowledge. 
Keywords: non-directive coaching, electroencephalography, insight, creativity.
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Food addiction is characterized by a loss of behavioral control over food intake leading to obesity and eating 
disorders. We used a mouse model of food addiction to classify extreme subpopulations of vulnerable and 
resilient phenotypes to identify differential miRNA signatures. Subsequently, we choose three candidate 
miRNAs down-regulated in addicted mice and performed a functional validation to recapitulate the 
vulnerable phenotype. The validation was performed by a Tough-Decoy inhibitor delivered by an adeno-
associated viral vector through a stereotaxic surgery into the mPFC. Interestingly, we demonstrated that the 
inhibition of two candidate miRNAs recapitulated the vulnerable phenotype, increasing the persistence or the 
compulsivity, respectively, underlining the specificity of their effect in the resulting phenotype.  The 
manipulation of the third candidate gene did not have any significant effect in the vulnerability to addiction. 
In addition, we also characterized other phenotypic traits more subtle but also related to the vulnerability 
towards addiction. The elucidation of the epigenetic mechanisms underlying these behavioral alterations 
provides new advances toward innovative and effective interventions for this disorder.
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Humans remember events as they occur in a sequential order in time, such as before or after another event. 
Interestingly, patterns of behavior occur in a temporal sequence that determines the order in which behaviors 
unfold in time (i.e., a behavioral sequence). Behavioral sequences (also referred to as sequential learning) are 
arguably the most prevalent form of human and animal learning and they play a pivotal role in conventional 
studies of operant conditioning. The goal of this experimental-analytical study was to identify the conditions 
under which the activity-dependent changes in synaptic strength could be directly affected by an operant 
conditioning task, which is determined by several levels of expression of the conditioned response, different 
performances of the animal behaviors and also by different execution degrees of their behavioral sequences. 
To accomplish this goal, we recorded the field evoked potentials and exhaustively analyzed the synaptic-
strength changes taking place at 13 selected sites of the cortical (hippocampal, medial prefrontal cortex) and 
subcortical (thalamus, amygdala, accumbens septi) circuits during the performance of 8 different behaviors 
related (to a greater or lesser degree) to the acquisition of an operant conditioning by alert behaving rats and 
also during the execution of specific temporal sequences of rat behaviors directly related to this type of 
associative learning task. Collected results allow to verify a large spatio-temporal diversity of synaptic-
strength changes during the performance of different rat behaviors (locomotor, appetitive, consumatory, 
exploratory or stationary). In addition, the findings reported here seem to support a more selective repertory 
of underlaying rules based on modular integrations of the synaptic-strength changes and on spatio-functional 
propagation patterns of the evoked field potentials –– i.e., two network coding strategies that could be 
essential for the proper execution of specific temporal sequences of animal behaviors during operant 
conditioning tasks. 
 
 
Supported by grants BIO-122 and PY18-823-PY19 from the Junta de Andalucía (Spain). R.S.-C. was also 
supported by Fulbright-MECD Postdoctoral Fellowship Program (grant JC2015/00177). 
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Aging produces in brain a progressive oxidative process and neuroinflammation that deteriorates cognition. 
These brain dysfunctions provoke high economic and social cost to developed societies. For this reason, the 
search for treatments to prevent cognitive deficits associated with aging is a priority. Previous results suggest 
that STX64, a steroid sulfatase (STS) inhibitor, improves cognition in neurodegenerative diseases. Here we 
have designed cellular (immunohistochemistry), molecular (qPCR) and behaviour (mainly, object recognition 
and passive avoidance for the study of learning and memory) assays to know if subchronic oral treatment 
with STX64 can rescue cognitive dysfunction present in aging mice. Our behavioural results show that STX64 
treatment improved cognition in aging mice, reflected as an improvement in object recognition and in passive 
avoidance tests. At cellular level, aging mice treated with STX64 showed an increase in microglial response 
and an increase in hippocampal adult neurogenesis. By last, preliminary qPCR assays indicated that 
hippocampus from aging mice treated with STX64 express lower levels of inflammatory factors mRNA 
compared with untreated aging mice. Then, our results indicate that STX64 may be a drug with potential 
therapeutic interest for the treatment of cognitive deficits associated to aging. 
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The formation of episodic memory requires fast and potent plasticity mechanisms which allow for one-shot 
association of events on a time-scale of seconds or longer. Traditional Hebbian plasticity rules rely on the 
concurrence of pre- and post-synaptic spiking and typically lead to plasticity windows of only tens to hundreds 
of milliseconds. Furthermore, such rules tend to lead to instabilities unless the learning occurs slowly, making 
them inappropriate for one-shot learning.  
However, recent in-vivo experiments in area CA1 of mouse hippocampus have revealed a new form of 
plasticity, dubbed Behavioral Time-scale Plasticity (BTSP), which leads to the rapid formation of place fields 
in previously silent cells, or the shifting of place field location in place cells. BTSP relies on the coincidence of 
pre-synaptic firing and a global, dendritic-wide post-synaptic signal consisting of a broad Ca2+ spike, which 
results in a plasticity window of several seconds or more. These plasticity effects are quantitatively fit by a 
computational model in which the amplitude and direction of plasticity of a given synapse depend on 
presynaptic firing, the current state of the synapse, and a global signal. However, this model is dynamically 
complex and is not amenable to analysis, making it difficult to investigate the role of such a plasticity rule in 
memory formation in large recurrent networks.  
Here we propose a simple one-dimensional map for synaptic plasticity which qualitatively captures all 
relevant features of BTSP. Specifically, we can reproduce rapid place-field formation and shifting as well as 
the dependence of place-field width on the velocity of motion of the animal. Our map can furthermore be 
straightforwardly extended to recurrent networks, allowing for the analytic derivation of memory capacity 
for one-shot learning. We find that the weight-dependence of the rule leads to the classical stability-plasticity 
trade-off in learning by which older memories decay through overwriting. 
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Recent advances in signal acquisition systems which allow neuronal recordings up to hundreds of channels 
simultaneously results into substantial time consuming and basic signal processes limitations. Within spike-
sorting, the accuracy of the overall analysis is dependent on every step of the procedure. Spike clustering 
alongside feature extraction are critical steps after an appropriate data preprocessing. Some methods 
developed during the past few years have been focused on reducing the amount of computation required for 
spike-sorting by a mathematical simplification of the raw data. Often, these algorithms trend over use 
mathematical entities to predict waveforms rather than use physiological features, which results in the loss 
of interpretability due to a misapplication of extracted features. As far as we know, meta-analysis (i.e., 
examine and combine results from several analytical-experimental approaches) applied to neuronal spike-
sorting are uncommon. In this work, we chose Kilosort, the latest and most influential algorithm for spike-
sorting, as the perfect counterpart to VISSOR, an approach based on shape, phase, and distribution features 
of each spike, which reveals functional information of the neural events under study. Kilosort needs from 
voltage measures at closely-space sites which enable the algorithm to use together spatial and temporal 
shape features. The key aim is to compare the two aforementioned approaches applied to Claustrum (CL) 
multi-unitary activity during classical eyeblink conditioning: a tone as conditioned stimulus (CS) and an air-
puff as unconditioned stimulus (US). Neurons were recorded using 16 channels proves with the aim of 
reaching the whole length of the CL. According to our results, Kilosort is functional for high-density recordings 
due to its novel spike-sorting framework, but its performance was not as enlightening as expected, when the 
inter-stimulus interval (CS-US), in which the neural correlates should be determined, is very short (250 
milliseconds) and the number of electrodes is limited (e.g., 16 channels). 
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Neuronal population activity recorded from primate prefrontal cortex (PFC)  carries information about the 
presented stimulus during working memory tasks.  During cue presentation and in the beginning of the delay 
period the population code is dynamic [1], before it stabilizes and remains stable throughout the rest of the 
delay period. The circuit mechanisms underlying this dynamic-to-stable transition in the code are not yet 
understood. Here, we show that a spiking network model composed of three specialized attractor circuits can 
explain these experimental observations. Each conceptual ring circuit represents a specialized PFC sub-
population (encoding, storage and readout neurons). Based on experimental data [2] we structured the model 
such that the stimulus input excites the encoding population while it suppresses the storage population. Since 
the recurrent connections in the encoding ring are not strong enough, the activity fades upon stimulus 
removal. However, at the same time the strongly connected storage units are released from stimulus 
suppression and form the stable bump which will maintain the memory. The readout circuit receives input 
from the other two populations and is thus active during cue and delay periods even without strong 
recurrency. Cross-temporal decoding analysis in the model fails to generalize across cue and delay periods 
because different neuronal subsets are most informative during the respective epochs. We validated the 
specific decoding pattern in PFC recordings from a visual and memory task [2] Finally, from a functional point 
of view, the network model predicts  increased robustness to distractors once the activity bump has formed 
in the storage population. In sum, our findings suggest that the presence of a highly dynamic cue to delay 
transition originates mainly from different neuronal subpopulations. After this initial transient, a stable state 
is reached, and memory maintenance is achieved through attractor dynamics. 
 
 
References 
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[2] Markovitz, D.A. et al. PNAS, 2015, 233–261. 
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Distractor filtering is fundamental to achieve an efficient management of working memory (WM). The 
capacity of a distractor to impair WM performance depends on its time separation with the target stimulus, 
the target-distractor onset asynchrony (TDOA). Distractors are more disruptive for short than long TDOA. This 
fact suggests a period of relative memory instability at early stages of the WM delay period, but its exact 
mechanisms remain elusive. The bump attractor model of WM explains memory maintenance through 
elevated firing activity during the delay period, and it can explain the TDOA effect by assuming a slow, gradual 
formation of the attractor in the delay. Here, we propose an alternative model based on the interplay of 
persistent activity and short-term synaptic plasticity. The combination of synaptic depression and facilitation 
at the onset of sustained activity induces a transient dip in the firing rate of memory-selective neurons in the 
early delay period. We tested this specific prediction by reanalyzing single-neuron recordings in macaque 
dorsolateral prefrontal cortex (dlPFC) and lateral intraparietal area (LIP) while performing a visuo-spatial WM 
task with distractors presented with TDOAs of 100, 200, 300 and 900ms [1]. Consistent with the model, we 
found that neurons selected based on their target stimulus selectivity at the end of the delay displayed a short 
drop in firing rate following elevated firing in the cue period. We also tested the validity of the model in human 
participants performing a more complex task where, besides manipulating the TDOA, distractors were 
presented not just after but also before the target. Behavioural, modeling and electrophysiological results 
point towards a dlPFC population that combines circuit-reverberation and short-term synaptic plasticity 
mechanisms to achieve distractor-resistant memory maintenance.  
 
[1] Suzuki & Gottlieb (2013) Nat. Neurosc. 16, 98–104  
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The Purkinje Cell Degeneration (PCD) mouse presents a mutation in the Ccp1 gene that produces the selective 
post-natal death of Purkinje cells. Along with this neuronal loss, a strong microgliosis takes place in the 
cerebellum, but it is not fully understood whether it plays a beneficial or a harmful role in the development 
of the pathology. In this sense, it is also unknown if this gliosis is a direct consequence of the 
neurodegeneration, or if, by contrast, the pcd mutation itself causes an aberrant microglial behavior. 
Therefore, the direct effect of the pcd mutation on the functioning of the microglia was studied using cell 
cultures, without the influence of a neurodegenerative environment. 
 
For this purpose, hematopoietic cells were isolated from the bone marrow of both wild-type and PCD mice 
and differentiated into microglia. Subsequently, immunofluorescence techniques and qPCR analyses were 
performed to characterize microglia by studying different markers and gene expression. Likewise, the viability 
of these cells was studied by means of a proliferation essay with Alamar Blue. 
 
The preliminary results obtained suggest that the hematopoietic cells of PCD mice differentiated into 
microglia have a predominant polarization towards an anti-inflammatory phenotype. Besides, a differential 
gene expression has been observed for all the analyzed genes. Finally, the Alamar Blue essay demonstrated 
that PCD cells show a higher proliferation than the wild-type cells.  
 
Therefore, it can be concluded that the mutation of the Ccp1 gene affects some microglial features related to 
cell morphology and neurochemical, gene expression and proliferation. 
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The main clinical characteristic symptoms of Parkinson’s diseases (PD) are bradykinesia, tremor, and other 
motor deficits. However, there are other non-motor symptoms that can be identified at early stages of the 
disease, such as visual disturbances. One of these symptoms is the impairment of the motion perception. 
Therefore, the purpose of this study was to determine if the starburst amacrine cells (direction-selective 
amacrine cells), which is the main cellular type involved in motion perception, are degenerated in PD and if 
the dopaminergic system is related to this degeneration. 
 
Human eyes from control and PD donors were available for this study. Dopaminergic amacrine cell density 
(tyrosine hydroxylase positive cells), starburst amacrine cell density (choline acetyltransferase positive cells), 
and their synaptic contacts (vesicular monoamine transporter-2 positive presynapses) were evaluated by 
immunohistochemistry and confocal microscopy in whole-mount retinas.  
 
We observe that the number of dopaminergic amacrine cells was significantly decreased in PD retinas. Also, 
there is a degeneration of starburst amacrine cells observed by a decrease in the density of these cells in the 
two plexuses where they are located. Importantly, here we describe for the first time that dopaminergic 
amacrine cells contact with choline acetyltransferase positive cells in healthy control retinas and that these 
connections decrease in PD.  
 
This work indicates that dopamine could modulate starburst amacrine cells and that the decrease of this input 
in PD may explain the degeneration of starburst amacrine cells that we describe and thus, the motion 
perception disturbance in this pathology. 
 
Support: Ministerio de Ciencia e Innovación (FEDER- PID2019-106230RB-I00). Ministerio de Universidades 
(FPU16/04114, FPU18/02964). Instituto Carlos III (RETICS-FEDER RD16/0008/0016). Retina 
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Reflex blinking (RB) evoked by natural stimulation of the ocular surface (OS) is integrated in the brainstem. 
There is scarce evidence of its modulation by higher structures. The aim of the present work was to analyse 
the contribution to RB of the area of the primary somatosensory cortex (S1) where OS is represented, both in 
naïve and tear-deficient rats. 
 
Multiunit activity of S1 neurons and electromyographic activity of the contralateral orbicularis oculi muscle 
(OO-EMG) were simultaneously recorded using high-impedance tungsten and silver electrodes, respectively, 
in 17 male Wistar anesthetized rats (8 naïve; 9 tear-deficient, previously subjected to lacrimal gland excision). 
RB was evoked by electrical stimulation of the OS at 0.1 Hz and different intensities, before and during 
application of 2% lidocaine to S1, and after drug washout. S1 activity was reduced or fully abolished by 
lidocaine. 
 
In naïve animals, evoked OO-EMG activity preceded S1 activation. The area under the curve (AUC) of the 
evoked OO-EMG signals increased significantly during S1 anesthesia (0.007±0.009 vs. 0.013±0.013 V2, n=16 
eyes, p<0.01). In tear-deficient rats, similar AUC values were obtained before (0.023±0.003 V2, n=18 eyes) 
and during S1 anesthesia (0.022±0.002 V2), although AUC was significantly larger than in naïve animals, both 
before (p<0.001) and during lidocaine application (p<0.01). 
 
Results show that the activity of the somatosensory cortex modulates reflex blink characteristics in health 
conditions. In chronic tear deficiency there is an increased sensory input that drives orbicularis oculi activity, 
which appears not to be regulated by cortical activity. 
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Mutations in the X-linked gene MECP2 are the main cause of Rett syndrome, a rare disease affecting females, 
and other neurodevelopmental disorders. This gene codes for methyl CpG binding protein 2, a transcriptional 
regulator expressed in neurons. Our previous data show that the density of immature neurons, expressing 
doublecortin, is significantly higher in the piriform cortex, but not in the olfactory bulbs or the hippocampus, 
of symptomatic Mecp2-mutant mice, as compared to their age-matched wild-type controls. Since previous 
pieces of evidence suggest an effect of early life stress in neuronal maturation, here we sought to analyze the 
impact of maternal separation, and its interaction with Mecp2 deficiency, in the expression of doublecortin 
in the postnatal brain. To do so, we performed a double immunofluorescent detection of doublecortin and 
NeuN, a marker of mature neurons, in adolescent Mecp2-heterozygous and wild type female mice that were 
either subjected to 3 hours of maternal separation from postnatal day 3 until weaning, or left undisturbed 
with the dam. The effects of genotype and type maternal care were analyzed using the classical frequentist 
ANOVA and Bayesian inference. Both statistical analyses revealed a significant increase in doublecortin 
expression in the olfactory tubercle in Mecp2-heterozygous females irrespective of maternal care. By 
contrast, doublecortin expression was decreased in the piriform cortex and granular cell layer of the olfactory 
bulbs of females subjected to maternal separation, irrespective of their genotype. Similarly, the percentage 
of doublecortin/NeuN cells in the periglomerular layer of the olfactory bulbs was decreased in both groups of 
maternally-deprived females. Finally, we found no effect of either genotype or maternal deprivation in 
doublecortin expression in the dentate gyrus of the hippocampus. Our results suggest that early 
environmental intervention could help rescuing region-specific deficits in neuronal maturation in Mecp2-
mutant mice. Funded by Ministerio de Ciencia e Innovación (PID2019-107322GB-C22).
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The current study was performed to establish the actions of nanomolar concentrations of cocaine, not 
blocking the dopamine transporter, on dopamine D2 receptor (D2R)-sigma 1 receptor (δ1R) heteroreceptor 
complexes and the D2R protomer recognition, signaling and internalization in cellular models. We report the 
existence of D2R-δ1R heteroreceptor complexes in subcortical limbic areas as well as the dorsal striatum, with 
different distribution patterns using the in situ Proximity Ligation Assay. Also through BRET these heteromers 
were demonstrated in HEK293 cells. Furthermore, saturation binding assay demonstrated that in membrane 
preparations of HEK293 cells coexpressing D2R and δ1R, cocaine (1nM) significantly increased the D2R Bmax 
values over cells singly expressing D2R. CREB reporter luc-gene assay indicated that coexpressed δ1R 
significantly reduced the potency of the D2R like agonist quinpirole to inhibit via D2R activation the forskolin 
induced increase of the CREB signal. In contrast, the addition of 100nM cocaine was found to markedly 
increase the quinpirole potency to inhibit the forskolin induced increase of the CREB signal in the D2R-δ1R 
cells. These events were associated with a marked reduction of cocaine induced internalization of D2R 
protomers in D2R-δ1R heteromer containing cells vs D2R singly expressing cells as studied by means of 
confocal analysis of D2R-δ1R trafficking and internalization. Overall, the formation of D2R-δ1R heteromers 
enhanced the ability of cocaine to increase the D2R protomer function associated with a marked reduction of 
its internalization. The existence of D2R-δ1R heteromers opens up a new understanding of the acute actions 
of cocaine.
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Parkinson’s disease (PD) is characterized by the death of dopaminergic neurons from the substantia nigra pars 
compacta and the presence in the affected brain regions of intracytoplasmic protein inclusions called Lewy 
bodies (LB). The main component of LB is α-synuclein, a protein prone to form neurotoxic oligomers and 
aggregates in a concentration-dependent process. Since increased levels of α-synuclein can promote PD 
progress, the turnover mechanisms of this protein play an important role in PD development. Particularly, the 
autophagic-lysosomal pathways have a key role in maintaining proper α-synuclein neuronal levels. 
 
The first genetic risk factor to develop PD is the presence of mutations in the GBA gene, which encodes the 
lysosomal enzyme glucocerebrosidase (GCase) involved in sphingolipids metabolism. About 12% of PD 
patients present a mutation in GBA and more than 50% have pathogenic mutations in lysosomal enzymes, 
emphasizing the key role of the lysosomal function in PD. An inverse relationship between loss of GCase 
activity and α-synuclein accumulation has been shown in different PD models and in samples from PD patients 
carrying GBA mutations. This increase in the intracellular levels of α-synuclein is one of the main causes that 
contribute to neurodegeneration in PD. 
We have characterized the role of the autophagic-lysosomal function and the presence of α-synuclein 
neurotoxic species in a new in vitro model of differentiated dopaminergic-like neurons expressing the two 
most prevalent GBA mutations, p.N370S and p.L444P, as well as GBA knock out. We observed that loss of 
GCase activity leads to the cellular and intralysosomal accumulation of GCase substrates, lysosomal 
dysfunction, macroautophagy and CMA impairment, mitochondrial dysfunction, ROS production, ER stress 
and ultimately increase of different α-synuclein species.  
We are using this cellular model as a valuable in vitro system for the screening of a therapeutic approach 
based in the restoration of GCase activity in lysosomes through enzyme replacement therapy enhanced with 
nanotechnology. Restoration of the autophagic-lysosomal system may promote α-synuclein turnover and 
avoid the accumulation of α-synuclein PD-associated neurotoxic species. 
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Brain neovascularization has been associated with good prognosis of intracerebral hemorrhage (ICH) patients. 
We previously showed that the human Tp53 Arg72Pro SNP modulates brain endothelial cells survival after 
ICH, which is essential for the secretion of growth factors and cytokines (i.e. VEGF) that mediate the 
mobilization of endothelial progenitor cells (EPCs) from the bone marrow to the peripheral blood. EPCs 
promote brain vascular repair after ICH. Then, pro-apoptotic p53 would be a negative regulator of EPC 
mobilization, thus affecting the functional outcome after ICH. Since p53 is accumulated in the brain after ICH, 
we speculate that p53 destabilization not only will promote cell survival, but also vascular recovery and brain 
repair.  
 
p53 KO mice were subjected to an experimental model of ICH in vivo by injecting bacterial collagenase into 
the basal ganglia. Proliferative markers (BrdU, Ki67) and perfusion status of newly-formed blood vessels in 
the brain was also analyzed after Evans blue injection. 
 
We observed that p53 loss reduced lesion volume and significantly boost levels of circulating EPCs in mice 
from 72 hours after ICH. Knockdown of p53 also increased proliferative events in SVZ and lesion areas, as 
evidenced by BrdU incorporation and Ki67 staining. Consequently, an improved vascular repair response was 
achieved in p53 KO mice, in comparison with those expressing an active p53 protein.  
 
Our results point out the impact of the p53 signaling pathway in the balance between brain damage and 
repair, which might condition functional recovery after ICH. 
 
Funded by ISCIII (PI18/00265; RD16/0019/0018), FEDER, EU Horizon 2020 Research and Innovation 
Programme (Grant Agreement 686009), Junta de Castilla y León (CSI151P20; Escalera de Excelencia CLU-2017-
03 Cofinanciado por el P.O. FEDER de Castilla y León 14-20); RedHYPOX (SAF2017‐90794‐REDT) 
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NG2-cells, also known as oligodendrocyte precursor cells (OPC), are a heterogeneous glial cell population. 
This heterogeneity is still under debate and whether it can be driven by intrinsic factors, such as their 
ontogenic origin, remains unclear. Nevertheless, the NG2-glia display different functions during the 
development and after brain damage. At this respect, we recently revealed the heterogenic response of NG2-
glia clones to experimental autoimmune encephalomyelitis (EAE) brain damage. Now, we sought to analyze 
the relationship between both their morphology and ontogeny in the adult brain and their changes in two 
different Multiple Sclerosis (MS) models’ scenarios. To address this question, we combined the StarTrack, a 
multicolor genetic lineage-tracing tool that enables the long-term in vivo tracing of progenitor lineages, along 
with a single-cell morphometric cluster analysis, in the two MS murine models induced by EAE and Cuprizone, 
to compare with control brains. We correlated the reactivity, with different morphometric parameters 
measured in the derived NG2-cell progeny of StarTrack targeted single progenitors. Data from the 
morphometric analysis allowed us to unravel different NG2-cell clusters sorted by morphological parameters 
related, not just by their ontogenic origin, but also related to the different MS lesions. In summary, a better 
understanding of NG2-glia heterogeneity is relevant to decipher the physiological role of these cells both in 
healthy brain and in response to MS. 
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-Alzheimer’s disease (AD) is a complex disorder and multiple cellular and molecular mechanisms are involved 
in AD onset and progression.  Recent evidences has suggested that metabolic alterations are an important 
pathological feature in disease progression in AD. Likewise, diabetes and obesity, two mayor metabolic 
illnesses, are risk factors for AD. In addition, novel studies has suggested that AD induces peripheral metabolic 
alterations, facilitating the development of diabetes. Overall, these studies suggest that there is an important 
two-way crosstalk between AD and peripheral metabolic disorders. Here, we seek to understand the 
mechanisms underlying this association and we hypothesize that the white adipose tissue may serve as a key 
communicator organ between the brain and peripheral metabolic illnesses, and alterations in this organ may 
affect both types of disorders. 
-Here, we used histological stains, immunohistochemistry and biochemical means to determine changes in 
the white adipose tissue from WT and 3xTg-AD mice. Moreover, similar techniques were used in the brain of 
3xTg-AD mice that received white fat pads from WT and 3xTg-AD donors to determine any changes in amyloid 
and tau pathology.  
-Our study shows that 3xTg-AD mice develop significant peripheral metabolic alterations which in turn 
affected the white adipose tissue biology. Moreover, adipose tissue transplanted from donor 3xTg-AD and 
WT mice into recipient 3xTg-AD mice indicate that AD associated white fat tissue induced profound AD 
pathology changes in recipient 3xTg-AD mice. 
-Overall, our study demonstrate a novel important crosstalk between AD and peripheral metabolic disorders 
thought white adipose cells.  A more profound understanding in these processes may turn in novel and 
promising therapeutic strategies for AD and metabolic illnesses.
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Parkinson’s disease (PD) is mainly characterized by dopamine depletion in the striatum due to a loss of 
dopaminergic neurons in the Substantia Nigra pars compacta. Nowadays, the most efficacious treatment for 
PD is the dopamine precursor 3,4-dihydroxyphenyl-L-alanine (L-DOPA). Nevertheless, abnormal orofacial, 
limb and trunk involuntary movements known as L-DOPA-induced dyskinesias (LIDs) remain a major 
complication. Striatal outputs are composed of medium spiny neurons (MSNs), which inhibit the downstream 
nuclei of the basal ganglia via the direct and indirect pathways. Direct MSNs innervate the Substantia nigra 
pars reticulata and the internal segment of the Globus pallidus, while indirect MSNs project to the external 
segment of the Globus pallidus (GPe). Whereas the role of direct MSNs when mediating LIDs has been 
established, the contribution of indirect MSNs is still elusive. Anyhow, it is known that during dyskinesias, 
indirect MSNs display a decreased activity. 
Our main objective is to determine the role of indirect MSNs in the LIDs of a mouse model of PD. Our 
hypothesis is that the activation of indirect MSNs will reduce LIDs. To that end, D2-cre recombinase expressing 
adult mice are lesioned with 6-hydroxydopamine (6-OHDA) in the medial forebrain bundle, promoting 
Parkinsonian symptoms. Channelrhodopsin expression is selectively induced in indirect MSNs by injection of 
adeno-associated cre dependent virus in the dorsolateral striatum. Being that direct and indirect MSNs are 
connected to each other at striatal level, in order to avoid unspecific effects, the optic fibers are implanted 
on the GPe. Dyskinetic symptoms are induced by repetitive administration of L-DOPA. Our results show the 
behavioural effect of the optical stimulation of indirect MSNs’ terminals in the GPe, performed before and 
after three daily injections of L-DOPA, at subthreshold and suprathreshold dyskinetic doses. We also examine 
the combined effect of light stimulation and an acute L-DOPA treatment.
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In the adult mammalian brain, neuroblasts from the subventricular zone (SVZ) migrate along the rostral 
migratory stream into the olfactory bulb, where they differentiate and synaptically integrate to contribute 
with the maintenance of the olfactory function. It has been established that endogenous as well as exogenous 
opioid signalling affects proliferation in adult brains. In fact, chronic administration of morphine reduces adult 
neurogenesis in SVZ although its implication in addiction has not yet been clarified. On other hand, dopamine 
has been also identified as a regulatory factor of adult neurogenesis as dopaminergic cells from the substantia 
nigra compacta project toward the dorsal SVZ whereas the ventral tegmental area innervates the ventral SVZ. 
Previous results demonstrated that morphine increases striatal dopamine signaling, which is restored by the 
specific stimulation of dopamine D4 receptor (D4R). The mechanisms by which D4R counteracts morphine 
effects is not completely understood, but the existence of a D4R-MOR heterodimer in the striosomes of the 
caudate putamen has been proposed . However, it is unknown how this interaction could affect both the 
adult neurogenesis and olfaction. 
In the present work, we have studied the effects of a chronic treatment with morphine alone or in 
combination with a D4R agonist (PD168,077) on adult neurogenesis occurring in the SVZ. Furthermore, the 
impairment or improvement of odorants discrimination has also been analyzed.  
Using immunohistochemical techniques, we found that chronic treatment with morphine increases dopamine 
signalling in the SVZ and promotes a depletion of cell proliferation, affecting both neural and glial precursors. 
These effects were counteracted by the coadministration of morphine with the D4R agonist. The present 
results support for a critical role of the D4R to prevent morphine effects in the SVZ. 
Funding: CTS161 (Junta de Andalucía)
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Morphine is one of the most effective analgesic used in the clinical management of pain. However, long-term 
use of morphine can cause many side effects including respiratory depression, constipation, analgesic 
tolerance, hyperalgesia and addiction. The mechanisms underlying morphine tolerance are complex and 
nowadays it is not yet completely understood. As a primary mediator of morphine analgesia, the mu opioid 
receptor (MOR) contributes to morphine tolerance through downregulating the expression of MOR and its 
uncoupling from G-proteins in the dorsal horn of the spinal cord. It has been reported that the colocalization 
of the dopamine D4 receptor with MOR in the dorsal striatum counteracts the addictive effects induced by 
morphine through a putative D4R-MOR heteroreceptor that modulates dopamine signaling from nigral 
dopamine nerve cells. As D4R is also expressed in both the dorsal root ganglia (DRG) and dorsal horn neurons, 
we hypothesize that D4R could interfere the development of morphine-induced tolerance to its analgesic 
effects at dorsal horn level.  
Using a chronic treatment paradigm of morphine with the D4R agonist PD168,077, we have first investigated 
the nociceptive response to noxious thermal stimulation (tail flick), mechanical stimulation (von Frey) and to 
persistent noxious chemical stimulation (formalin). Furthermore, using immunohistochemical techniques, we 
have studied primary afferent fibers (peptidergic and non-peptidergic C fibers), spinal interneurons and NK1 
spinal projection neurons, and the balance between glutamate and GABA in the dorsal horn. 
Results from the evaluation of analgesic activity showed that D4R activation prevents the development of 
morphine-induced analgesic tolerance. In addition, D4R preserves the appropriate balance between 
glutamate and GABA for a proper analgesic effect by modulating the spinal circuit. The present results give 
support for the existence of antagonistic functional D4R-MOR receptor-receptor interaction in the dorsal horn 
that could help to the development of a new pharmacology strategy in the treatment of pain.  
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Oligodendrocytes are glial cells that play a crucial role in the CNS. Their maturation and myelination are finely 
regulated processes that require key trophic signals important for growth and metabolism. Thyroid hormone 
(TH) is a potent signal that regulates oligodendrocyte maturation, oligodendroglial-synaptic interactions and 
myelination. TH transport across the blood-brain barrier and cellular membranes is mediated by a specific 
transmembrane transporter, the monocarboxylate transporter 8 (MCT8). Dysfunction of MCT8 leads to 
inherited hypomyelination and psychomotor disabilities in the X-linked Allan-Herndon-Dudley syndrome 
(AHDS) or MCT8-deficiency. Although impairments in myelination in AHDS patients represent one of the main 
hallmarks of the disease, there is no consensus on whether there is a permanent hypomyelination or a delay 
on myelination that is restored later in life. 
To address this point, we made use of multiple techniques to study myelination processes in Mct8/Dio2 
knockout mice (KO), an already validated model for AHDS, from postnatal to adult stages, to gain new insight 
into the pathophysiological mechanisms of AHDS and the effects of TH on myelination. 
Myelination was studied histologically by assessing the content of myelin proteins and lipids. These studies 
revealed persistent myelination defects in the brain of Mct8/Dio2 KO mice, consistent with observations at 
the ultrastructural level showing severely decreased percentage of myelinated axons in the Mct8/Dio2 KO 
mice brain using transmission electron microscopy analyses. Myelination was also assessed by Magnetic 
Resonance Imaging, showing microstructural alterations in the white matter. These data obtained on 
myelination led to the study on oligodendroglial dynamics, showing altered proliferation and differentiation 
patterns from oligodendrocyte precursor cell stages. 
Myelination and oligodendroglial dynamics in Mct8/Dio2 KO mice are altered from early developmental 
stages and these alterations persist throughout later stages. Altogether, these data provide new 
understanding on the pathophysiological mechanisms underlying MCT8 deficiency to design and evaluate 
possible future treatments. 
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Fas Apoptotic Inhibitory Molecule protein (FAIM) is a death-receptor antagonist and an apoptosis regulator. 
It encodes two isoforms that have significant neuronal functions, FAIM-S (short) and FAIM-L (long). FAIM-S, 
which is ubiquitously expressed, is involved in neurite outgrowth. In contrast, FAIM-L is only expressed in 
neurons and it protects them from cell death. Interestingly, FAIM-L is downregulated in Alzheimer’s disease 
patients and mouse models before the onset of neurodegeneration, and Faim transcript levels are decreased 
in retinal degeneration mouse models. Nonetheless, few studies have been directed to elucidate the role of 
FAIM in the central nervous system, yet alone the retina. The retina is a highly specialized tissue that has 
proved to precede pathological mechanisms of neurodegenerative diseases. Here we describe that Faim 
depletion in mice damages the retina unrelentingly and leads to late-onset photoreceptor cell death in older 
mice. Immunohistochemical analyses show that Faim knockout (Faim-/- mice present ubiquitinated 
aggregates throughout the retina from early ages. Moreover, retinal cells release stress signals that can signal 
to Müller cells, as shown by immunofluorescence and qRT-PCR. Müller cells monitor retinal homeostasis, and 
hereafter trigger a gliotic response in Faim-/- mice that becomes pathogenic when is sustained over time. In 
this regard, we found a pronounced vascular leakage at the latter ages, which can be caused by persistent 
inflammation. These results suggest that FAIM is an important player in the maintenance of retinal 
homeostasis and support the premise that FAIM could be a plausible early marker for late photoreceptor and 
neuronal degeneration.
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Among different damages that affect the CNS, traumatic brain injury, spinal cord injury disease and stroke are 
major worldwide causes of neurological impairment. These conditions exhibit common characteristics, 
including temporal break-down of the blood-brain barrier, which leads to the extravasation of molecules and 
blood cells, and the establishment of an inflammatory environment. The major three cell players to rise 
inflammation are microglia, astrocytes and infiltrated macrophages, which have shown polarization to the 
pro-inflammatory (type 1) or anti-inflammatory (type 2) phenotypes. Since inflammation can hinder or 
support neuronal regeneration, in this work we asked whether inflammatory environments mediated by 
monocyte-derived macrophages might have an influence on neurogenesis. We studied neurosphere 
formation and neuronal differentiation of NSCs cultured alone or in the presence of macrophages. 
Macrophages were derived from adult mouse bone marrow and expanded during seven days prior to the 
experiments. Thereafter, they were polarized to more cytotoxic (IFN-γ, 8 ng/mL, 24 h) or pro-survival (IL-4, 2 
ng/mL, 24 h) phenotypes, or remained inactivated. NSCs were obtained from E11 mouse mesencephalon or 
adult SVZ, and cultured alone or onto a macrophage monolayer, in the presence of EGF and bFGF, to form 
neurospheres. To induce neuronal differentiation, growth factors were removed. We observed significantly 
less neurospheres formation in cocultures with macrophages, compared to controls, however, the proportion 
of neurons generated, by each neurosphere, was about 8x higher in the case of cocultures.  Moreover, 
mesencephalon-derived neurons exhibited a higher proportion of cells immunoreactive for dopaminergic 
hallmarks (i.e. TH) and increased neurite outgrowth in the presence of macrophages. We did not find 
significant differences in neurosphere numbers or neuron ratio between conditions containing inactivated 
macrophages or pre-polarized to cytotoxic or pro-survival phenotypes. Our results suggest that macrophages 
modulate the neurogenic and differentiation potential of embryonic and adult NSCs. DMAV is supported by 
CONACYT(#770727). 



 

PS3-72 
Bile acids reduce glycolysis in proinflammatory macrophages 
Dr. Lorenzo Romero Ramírez1, Ms Concepción García Rama1, Ms Siyu Wu1,2, Prof. Jörg Mey1,2 

1Hospital Nacional De Parapléjicos, Sescam, Toledo, Spain, 2Maastricht University, Maastricht, Netherlands 
 

Glycolysis is the metabolic pathway that converts glucose into pyruvic acid. CNS pathologies, such as spinal 
cord injury (SCI) and ischemia, increase the glycolytic pathway in the damaged areas as part of the 
inflammatory response.  
Pyruvate kinase is a key glycolytic enzyme that converts phosphoenolpyruvate and ADP to pyruvate and ATP. 
In glial cells, pyruvate kinase has two isoforms, PKM1 and PKM2, originated from the same gene. PKM2 has 
less pyruvate kinase activity than PKM1, but as a monomer or homodimer PKM2 acts as a transcription factor 
that regulates the expression of target genes involved in glycolysis (e.g. Glut1, LDHA) and inflammation (e.g. 
IL-1β).  
After an injury, both resident (microglia) and hematogenous macrophages are key inducers of the 
inflammatory response with deleterious effects. We have previously shown that the bile acid 
tauroursodeoxycholic acid (TUDCA) has anti-inflammatory effects in microglia cells involving the inhibition of 
NF-κB pathway. 
In the present study we have investigated whether bile acids affect the expression of glycolytic enzymes and 
their regulation by PKM2 in rat microglia cultures and after rat SCI.  
Lipopolysaccharide induced the expression of PKM1, PKM2 and its target genes in cell cultures. SCI caused an 
increase of PKM2 IR in macrophages after SCI. Pretreatment with TUDCA or taurolithocholic acid (TLCA) 
reduced the expression of PKM2 and its target genes in cell cultures. Similarly, TUDCA treatment reduced the 
expression of PKM2 in the injured spinal cord.  
These results confirm the importance of PKM2 in the inflammatory response in CNS pathologies and indicate 
a new mechanism of bile acids as regulators of glycolysis. 
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X-linked adrenoleukodystrophy (X-ALD) is an inborn error of metabolism caused by a mutation in ABCD1 gene, 
which encodes a peroxisomal transmembrane protein called ALDP. This protein is involved in the 
transportation of very-long chain fatty acid (VLCFA) to the peroxisome for degradation. X-ALD patients 
present an accumulation of VLCFA in tissue and blood due to alterations in ALDP function. The outcome 
observed in patients with cerebral form of X-ALD is an acute inflammatory demyelination. 
 
The use of bone marrow derived- mesenchymal stem cells (BMSCs) has been studied for many years. BMSCs 
have been proposed as a therapeutical approach in many diseases.This study will address if BMSCs has a 
beneficious effect in X-ALD.   
 
Here, we are investigating a novel in vitro model to study X-ALD from dental pulp stem cells (DPSCs), an 
accessible source of mesenchymal stem cells. DPSCs from a X-ALD patient showed an alteration in ALDP 
expression and lipid accumulation located in the cytoplasm . 
 
To identify the effect of BMSCs in this in vitro model, we differentiated DPSCs from healthy and X-ALD 
individuals into neural-like cells. Immunocytochemistry experiments showed the expression of neuronal 
markers in the differentiated cells. 
 
Electrophysiological assays were carried out to further characterized the neural-like cells.  Analysis of the 
sodium and potassium currents from neural-like cells showed a lower peak amplitude and slower kinetics in 
X-ALD-derived cells compared to healthy cells.Interestingly, when X-ALD neural-like cells were directly co-
cultured with BMSCs, the sodium currents had a larger peak amplitude and faster kinetics, rescuing a healthy 
phenotype. 
 
Further investigation of the effect of BMSCs on X-ALD cells may provide relevant insights to develop a possible 
therapy for X-ALD. 
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Cognitive deficits and impaired sensory processing are hallmarks of neurodevelopmental and 
neuropsychiatric disorders, such as schizophrenia and autism. N-Methyl-d-aspartate receptor (NMDAR) 
hypofunction is considered to be involved in causing these deficits by disrupting  excitation-to-inhibition 
balance in neuronal circuits. Activation of GABAB-receptor is hypothesized to restore this imbalance, but its 
effect on translational electrophysiological biomarkers is poorly understood. 
Here we studied the physiology of limbic-auditory circuits under pharmacological NMDAR blockade (using 
MK-801) and GABABR activation (using Baclofen) in freely-moving rats, implanted with electrodes in key brain 
areas. The pharmacological effects were assed on several translational readouts from resting-state EEG, 
auditory-evoked oscillations and mismatch-negativity paradigms, evaluated through power spectral, 
coherence and event-related estimates. 
Across brain areas, MK-801 increased the power of both spontaneous and auditory-evoked brain oscillations, 
mainly in the gamma and higher frequency range. Baclofen partially normalized this aberrant oscillatory 
activity. Furthermore, coherence analysis indicated that functional coupling in auditory-limbic circuits is 
substantially altered by MK-801, such as increased coupling of the frontal cortex with the auditory cortex and 
the amygdala in the theta band. For higher frequency bands (e.g. high gamma), coherence was increased in 
a network comprising frontal cortical regions and thalamic nuclei. Baclofen normalized coherence between 
frontal cortex and amygdala and augmented the MK-801 induced increase of gamma coherence in thalamic 
and thalamocortical circuits. Additionally, we found clear deficits in auditory mismatch responses under MK-
801, involving both prediction error and adaptation components across limbic-auditory brain regions. 
Baclofen did not restore these deficits but even impaired mismatch responses when applied alone. 
GABABR activation partially restores oscillatory changes associated with NMDAR-hypofunction, but had a 
detrimental effect on functional coupling and context-dependent auditory processing. Our results indicate 
that GABABR agonists may be of limited therapeutic value for neurodevelopmental disorders associated with 
NMDAR hypofunction. 
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Adult neural stem cells (NSCs) dwell in specialized microenvironments called niches, being the most studied 
the subependymal zone along the lateral ventricles, and the subgranular zone of the dentate gyrus. Despite 
being mainly quiescent, NSCs can be transiently activated by specific signals, so they can proliferate but also 
re-enter a state of inactivation to avoid exhaustion. The total pool of NSCs at a given time point is a 
consequence of NSC decision-making throughout their life-span transiting through ‘maintenance’, by the 
active regulation of quiescence and the self-renewing asymmetric divisions of activated NSCs; ‘reduction’, by 
terminal, symmetric or asymmetric differentiation; or ‘expansion’ due to self-renewing symmetric divisions. 
Whether the instructions that guide the making of these decisions are determined by intrinsic properties, by 
the microenvironment of the niche or a combination of signals is the subject of intense investigation. Data 
from our group indicate that Plk1 is a novel intrinsic regulator of adult neurogenesis. In an effort to unravel 
the molecular mechanism by which this control is attained, we have found a link between Plk1 and a master 
regulator of neurogenesis, through which we propose Plk1 controls activation, the mode of division and 
differentiation of NSC towards the neuronal lineage.
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Friedreich‘s ataxia (FRDA) is a rare autosomal recessive neurodegenerative disease. Although is a systemic 
disease, spinal cord and cerebellum are among the most severely affected tissues. Gait instability, loss of 
coordination in arms and legs or dysarthria are some of the hallmarks of the disease with most of the cases 
detected during the childhood. At a molecular level, FRDA is mainly caused by a GAA triplet repeat expansion 
in the first intron of the gene codifying for frataxin (FXN), leading to a decreased expression of this 
mitochondrial protein. One of the main challenges for the study of FRDA is the absence of good experimental 
models that mimic the human disease, likely due to the difficulty to recreate the pathological expansion. New 
models are currently emerging in order to better understand the physiopathology of the disease and test for 
therapeutic approaches. Thus we have characterized two experimental models which bear the human 
frataxin gene with a pathological expansion. As a cellular model, we have generated induced FRDA neurons 
by direct reprogramming from adult human fibroblasts. Furthermore we have characterized a new humanized 
mouse model harbouring a human frataxin gene with a  >800 GAA repeat expansion 
(www.jax.org/strain/030395), herein referred to as YG8JR, and some of their neuronal populations in culture. 
In comparison to control conditions, induced FRDA neurons and neuronal cells cultured from the YG8JR 
mouse show low levels in FXN leading to modifications in the mitochondrial network pattern as well as in the 
complexes of the mitochondrial electron transport chain. Moreover, the YG8JR mouse model show an ataxic 
phenotype, with a decline in motor tests, such as rotarod, severe loss of weight, atrophy of the cerebellum, 
loss of neuronal cells and synaptic alterations. Overall, we think these new models will help to gain a better 
knowledge of the disease and may be helpful for drug screening to treat the disease. 
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Background: Tauroursodeoxycholic acid (TUDCA) is a bile acid with anti-inflammatory effects on microglia and 
macrophages. Implants of bone marrow-derived stromal cells (bmSC) are currently under investigation in 
clinical trials of spinal cord injury (SCI). We studied the therapeutic effect of TUDCA and a combinatorial 
treatment with human bmSC in a rat model of SCI. 
Methods: Spinal cord contusion injury was induced at thoracic level T9. Treatment consisted of two injections 
of 100 mg/kg TUDCA, immediately after lesion and at 1 dpo, combined with one sub-occipital injection of 
human bmSC into the cisterna magna. Control groups received injections of saline or TUDCA treatment only. 
The recovery of motor functions was assessed during a surveillance period of six weeks. Rats were sacrificed 
after 4 days for biochemical and histological investigation or after 6 weeks for histology of the tissue.  
Outcome: Treatment with TUDCA improved the recovery of autonomic bladder control and had a positive 
effect on motor functions in the subacute phase. Biochemical analysis of spinal cord tissue confirmed its anti-
inflammatory activity. Effects on motor function were only transient, however, such that no significant 
differences between vehicle and TUDCA-treated animals were observed 1-6 weeks after lesion. Combinatorial 
treatment with TUDCA and bmSC failed to have an additional effect compared to treatment with bmSC only.  
Keywords: bile acid, spinal cord injury, stromal cells, rat
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Remote ischemic conditioning (RIC) is an endogenous procedure that reduces ischaemic injury by repeated 
transient mechanical obstruction of vessels at a remote limb from the injury site. It represents a new paradigm 
in neuroprotection with unknown mechanism of action. This study aimed to evaluate the neuroprotective 
effect of per-RIC (during ischemia) and post-RIC (after ischemia) in a preclinical mouse model of acute 
ischemic stroke. 
 
A mouse model of transient focal cerebral ischemia by compressing the distal middle cerebral artery (tMCAO) 
for 60 min was used. Animals were classified into three groups: MCAO group, per-RIC group (during MCAO) 
and post-RIC group (10 minutes after MCAO). RIC consisted of 3 x 5 min cycles of right hind limb ischemia. 
Infarct volume, functional neurological score and histological examination were evaluated 72h after 
reperfusion. Multiple inflammatory cytokines in the peripheral blood were measured using a Multiplex Assay. 
Light-sheet fluorescence microscopy technique was used to determine the effects of RIC on the microvascular 
network. 
 
Per-RIC (n=10) and post-RIC (n=10) significantly reduced the infarction size 3 days after reperfusion compared 
to the group that did not receive RIC (n=10). In addition, RIC treatments significantly improve the neurological 
outcome and shown specific cellular pattern and morphological profile in the peri-infarct region. MCAO had 
a specific cytokine profile with a peak of inflammatory expression at 6 hours post stroke. RIC treatments 
shown a specific time-dependent cytokine profile. Per-RIC significantly increased the expression of both 
proinflammatory (GM-CSF) and anti-inflammatory cytokines (IL-10 and IL-13) at 6h, while Post-RIC 
significantly decreased the levels of proinflammatory cytokines (IL-6 and IL-12p70) and chemokine (KC). In 
addition, RIC strategies had different effect on the brain vasculature determined by a quantitative analysis of 
estimated density and vessel diameter. 
 
Our results suggest that per-RIC and post-RIC may be used as a novel neuroprotective strategy against 
ischemia injury. Both strategies showed neuroprotective role but distinct signalling pathways. 
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Neurogenesis throughout adult life is supported by multipotent neural stem cells (NSCs), characterized by 
their abilities of self-renewal and differentiation into the three different neural lineages: neurons, astrocytes 
and oligodendrocytes. Both capabilities are maintained by specific intracellular mechanisms that are activated 
by extracellular signaling from the microenvironment or niche in which they reside in vivo, the subventricular 
zone (SVZ) and the subgranular zone (SGZ) of the dentate gyrus in the hippocampus. Genomic imprinting is 
an epigenetic process that causes genes to be expressed depending on their parental origin, causing a 
monoallelic expression of a subset of genes called imprinted genes. This process is implicated in the control 
of gene dosage in the neurogenic niches. Cyclin-dependent kinase inhibitor 1C (Cdkn1c) is an imprinted gene 
expressed by the maternal allele and encodes the P57 protein that plays a crucial role during development of 
cerebral cortex and also in the maintenance of quiescence in NSCs from the SGZ. Alterations in Cdkn1c 
expression have implications in neurological syndromes such as Beckwith-Wiedemann or Prader-Willi. 
However, it is not known the role of P57 in the neurogenesis process. This work characterizes the expression 
of the imprinted gene Cdkn1c and its coding protein P57 in the adult SVZ, showing that P57 is present in 
GFAP+ cells located close to the lateral ventricles and in differentiated cells, suggesting an important role of 
P57 at differentiation process. We also evaluate the role of P57 in adult SVZ NSCs quiescence and 
differentiation by in vivo electroporation of NSCs in a Cdkn1c-deficient murine model, showing that P57 is 
involved in terminal differentiation of NSCs into glial linages. 
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Glioblastoma multiforme (GBM) is the most frequent and aggressive primary tumour developing in the 
Central Nervous System. Within GBM, a group of cells with stem cell features has been described, the glioma 
stem cells (GSCs). GSCs have the potential to give rise to a complete GBM by themselves and have been 
postulated to be responsible for the origin of the tumour. In the adult mammalian brain, a pool of multipotent 
neural stem cells (NSCs) with the ability to self-renew and give rise to differentiated neural lineages is 
maintained throughout life. NSCs share several features with GSCs, making them excellent candidates for 
being the origin of GBM. Our group has developed a murine model of GBM formation based on the in vivo 
reprogramming of NSCs in the adult brain. These mice carry a polycistronic cassette encoding Yamanaka’s 
factors (Oct4, Sox2, Klf4 and c-Myc), specifically induced in glial fibrillary acidic protein (GFAP) cells after 
doxycycline administration. Our results show that GFAP+ cells, when reprogrammed, are capable of giving 
rise to tumoral masses in the brain with high efficiency, some of them sharing many features with GBM. We 
have also traced the origin of these tumours specifically targeting quiescent NSCs (qNSCs) by in vivo 
electroporation and found that qNSCs are one of the possible cells of origin of GBM. 
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Astrocytes are becoming crucial players in the pathology of neurodegenerative disorders, such as Alzheimer’s 
disease (AD). Astrocyte responses have been mainly analyzed in the context of amyloid-beta (Abeta) 
pathology, highlighting their role in the development/progression of amyloidosis and their relationship with 
the microglial response. Regarding tau pathology, some studies have reported that astrocytes respond to 
hyperphosphorylated tau (phospho-tau) and suggested their implication on tau transmission/elimination. 
Here, we aimed to analyze the astroglial reactivity to tau pathology in the hippocampus of two transgenic 
mouse models of tauopathy, ThyTau22 and P301S. Proteinopathy was assessed by western-blotting and 
immunohistochemistry using phospho-tau antibodies (AT8). Inflammatory markers (GFAP, Iba-1, CD45, 
TREM2) were analyzed by qPCR and immunohistochemistry for bright-field microscopy; glial-phospho-tau 
relationship was analyzed under confocal and transmission electron microscopy. P301S mice exhibited an 
intense reactive astrogliosis, increasing with aging in parallel to a strong phospho-tau pathology. ThyTau22 
model showed a slighter astrocyte reactivity accompanied by a lesser accumulation of phospho-tau. 
Astrogliosis in P301S mice closely correlated with an acute DAM-like microglial activation, not observed in 
ThyTau22 hippocampus. Confocal and ultrastructural studies revealed that, in both models, astrocytic 
processes contained phospho-tau, especially those surrounding blood vessels. Our results support that 
astrocytes respond to tau pathology in the absence of Abeta. This reactivity highly correlates with phospho-
tau pathology and markedly depends on microglial activation. Moreover, astrocytes may play a role in the 
elimination/spreading of phospho-tau species through the brain. Deciphering the mechanisms underlying 
these processes might help to develop therapies to slow down the progression of AD.  
Supported by Instituto de Salud Carlos III (ISCiii) of Spain, co-financed by FEDER funds from European Union 
through grants PI18/01557 (to AG), PI18/01556 (to JV), and by Junta de Andalucia through Consejería de 
Economía y Conocimiento grants UMA18-FEDERJA-211 (AG), P18-RT-2233 (AG) and US-1262734 (JV) co-
financed by Programa Operativo FEDER2014-2020. 
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The Purkinje Cell Degeneration (PCD) mutant mouse suffers the postnatal death of the mitral cells of the 
olfactory bulb. Previous results demonstrated that a transplant of healthy bone marrow slows down the 
degeneration of these neurons, improving the olfaction of PCD mice. Besides, IGF1 is a growth factor with 
neuroprotective properties that is also defective in PCD mice. Then, we combined both cell and gene therapies 
by over-expressing the Igf1 gene in transplanted cells for optimizing the neuroprotection for PCD’s bulbar 
degeneration. 
 
Hematopoietic stem cells from healthy green fluorescent protein (GFP) donors were cultured during 9 days 
in vitro (DIV). At DIV 7, the cells were infected with lentiviruses carrying the Igf1 gene under the EF1a 
constitutive promoter, and the cyan fluorescent protein (CFP) as reporter molecule. In parallel, the bone 
marrow of PCD mice was ablated by an irradiation of 7.5 Gy at postnatal day 19 (P19). At P20, irradiated 
animals received an intravenous transplant of 7.5 million of unfractioned healthy bone marrow stem cells, 
supplemented with genetically modified hematopoietic cells (ratio 1:1). At P150, animals were sacrificed and 
their olfactory bulbs were analyzed by immunofluorescence techniques and quantitative PCR. 
 
Our results showed that the transplantation of a genetically modified healthy bone marrow virtually stopped 
the mitral cell loss of PCD mice. Interestingly, it also allowed the survival of certain Purkinje cells, a practically 
inexistent neuronal population in PCD mice at P150. Both standard and genetically modified transplants 
activated PCD’s microglia also changing its inflammatory pattern, which resembled a wild-type one. 
Additionally, the genetically modified transplant prevented DNA damage, which seems to be the most 
plausible mechanism that underlies its higher protection. Therefore, the combination of cell and gene therapy 
supposes a remarkable strategy to achieve neuroprotection. 
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The Purkinje Cell Degeneration (PCD) mouse suffers a mutation in the Ccp1 gene, which codifies a 
carboxypeptidase responsible for the stability of the cytoskeleton. Under its absence in the PCD mouse, the 
Purkinje cells (PC) of the cerebellum collapse and at 30 post-natal days (P30) just a few PC remain alive, mainly 
in the lobule X. It is not fully understood why this region maintains its cell population longer than the other 
lobules. 
 
We have studied several genes related with Ccp1 and the equilibrium of the cytoskeleton, like Ccp4, Ccp6 and 
Ttll1 by qPCR and by Western Blot; the Ccp family deglutamylates the cytoskeleton, the Ttll family 
polyglutamylates it, and both families must stay in equilibrium. Besides, we have studied with 
immunohistochemistry techniques the expression of HSP25, a Heat-Shock-Protein responsible for the 
neuroresistance of the lobule X in other animal models of ataxia. Moreover, we have also analysed the 
expression of the phosphorylated version of HSP25 (HSP25-P), which has even more anti-apoptotic 
properties.  
 
We demonstrated that the lobule X of the wild type cerebellum has a lower expression of Ccp1, so it is possible 
that this lobule is less dependent of this gene, its absence being less harmful in the PCD mouse. Similarly, Ttll1 
is less expressed in the lobule X than in the rest of the vermis, which could imply that the cytoskeleton of this 
lobule is less glutamylated, so that is why the deglutamylating function of Ccp1 is less required. Finally, we 
have seen that both HSP25 and HSP25-P are more expressed in the lobule X of the PCD mouse than in the 
wild type one. Therefore, HSP25 and HSP25-P could be also responsible of the neuroresistance of the lobule 
X in the PCD mouse. Altogether our data suggest a multifactorial origin for the neuroresistance of this 
cerebellar region. 
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Corpora amylacea (CA) are spherical polyglucosan bodies that accumulate primarily in the periventricular, 
perivascular and subpial regions of the human brain during aging and some neurodegenerative diseases. 
Recent studies indicate that CA gather waste substances from the brain and act as waste containers. It has 
been reported that CA contain some neo-epitopes (NEs) recognized by natural IgMs, but these NEs are still 
undefined. Here, we performed IgM preadsorptions with increasing concentrations of specific 
monosaccharides to find out if the preadsorption produced a partial or total inhibition of CA staining by the 
IgMs. As controls, the same studies were performed by staining CA with concanavalin A (ConA), a plant lectin 
that binds to particular carbohydrate structures, and with an antibody directed against the p62 protein (anti-
p62). ConA and anti-p62 were preadsorbed with the mentioned monosaccharides under the same conditions 
as IgMs. As expected, CA staining with ConA was blocked by the preadsorption with the appropriate 
monosaccharides. On the other hand, CA staining with anti-p62 was not affected by any monosaccharide 
tested, which demonstrated that the preadsorption with the sugars did not block the antibodies directed 
against the proteins. Regarding IgMs, we observed that the binding between the natural IgMs and the NEs 
sited on CA become interfered in vitro by the preadsorption with certain monosaccharides, particularly by 
glucose. These findings point out the carbohydrate nature of the NEs located in CA. Moreover, the present 
study indicates that, in vitro, the binding between certain natural IgMs and certain epitopes may be disrupted 
by some monosaccharides. Whether these inhibitions may also occur in vivo will be addressed in future 
experiments. In this regard, further studies will be carried out to assess the possible in vivo effect of glycemia 
on the reactivity of natural IgMs and, by extension, on natural immunity.
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Aging and neurodegenerative processes induce the formation of waste substances in the brain. Some of these 
substances accumulate in corpora amylacea (CA), a type of polyglucosan bodies constituted primarily by 
polymerized hexoses. CA act as waste containers, since they contain waste products from the human brain, 
are released from the brain into the cerebrospinal fluid, and reach the cervical lymph nodes where they are 
phagocytosed. In recent work, we found out that CA contain some neo-epitopes (NEs) that are recognized by 
natural IgMs, revealing a possible link between them and natural immunity. Natural antibodies, always 
present in the blood, help to maintain homeostasis by interacting with the NEs formed in old or damaged 
structures. Although some of these NEs are of carbohydrate nature, the precise nature of the NEs contained 
in CA is still unknown. In order to shed light on their nature and to discard that they are of peptidic nature, 
we stained the CA with IgMs after their digestion with pepsin. As controls, digested CA were stained with an 
antibody directed against the p62 protein (anti-p62), with an NHS ester probe, which binds to proteins, and 
with concanavalin A (ConA), a carbohydrate-binding protein. Predictably, the digestion of CA proteins 
prevented the CA staining with both anti-p62 and NHS ester probe, but the staining with ConA, which is 
directed against sugar structures instead of proteins, was unaltered. Similarly, CA staining with IgM was 
maintained after pepsin treatment. This evidence consistently rejects the protein nature of the NEs sited on 
CA while supports their carbohydrate nature. Moreover, the possible presence of carbohydrate NEs in CA 
reinforces that CA are structures involved in the entrapment of damaged and non-degradable products and 
their role in protective or cleaning mechanisms.
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   Uncoupling of metabolism from circadian activity is associated with increased risk of various pathologies, 
including neurodegeneration. Recently, insulin and the closely related insulin-like growth factor I (IGF-I) were 
shown to entrain feeding patterns with circadian rhythms. Moreover, both hormones act centrally to 
modulate peripheral glucose metabolism; however, whereas central targets of insulin actions are intensely 
scrutinized, those mediating the actions of IGF-I remain undefined. We analyzed whether IGF-I targets orexin 
neurons in the lateral hypothalamus, as these neurons are involved in circadian rhythms and energy 
allocation, and are modulated by IGF-I. Mice with disrupted IGF-IR activity in orexin neurons show phase shifts 
in circadian feeding behavior, loss of circadian orexin expression, and gradually develop sex-dependent 
metabolic alterations. We also found that central modulation by IGF-I of hepatic KLF transcription factors 
involved in peripheral glucose metabolism is mediated by orexin neurons. Thus, IGF-I entrains energy 
metabolism and circadian rhythms through hypothalamic orexin neurons.
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Background: abduction and adduction of the vocal folds are performed by motoneurons located in the loose 
formation of the nucleus Ambiguus (nA)  innervating the laryngeal muscles. In previous studies we have 
demonstrated a functional interaction between hypothalamic (DMH-PeF), mesencephalic (dlPAG) and 
pontine nuclei (PBc, A5 region)  involved in cardiorespiratory control and in changes of laryngeal caliber 
(López-González et al., 2020; Lara et al., 2002). The Cuneifom nucleus (CnF) of the mesencephalon has 
afferent and efferent connections with all these nuclei. The aim of this study was to characterize the 
electrophysiological relationships between the CnF and those pontine-medullary neuronal circuits to 
understand their role in laryngeal control and its effect on vocalization. To achieve this objective is necessary 
to develop a variation of the classical technique of the “isolated glottis in situ” for the recording of subglottic 
pressure in rats. 
 
Methods: experimental basic preclinical study in non-inbred male rats [SPF, Sprague-Dawley (250-300 
grams)]. Animals were anesthetized with sodium pentobarbitone (60 mg/kg i.p., initial dose, supplemented 2 
mg/ kg, i.v., as necessary). A double tracheal (upwards for the “glottis isolated in situ” technique, and 
downwards in the direction of the carina). Vagus and laryngeal recurrent nerves were isolated and stimulated 
with bipolar electrodes (Ag/AgCl). Electrical stimulation of the CnF using concentric bipolar electrodes was 
performed (1 ms pulses, 20-40 µA, 100 Hz for 5 s). Subglottic pressure, respiratory flow, pleural pressure, 
blood pressure, heart rate and unitary neuronal activity were also recorded.  
 
Results: subglottic pressure was recorded in rats with an aneroid transducer (ADInstrument model FE141, ± 
0,03 psi) by passing a stream of humidified medical air upwards through the larynx at a constant rate of 50-
100 ml/min with a thermal mass digital air flow meter controller (Bronkhorst Hi-Tec F-201CV-AGD-22-V) 
 
Conclusions: our variation of the classical technique for the recording of the “isolated glottis in situ” in rats 
shows good dynamic responses and can be perfectly used as an index of subglottic pressure and laryngeal 
activity. 
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Wiring diagrams of neural circuits are of central importance in delineating mechanisms of computation in the 
brain. Hereby, the individual parts of neurons - axons, dendrites and synapses - need to be densely identified 
in 3-dimensional volumes of neuronal tissue. This is typically achieved by volume electron microscopy, which 
requires ultrathin physical sectioning or ablation, using high precision slicing techniques or ion beams, either 
before or during the image acquisition process.  
 
Here, we employed cryogenic X-ray ptychographic tomography, a coherent diffractive X-ray imaging 
technique, to acquire 3-dimensional images of metal-stained mouse neuronal tissues with sufficient 
resolution to densely resolve axon bundles, boutons, dendrites and synapses without physical sectioning.  
 
We show that a tissue volume of 10-20 µm in diameter can be imaged with X-ray ptychographic tomography 
and subsequently with focussed ion beam-scanning electron microscopy (FIB-SEM). This suggests that metal-
stained neuronal tissue can be highly radiation-stable. Using FIB-SEM as ground truth, we show that X-ray 
ptychographic tomography resolves 60% of the synaptic contacts in the mouse olfactory bulb external 
plexiform layer with an 80% precision.  
 
We demonstrate that synapses can be detected using X-rays. Ongoing improvements in synchrotron, X-ray 
and detector technologies as well as further optimization of sample preparation and staining procedures 
could lead to substantial improvements in acquisition speed. Combined with laminography and nano-
holotomography it could allow for non-destructive X-ray imaging of synapses and neural circuits in 
increasingly larger volumes.
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Exosomes are a type of small (30-200 nm) extracellular vesicles, which have a single membrane and a cytosol 
filled with proteins, DNA, RNA and other molecules. These vesicles play a fundamental role in intercellular 
communication, since they are synthesized by all types of cells and can transport molecules, even changing 
the phenotype of a receptor cell to a phenotype similar to the cell that has synthesized the vesicle. Such is 
their importance that they have already been related to several biological processes such as homeostasis, 
angiogenesis or the immune response; and to several pathologies such as cancer, neurodegenerative diseases 
and epilepsy. The aim of this project has been to perfect a method for isolating and characterization of blood 
exosomes from the GASH/Sal model of epilepsy using different techniques. The GASH/Sal constitutes an 
experimental model of reflex epilepsy of audiogenic origin derived from an autosomal recessive disorder. 
Differential centrifugation and size exclusion chromatography were the two isolation techniques chosen for 
this project and those that allowed the isolation of exosomes from GASH/Sal hamsters. Regarding the 
characterization techniques, electron microscopy and Nanosight particle tracker were useful to characterize 
the size and concentration of exosomes. We obtained particles ranging in diameter from 50 to 180 nm and a 
concentration of 1.8-2 x 108 particles/ml. However, flow cytometry and western blotting did not identified 
exosomes in the samples, because commercial antibodies against CD63, one of the exosomal typical markers, 
did not work for Syrian hamster. Future challenges should focus on designing these types of antibodies and, 
above all, on analyzing the content of the exosomes to find molecules that may be related to epilepsy. 
Acknowledgements: Research supported by the Grants from the JCyL predoctoral research (BOCYL 
EDU/1508/2020); Instituto de Salud Carlos III (#PI19/01364, PIs: D.E. López and R. Gómez-Nieto) and JCyL (# 
SA075P20, PI: D.E. López) both cofinanced with the European Union FEDER funds; #GRS 2158/N2020 (PI. J. 
Gonçalves) and Fundación Samuel Solórzano Barruso FS/12-2020 (PI. R. Gómez-Nieto).
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In Parkinson’s disease (PD), there is a preferential degeneration of neurons that contain the pigment 
neuromelanin, especially dopaminergic neurons of the substantia nigra (SN), the loss of which leads to 
classical motor PD symptoms. We recently developed the first rodent model of human-like neuromelanin 
production based on the viral vector-mediated nigral expression of melanin-producing enzyme tyrosinase 
(AAV-hTyr). This has revealed that neuromelanin can trigger PD pathology when accumulated above a specific 
pathogenic threshold. Because neuromelanin derives from the oxidation of free cytosolic dopamine, we 
hypothesized that enhancing dopamine vesicular encapsulation with vesicular monoamine transporter 2 
(VMAT2) will decrease cytosolic dopamine that can convert to neuromelanin. This approach should slow 
down the intracellular buildup of neuromelanin that occurs with age and thus prevent, delay or attenuate PD 
pathology.  
 
Adult male Sprague-Dawley rats received single unilateral stereotaxic co-injections of AAV-hTyr and AAV-
VMAT2 immediately above the SN. Control animals received equivalent amounts of either vehicle, AAV-hTyr 
or AAV-VMAT2, separately. At selected times post-injection animals were assessed for motor asymmetry and 
their brains processed for histological analyses.  
 
VMAT2 overexpression in hTyr-expressing rats reduced intracellular neuromelanin to levels below its 
pathogenic threshold by lowering the production of dopamine-oxidized neuromelanin precursors. In these 
animals, reduction of neuromelanin levels was associated with a marked attenuation of Lewy body-like 
inclusion formation, nigrostriatal degeneration, extracellular neuromelanin accumulation, 
microglia/macrophage activation  and PD-like motor deficits.  
 
Our results demonstrate the feasibility and therapeutic potential of modulating intracellular neuromelanin 
levels in vivo.
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Aging is accompanied by a reduction of muscle mass and strength, known as sarcopenia, and an important 
impairment of motor abilities. 
To elucidate mechanisms leading to sarcopenia, we undertook a detailed characterization of 
pathophysiological changes occurring in the mouse neuromuscular system over the course of aging. Motor 
behavioral and electrophysiological tests, and histological and immunocytochemical analyses were 
performed in slow- and fast-twitch muscles of young, adult and old C57BL/6J mice. Aging was associated with 
a reduction in body weight and a gradual decline in locomotor activity of mice. In muscles from old mice, 
neuromuscular junctions showed higher numbers of both polyinnervated and denervated endplates, signs of 
endplate fragmentation and ectopically innervated acetylcholine receptor clusters throughout myofibers. In 
relation to adult animals, skeletal muscles of old mice exhibited increased expression of different molecules 
related to neuromuscular junction stabilization and plasticity, including: CGRP, GAP-43, FGBP1, TGF-β1 and 
agrin. Moreover, a higher proportion of myofibers showing increased size, central nuclei (indicating a process 
of degeneration and regeneration), and lipofuscin aggregates were found in muscles from old mice when 
compared with those in adult animals. Changes in fiber type composition, a decrease in the number of satellite 
cells and a reduction of both PGC-1α and ATP5A in old muscles were also found. In relation to young-adult 
mice, old animals had a significant reduction in the nerve conduction velocity and the amplitude of the 
compound muscle action potential in distal plantar muscles. Although the distinct type of old muscles 
examined share some common features indicative of the aging process, the profile of some alterations 
differed between muscles. This variability was noticed even between muscles located in close vicinity and 
having similar type composition. These data suggest that the degree of activity and specific function of 
muscles, rather than topography and fiber typology, have greater impact on muscular changes occurring with 
aging.
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Plastic production has increased exponentially and a significant proportion ends up in aquatic and terrestrial 
environments. Mechanical, physical, and biological processes degrade this material producing micro (< 5 mm) 
and nanoplastics (< 1000 nm; NP). Exposure routes include ingestion (food and water), inhalation, and dermal 
absorption. In addition, microplastics have recently been discovered in human placentas. Some NP health 
effects have been reported, and developmental neurotoxicity (DNT) is one of the most important ones due 
to the smallest NP potential capacity to penetrate the blood-brain barrier. Therefore, our main objective was 
to investigate possible DNT effects of NP at a cellular and organism level.  
To accomplish this, we selected an in vivo model, the developing zebrafish embryo, and an in vitro model, a 
human neural stem cell line, both widely used to study DNT. The two models were exposed to polystyrene 
NP of 30 nm, fluorescently labeled and pristine, at concentrations that have been reported in nature, ranging 
from 0,2 - 10 mg/L. Embryos were exposed from 1 - 120 hours post-fertilization, and cells for a total of 16 h - 
4 days.  
Our results show that 30 nm NP can penetrate both embryo and cell models but are not able to enter the cell 
nuclei. Accumulation was dependent on concentration. Developing neural cells suffered from morphological 
changes that were reflected in proliferation and differentiation markers, and increased mortality. NP particles 
penetrated zebrafish organs, blood vessels, and were observed in larvae brain, eyes, and otoliths. DNT was 
indicated by smaller head and eye sizes, and alterations in locomotion, anxiety, and acetylcholinesterase 
assays.  
In conclusion, 30 nm polystyrene NP are able to accumulate in cells and organs and induce DNT effects in 
both in vitro and in vivo models. 
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SCA36 is a late-onset spinocerebellar ataxia affecting families from Costa da Morte (Galicia, Spain). It presents 
manifestatations consistent with the presence of cerebellar cognitive-affective syndrome. However, social 
cognition has not been evaluated in these patients. We used the “Reading Mind in the Eyes” Test in 21 
patients of different stages of disease, matched in age, sex and educational level with 21 controls. Emotional 
processing of human faces, specifically those with negative and neutral valence, seems to be altered in 
preataxic stage, before first motor symptoms. Nevertheless, correct answers to negative stimuli continue 
decreasing as the disease progresses and correlate with the motor impairment measured with the SARA scale. 
This result supports the hypothesis that the change in the recognition of social emotions could be specifically 
related to an alteration in the cortico-cerebellar circuit.
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Aging is one of the primary health concerns in the entire world. Healthy seniors experience a cognitive decline 
that affects their daily functioning, yet their ability to process emotional information seems to be well-
preserved. Aging modulations on this cognitive-emotional interrelation as well as the underlying neural 
networks remain unclear. Hence, we aimed to examine the neural underpinnings of joint emotional and 
memory processing in young and older individuals with electroencephalography (EEG). To this end, 34 young 
and 38 older individuals performed an memory task with emotional content while they were recorded with a 
128-channel EEG system. Specifically, they performed an emotional recognition task with positive, negative 
and neutral pictures. Behavioural data was analysed under the frame of the Signal Detection Theory. We 
employed EEG machine learning paradigms to gain insight into the neural data. Specifically, we used linear 
(logistic regression) and nonlinear (multi-layer perceptrons) automatic models in order to classify subjects by 
age, just considering the neural information collected by EEG.  Behavioural results reflect that older adults 
exhibit a reduced recognition ability for positive stimuli compared to young adults, suggesting that positive 
stimuli may generate higher interference than negative or neutral stimuli in emotional recognition with age. 
EEG results indicate that neural information alone can successfully classify young and older participants with 
high accuracy. In this regard, we are currently running brain-behavioural correlations that may help us fine-
tune the interpretation of these results.  
 
Key words: aging, cognitive-emotional interrelation, emotional recognition task, EEG, machine learning 
paradigms
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Purpose: Transient ischemia-reperfusion (I/R) induced by acute elevation of the intraocular pressure (IOP) is 
a commonly employed method to study acute angle-closure glaucoma. Here, we assess various ischemic and 
survival intervals with functional and histological techniques. 
 
Methods: I/R was induced in C57BL/6J mice by inserting a 30G needle in the anterior chamber of the left eye 
connected to a 500mL bottle of 0.9%NaCl at a high of 150cm, to increase the IOP from 8 to ≈90 mmHg. Four 
intervals of ischemia were studied (45’, 60’, 75’ or 90’) (n=4 each group) and 3 days later mice were perfused, 
their retinas flat-mounted and immunolabelled against Brn3a to identify retinal ganglion cells (RGCs). We also 
studied the effects of 60’ I/R: in vivo retinal function by electroretinograms recordings at 3, 7, 14, and 21 days 
after injury (n=12) and ex vivo the survival of several retinal populations at 3, 7, 14 or 21 days, including RGCs, 
horizontal cells and S-cone and L/M cone photoreceptors; identified with Brn3a, calbindin, S- and L/M-Opsin 
antibodies, respectively.  
 
Results: At 3 days of 45’ of I/R the Brn3a+RGC population remained intact, however after 60’, 75’ or 90’ the 
Brn3a+RGC population it was reduced to 75, 37.5 and 12.5 percent, respectively.  At 7 days after 60' of I/R, 
Brn3a+RGCs decreased to 50%, and remained unchanged at 21 days.  Horizontal cells and S-cones remained 
unchanged at every time interval examined. L/M cones diminished significantly at 7 days (≈70%) and further 
decreased to 58% at 14 days without further changes at 21 days. Functional analysis shows a permanent 
decrease in all waves studied, from 3 to 21 days after I/R. 
 
Conclusions: Pigmented mice retina shows a damage threshold between 45’ and 60’ minutes of I/R for RGC 
survival. 60’ of I/R leads to a rapid loss of innermost retina that from 3 to 7 days, the horizontal cells are not 
affected, while in the outer retina, L/M cones are affected but S cones are not. 
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NG2-glia, also named as NG2-cells,  is a neural cell type with a particular morphology and function different 
to neurons, astrocytes, and oligodendrocytes. Classically NG2-glia  were considered as precursor of 
oligodendrocyte cells (OPC)  but those cells have many different roles from development to adulthood, 
besides to be involved in the response to brain injury. In addition, this neural cell population persists in the 
adult brain, where they comprise about 5-8% of all CNS cells, and distribute homogenously throughout grey 
and white matter. NG2-glia is a highly proliferative cell population in both during development and adulthood, 
suggested that they are not just lineage-committed progenitors, but also multipotent neural stem cells. To 
decipher in vivo the adult cell potential of NG2 progeny of single E16 progenitors, we performed a novel 
variant of the StarTrack, the NG2-StarTrack, which expression is drived by the mouse NG2 promoter. NG2-
StarTrack plasmids and the hyPBase transposase were injected intracerebroventricular lateral of embryos 
mice and the E16-progenitors of the dorsal wall transfected by electroporation. At P250 we performed a 
morphological and immunohistochemical analysis of the derived NG2-cell progeny from E16-progenitors, to 
assess the progenitor cell fate at late adult ages. We identified StarTrack labeled cells with several neural 
phenotypes in different regions of the forebrain,  as interneurons in the granule cell layer of the olfactory 
bulb. In addition, in the somatosensory cortex labeled cells showed diverse morphologies corresponding to 
oligodendrocytes, protoplasmic astrocytes, pial astrocytes, NG2-glia, and even neurons. In the corpus 
callosum, NG2-StarTrack labeled cells displayed cell phenotypes with a morphological and 
immunohistochemical features of oligodendrocytes, fibrous astrocytes, and NG2-glia. Together, this specific 
in vivo targeting of embryonic neural progenitors reveals new data on the cell fate of the heterogeneous pool 
of single E16 dorsal progenitors. Supported by research Grants from MICINN (PID2019-105218RB-I00) and 
Fundación Ramón Areces (Ref. CIVP9A5928). EAC is supported by CONACyT number 770752. 
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The neocortex accomplishes a wide range of sophisticated tasks, such as cognition, language, sensory 
perception and motor integration. In order to conduct them, the neocortex displays an extensive cell diversity 
arisen from neural stem cells, known as radial glial cells (RGCs), through tightly regulated mechanisms. In 
particular, RGCs lining the ventricular walls produce different subsets of excitatory projection neurons (PNs) 
distributed in a laminar manner with specific molecular signatures, morphologies and connection patterns. 
Among them, cortico-cortical PNs, mostly located within the upper cortical layers, are increased in superior 
mammals like primates and are described to be more susceptible to dysfunction in psychiatric disorders. 
Previous studies have shown that genetic inactivation of adherens junction (AJ)-associated proteins Cdh2 and 
afadin in the dorsal telencephalon, produces dramatic expansion of the neocortex due to the overproduction 
of PNs expressing upper-layer neurons markers. These features have been detected in certain rodent models 
of autism spectrum disorder (ASD) as well as in some ASD patients. Here, we aim to understand the molecular 
mechanisms acting downstream of these AJ-associated proteins involved in the control of neocortical 
progenitor behaviour and how alterations in these genes could cause cognitive and social deficits like the 
observed in ASD patients. To this end, we have examined the expression of candidate genes by RT-qPCR in 
these conditional AJs mutant mice and found changes in some genes whose dysregulation has been also 
linked with ASD. In order to unveil the existence of cognitive and social alterations in these mice, we have 
performed a thorough behavioural characterization. Taken together, our data underline the importance of 
afadin and Cdh2 in the regulation of neocorticogenic mechanisms that, when perturbed, cause behavioural 
deficits, and might help to provide new insights into ASD pathogenesis. 
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The Limbic System is composed by circuits that regulate emotional sensations and self-protective behaviours 
(i.e. feeding, fighting or reproduction) and circuits that correlate expressive states and feelings of sociability 
and procreation. Among the several subcortical neuronal components of this system, the Habenula (Hb) 
seems to play a crucial centered role. The Hb is constituted by two main domains, the medial and the lateral 
Habenula (mHb, lHb). The afferences to the habenular complex, despite having different origins, are 
concentrated in a single tract, the stria medullaris (sm). This fascicle can be subdivided into two groups 
depending on their target (either mHb or lHb domains). 
Recently, the subnuclear organization of both domains has been deeply analysed. The mHb subnuclei present 
a well stereotyped boundaries with differential gene expression profile while the lHb subnuclei are composed 
of many distinct cell types with a non-predicted molecular heterogeneity. 
Our hypothesis is that the transcriptomic subdivision of Hb has a functional role in the limbic system circuits. 
Thus, we analysed the sm different innervation terminations by means of Hb transcriptomic subdivision. We 
used the Mouse Brain Connectivity section of the Allen Mouse Brain Atlas (www.allenbrainatlas.org) and 
selected eleven origin nuclei that project into the Hb complex. Our results suggest that septal nuclei would 
mainly innervate the ventral portion of the mHb. Meanwhile, pallidal nuclei would innervate the dorsal aspect 
on the mHb. Finally, the hypothalamic nuclei would innervate the lHb in a less compartmentalized manner. 
We therefore, may conclude that afferences to the Hb display a topographic-transcriptomic distribution. This 
distribution may underlay the still poorly understood internal circuitry in the Hb complex. 
Work supported by MINECO/AEI/FEDER (SAF2017-83702-R), GVA (PROMETEO/2018/041), ISCIII 
(“RD16/001/0010”), co-funded by ERDF/ESF, “Investing in your future”, and FTPGB (FTPGB18/SM) to S. 
Martinez. The Institute of Neurosciences is a “Centre of Excellence Severo Ochoa (SEV-2017-0723)”. 
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During embryonic and postnatal development of the dentate gyrus (DG), neural stem cells (NSCs) proliferate, 
migrate and generate mature granule neurons. In sharp contrast to other brain regions, in the DG a 
subpopulation of NSCs, are set aside in the subgranular zone (SGZ) and continues generating new granular 
neurons throughout adult life. One of the characteristics that distinguish adult NSCs most clearly from their 
embryonic counterparts is the acquisition of quiescence, by which adult NSCs remain for long periods out of 
the cell cycle. While most of NSCs will remain in a dormant state of deep quiescence throughout life, the 
transitions back and forward from an active /proliferative state to a temporal shallow quiescence or resting 
state, ensure the lifelong maintenance of the hippocampal stem cell population.  However, it is unclear when 
and how adult NSCs acquire dormant or resting quiescence during development.  
 
We have recently determined that SoxD transcription factors are required for the transition from quiescence 
to activation in NSCs and for the generation of new neurons in the adult SGZ. Now, we have determined that 
abolishing Sox5 expression in DG during development (using a Nestin-cre line; Sox5Nestin mice) provokes a 
drastic decrease in NSCs proliferation during the first postnatal weeks and a decrease in neurogenesis. 
Surprisingly, by P30, Sox5Nestin mice show an enhancement of RGLs proliferation, a reduction in RGL 
quiescence and an increase in neurogenesis. Moreover, we have established that at P30 the transitions 
between a primed /superficial quiescence and active/proliferative state are severely altered in NSCs from 
Sox5Nestin mice. Finally, by P150, the pool of NSCs and that of new neurons are reduced, indicating that in 
the absence of Sox5 the life-long maintenance of the adult neurogenic niche is compromised. Thus, our 
studies reveal a critical time window around P14-P30 when dormant and resting quiescence is established 
and when Sox5 plays a crucial role.  
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Type I lissencephaly is a severe developmental brain disorder caused by mutations in the Lis1 gene. Despite 
the recent advances in understanding its functions, it is not fully understood the roles of Lis1 in specific 
neuronal populations during development and how these roles may modulate the maturation and function 
of the central nervous system (CNS).  
 
Inhibitory GABAergic interneurons are important players in regulating the correct migration and activity of 
excitatory pyramidal neurons necessary for a proper functional maturation of the cortex. These interneurons 
express Lis1 and it is well known that a disruption of the balance and coordination between excitatory 
pyramidal neurons and inhibitory interneurons result in deep alterations of the brain functions such as 
epilepsy.  
 
To address the unexplored role of Lis1 in GABAergic interneurons and its contribution to neurological 
disorders etiology and associated brain malfunctions, we generated a new mouse model specifically targeting 
the loss of Lis1 at the parvalbumin positive (PV+) GABAergic interneurons (Lis1cKO-PV+).  
 
The hippocampus of postnatal (P15-P21) Lis1cKO-PV+ mice displayed a severe phenotype characterized by 
the presence of neuronal heterotopia affecting to the CA2/CA3 regions. In this hippocampal area the 
pyramidal cell layer was disorganized and there was an abnormal placing of pyramidal neurons from the 
stratum oriens to the stratum radiatum. These histological data highlighted, for the first time, that the specific 
role of Lis1 on the hippocampal GABAergic PV+  interneurons had a non-cell autonomous impact on the 
surrounding neural population of this cortical region. 
 
Work supported by MINECO/AEI/FEDER (SAF2017-83702-R), GVA (PROMETEO/2018/041), ISCIII 
(“RD16/001/0010”), co-funded by ERDF/ESF, “Investing in your future”, WOP, and FTPGB (FTPGB18/SM) to S. 
Martinez. The Institute of Neurosciences is a “Centre of Excellence Severo Ochoa (SEV-2017-0723)”. 
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The cerebellum is related mainly to the coordination and regulation of locomotor activities such as control of 
fine movements, equilibrium, motor learning, and ocular movements. The formation of cerebellar neuronal 
circuits and the development of the physiological functions of the cerebellar cortex require a precise cortical 
sequence of neural differentiation and migration steps.  
The Lis1 gene regulates the dynein dependent axonal transport, mediates neuronal migration in the 
developing brain, and supports synaptic integrity in the mature brain. In human, defects in LIS1 expression 
produce lissencephaly type I and is probably related to other neurological disorders such as schizophrenia. 
Lis1 is expressed throughout the entire lifespan of the central nervous system, but little is known about its 
potential role in the development and mature structure of the cerebellum, and particularly about the 
consequences of Lis1 dysfunction in specific neuronal types.  
Parvalbumin(PV) is highly expressed in cerebellar Purkinje cell layer(PCL) during the formation and maturation 
of this cerebellar sheet. We have studied the cerebellar alterations caused by the selective inactivation of Lis1 
in PV expressing neurons, creating a conditional Lis1 knockout mouse in PV+ neurons (Lis1cKO-PV+). 
During prepuberal stages(P15-P21), Lis1cKO-PV+ mice presented a strong ataxic locomotor phenotype, 
reflecting possible dysfunctions in the cerebellum. At the cellular level, PCL displayed a clear impaired 
organization. Anatomically, Purkinje cells presented an abnormal soma with a rudimentary and atrophic 
dendritic arborization. Moreover, V-Glut1, a glutamatergic neuronal terminals marker, showed an abnormal 
organization of the excitatory basket nets generated by these terminals around the Purkinje soma. Altogether, 
these data suggest that Lis1 expression in Purkinje cells is not only required for their proper development and 
therefore the PCL organization but also for the normal synaptogenetic mechanisms leading to the 
organisation of the glutamatergic presynaptic terminals. These results also indicate the presence of non-cell 
autonomous effects of Lis1 dysfunction.  
Work supported by MINECO/AEI/FEDER(SAF2017-83702-R), GVA(PROMETEO/2018/041), 
ISCIII(“RD16/001/0010”), ERDF/ESF,“Investing in your future”,WOP, and FTPGB(FTPGB18/SM) to S.Martinez. 
The Institute of Neurosciences is a “Centre of Excellence SeveroOchoa(SEV-2017-0723)”. 
 
 



 

PS4-08 
Cerebral cortex development is coordinated by mitochondrial reactive 
oxygen species  
Ms. Regina Mengual1,2, Dr. Cristina  Rodríguez1,2, Dr. Verónica Bobo-Jímenez1,2, Dr. María Delgado-Esteban1,2, 
Prof. Juan Pedro Bolaños1,2,3, Dr. Angeles Almeida1,2 

1Institute of Biomedical Research of Salamanca, University Hospital of Salamanca, Salamanca, Spain, 2Institute of 
Functional Biology and Genomics, University of Salamanca, CSIC, Salamanca, Spain, 3CIBERFES, Instituto de Salud Carlos 
III, ,  
 

The nervous system is particularly sensitive to reactive oxygen species (ROS) (1). Under physiological 
conditions, ROS regulate cell proliferation, neuronal differentiation, and synapse maintenance, indicating a 
key role of ROS in neuronal function and homeostasis. Moreover, mitochondrial ROS (mROS) generated by 
astrocytes regulate brain metabolism and behavior. Particularly, the reduction of astrocytic mROS in the adult 
alters neuronal structure and integrity leading to cognitive decline (2). However, the impact of mROS 
generation in the developing brain is unknown. 
 
Here, we used mice genetically engineered to constitutively express a mitochondrial tagged enzyme catalase 
(mCAT) to downmodulate endogenous mitochondrial ROS generation (2).  
 
We found higher levels of neuronal markers, TAU and MAP2, and increased neurite outgrowth in primary 
cortical neurons from mCAT, in comparison with wild-type (WT) neurons, at 3 days in culture. Then, mROS 
downregulation accelerated neuronal differentiation in vitro. Next, we evaluated whether the decreased 
mROS in the brain altered neurogenesis in vivo. Downregulation of mROS altered neurogenesis and layer 
organization in cerebral cortex from E15 mice. The proportion of cells expressing the progenitor cell marker 
NESTIN was lower, whereas that expressing neuronal markers TUJ1 and MAP2, was higher in the E15 mCAT 
cortices, compared to WT. Moreover, number of proliferating cells (BrdU-positive cells) in the 
ventricular/subventricular zones was lower, whereas immature neurons (TUJ-1 positive cells) were enriched 
in the interzone layer of E15 mCAT cortices, in comparison to WT. This was accompanied by an altered cortical 
radial distribution of MAP2 positive neurons in the cortex of E15 mCAT.  
 
Our results suggest a key role of endogenous mROS levels in cell proliferation and neurogenesis onset, which 
would coordinate layer patterning in the cerebral cortex during brain development. 
 
ISCIII: PI18/00103; PI18/00285; RD16/0019/0018; FEDER European regional development fund; JCyL: 
CSI151P20; CLU201703 P.O.FEDER CyL1420 and EDU/556/2019. 
 
(1) Salim S. J.Pharmacol.Exp.Ther. 2017;360(1):201-205.  
 
(2) Vicente-Gutiérrez C, Bonora N, et al. Nat.Metab. 2019;1(2):201-211.  
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The maturation of functional sensory circuits with the capacity to process information is a highly orchestrated 
process that takes place during postnatal stages. It involves the interplay of progressive and regressive events 
that will stabilize some synapses and remove others. Problems during this critical period contribute to a wide 
spectrum of neurological disorders in later life. The pruning of axons and dendrites is controlled by multiple 
factors, one of them being the activity sensed and transmitted by N-methyl-D-Aspartate receptors (NMDARs). 
Here we focus on a new class of NMDARs that are characterized by the presence of GluN3A subunits and play 
an essential role in the activity-dependent refinement of synaptic connections. In mouse primary 
somatosensory cortex (S1) GluN3A expression peaks around postnatal days 6-9 and declines until reaching 
very low adult levels, with temporal differences between cortical layers (Murillo et al., Cereb Cortex 2020). 
Results from our collaborators show that GluN3A-containing NMDARs participate in axonal refinement in such 
a way that knocking out the gene encoding GluN3A (Grin3a) results in an aberrant pattern of callosal 
innervation of S1. Therefore, in this study, we investigated the impact of GluN3A deletion on the 
communication between hemispheres, and analyzed the spontaneous activity and sensory processing in S1 
of juvenile (P20) and adult (P40) mice. To that end, we performed multi-site bilateral recordings of 
spontaneous activity in S1 of awake GluN3A knockout mice (Grin3a-/-). Preliminary results reveal changes in 
the power of several frequency bands in Grin3a-/- compared to wild-type mice at P20. We are currently 
characterizing the ipsilateral whisker responses in S1, which are mediated by callosal inputs. Understanding 
the dynamics of intra- and interhemispheric processing will shed light on the role of the GluN3A-containing 
NMDARs.
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Huntington’s disease (HD) is a neurodegenerative disorder that primarily affects the medium spiny neurons 
(MSNs) of the striatum. Recent evidence indicates that there is a neurodevelopmental component to HD 
where MSN specification, maturation and cellular homeostasis may be affected. However, the dysregulated 
cellular mechanisms underlying these impairments remain to be established. To enhance understanding of 
how neurodevelopment is affected in HD, further study of striatal development in a healthy context is also 
required as it is a brain region whose development is relatively understudied. 
To investigate human striatal development in both a healthy and HD context, we differentiate control and HD 
human pluripotent stem cells in vitro towards an MSN fate. A range of analyses including bulk RNA-seq, single 
cell RNA-seq (scRNA-seq), and functional assays are performed during differentiation to evaluate the 
progression of striatal development and how it is altered in HD. 
Bulk RNA-seq analysis indicates that alternative splicing is affected in HD cells. A set of neurodevelopment-
related genes display differential expression of specific isoforms that is likely to impact on neuronal 
development and function.  
scRNA-seq analysis has identified two main neuroblast populations. Using machine learning we have mapped 
the developmental trajectories that neural precursor cells follow to acquire these neuroblast identities. By 
plotting the expression of known striatal development genes onto these trajectories, we identify additional 
genes with a similar expression pattern that are also likely to have a role in striatal development. 
Analysis of this diverse range of data sets is ongoing as they are integrated to develop a predictive model of 
striatal development. Using this approach, we anticipate that we will identify genes, signaling pathways and 
developmental modules whose modification will revert MSNs in HD to a healthy state. 
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The corpus callosum (CC) is the largest fiber tract of the brain, connecting the two cerebral hemispheres and 
integrating sensory, motor, and higher-level cognitive information. The excitatory-inhibitory balance is crucial 
for sculpting cortical networks during the early postnatal period. Defective CC connectivity during this 
developmental period can correlate with defects in information processing in the adult, such as those 
observed in autism or schizophrenia. Here, we developed an experimental setup that alters excitatory-
inhibitory balance in mice by injecting Diazepam –an agonist of the inhibitory neurotransmitter GABA– at 
specific postnatal windows. The number and location of callosal neurons were characterized via stereotaxic 
injections of the retrograde tracer cholera toxin B (CTB) in the CC of the primary somatosensory and visual 
areas (S1 and V1). We found that intraperitoneal injections of Diazepam result in a reprogramming of the 
interhemispheric adult circuit. In S1 there is a striking increase in layer 4 callosal neurons, while in V1 both 
layer 2/3 and 4 are increased. Interestingly, injections during the first postnatal week preferentially altered 
S1 over V1, while later treatments produce greater changes in V1 compared to S1. Furthermore, 
immunostaining of GABAergic markers to evaluate the status of the inhibitory circuit revealed a decrease in 
the total number of somatostatin interneurons and an increase in the parvalbumin population. Overall, our 
data show that disrupting the excitatory-inhibitory balance during development leads to alterations in both 
the inter-hemispheric and interneuron networks, perhaps in an attempt to maintain network homeostasis. 
We show that Diazepam-dependent plasticity is restricted temporally depending on the sensory area, possibly 
related to each area’s critical period of plasticity. Further experiments using chemogenetics and 
electrophysiology will address whether the observed reprogramming is due to the activity of pyramidal 
neurons.
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Exogenous and endogenous cannabinoid molecules have been shown to modulate oligodendrogenesis and 
developmental CNS myelination. However, the cell-autonomous action of these compounds on 
oligodendrocyte precursor cells (OPC) in vivo has never been explored. Here, by using OPC-specific genetic 
mouse models we show that selective CB1 cannabinoid receptor depletion in OPC prevented cell 
differentiation and perturbed oligodendrogenesis and postnatal myelination. Moreover, early postnatal CB1 
depletion in OPC caused hypomyelination and motor alterations at adult ages in mice. Conversely, CB1 
receptor pharmacological activation promotes oligodendrocyte development and CNS myelination in wild 
type but not in OPC-CB1-null mice. Overall, this study addresses a cell-autonomous role for CB1 receptors in 
OPC modulating oligodendrogenesis that may help in understanding the complex network of signaling 
molecules that drives CNS myelination. 
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NMDA receptors containing GluN3A subunits (GluN3A-NMDARs) are key modulators of the experience-
dependent refinement and consolidation of neuronal circuits during critical periods of postnatal development 
(Nat Rev Neurosci, 2016). Together with their known effects on synapse selection, unbiased RNAseq analyses 
suggested that GluN3A-NMDARs modulate myelination. Specifically, we find that: 1) mRNAs encoding a wide 
range of myelin-related genes are upregulated in GluN3A knockout (KO) mice relative to wild-type; 2) 
enhanced MBP levels and myelinated axons are observed in somatosensory, motor or visual cortices during 
the second postnatal week (postnatal days P11-P18), but not at later stages when GluN3A levels are normally 
down-regulated; 3) the effect can be observed in adult mice upon demyelinating lesions of the CNS.  
 
At the mechanistic level, the myelination phenotype was not due to enhanced numbers of oligodendrocyte 
precursor cells (OPCs), but to a faster or increased differentiation of existing OPCs. Because GluN3A is 
expressed both by neurons and oligodendrocytes and the cross-talk between them is essential for proper 
circuit function, we are now applying: i) mouse genetics to delete GluN3A from oligodendrocytes using Sox10-
Cre mice; and ii) neuronal activity stimulation by DREADDs in total and Sox10-Cre KO mice to discriminate 
between oligodendrocyte and neuronal contributions to the observed phenotypes. Our working hypothesis 
is that GluN3A coordinates the maturation and consolidation of neural circuits by controlling the on-off switch 
of regulatory pathways that modulate the selection of synaptic connections and ensuing myelination of 
associated axons. 
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A1 adenosine receptor-mediated GirK (G-protein-gated inwardly rectifying potassium) channels conductance 
is constitutively active in dorsal CA1 neurons contributing to the resting membrane potential. Its disruption 
has been linked to the etiology of many diseases that involve neural excitability alterations, such as 
Alzheimer’s disease, suggesting a critical role of GirK channels for cognitive processes that depend on 
hippocampal neuronal activity. 
 
Here, we aimed to explore the role of A1 adenosine receptor-mediated GirK basal activity in the regulation of 
synaptic plasticity processes supporting dorsal hippocampus-dependent cognitive capabilities.  
 
To achieve this aim, we pharmacologically modulated basal GirK channel conductance in the dorsal 
hippocampus by using A1 adenosine receptor modulators or by direct selective manipulation of channel 
activity and we examined its involvement in controlling synaptic plasticity processes at different levels of 
complexity. 
 
First, using mice dorsal hippocampal slice preparations, we examined pharmacological A1 receptor and GirK 
channel activity modulation effect on the induction and maintenance of long-term synaptic plasticity at CA3-
CA1 synapse. Additionally, using an in vivo approach, we performed acute intracerebroventricular injections 
of GirK selective modulators to study their contribution to CA3-CA1 synaptic plasticity and subsequent 
learning and memory functions. 
 
Our data indicates that a G-protein dependent mechanism through A1 adenosine receptor-activated GirK is 
required for long-term synaptic plasticity processes in dorsal hippocampus, as both A1 receptor and GirK 
channel activity modulation modified LTP/LTD induction threshold ex vivo and in vivo, even transforming HFS-
induced LTP into LTD. Also, the disruption of such mechanism leads to hippocampal plasticity-dependent 
learning and memory deficits as shown during the behavioral tasks such as open field habituation. 
 
Together, these results provide evidence that A1 adenosine receptor-mediated GirK basal activity governs 
hippocampal synaptic plasticity direction, which has a significant impact on hippocampal-dependent cognitive 
functions. 
 
Acknowledgements: MINECO-FEDER (BFU2014-56164-P; BFU2017-82494-P), Fundación Tatiana Perez de 
Guzmán el Bueno and Plan Propio UCLM. 
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The retina of the largest adult mammal in the world, the whale, was analysed morphologically by 
immunohistochemistry. The eye of these aquatic mammals have been poorly studied, thus, the aim of this 
study was to examine the different neurons and glial cells in the whale retina using a range of molecular 
markers. 
The eyes of beached whales (n= 2, Balaenoptera physalus and Balaenoptera borealis) were obtained, and 
after dissection and fixation of the retinas, whole-mount preparations and cryostat sections were 
immunostained. The neurons and glial cells in these tissues were analysed using different antibodies to label 
RGCs, photoreceptors, bipolar cells, amacrine cells, microglia, astrocytes and Müller cells. Thioflavin S was 
also used to label misfolded proteins. 
Most of the molecular markers used labelled their specific structures in the whale retinas as in terrestrial 
mammalian retinas. However, whale cones do not express cone markers (M/L and S opsin, and cone arrestin). 
It is important to highlight the large size of whale RGCs and there are a heterogeneity in NFs expression. It is 
also noteworthy that intrinsically photosensitive RGCs labelled with melanopsin form an extraordinary 
network in the whale retina, where these cells are more abundant in the centre, and different subtypes of 
melanopsin positive-cells were identified. Thioflavin S is weakly labelled of some RGCs in a punctuate pattern 
and it could easily represent an early sign of neurodegeneration. In addition, degenerative neuritic beading 
has been observed in RGCs when the retina was analysed after 48 hours postmortem.  
In conclusion, there are some notable differences in the retina of the whales when compared with that of 
terrestrial mammals. Their rod-monochromatic vision due to an evolutionary loss of cone photoreception and 
the well-developed melanopsin-positive RGCs network could in part be responsible for their perception in the 
deep sea. 
Supported by ELKARTEK (KK-2019/00086), MINECO-Retos (PID2019-111139RB-I00) Grupos UPV/EHU 
(GIU2018/50)
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Müller cells are the principal glia of the retina, expressing growth factors, neurotransmitter transporters and 
antioxidant agents with an important role in preventing excitotoxic damage to neurons. Although fish Müller 
cells can be transformed into neurons, this has never been described in mammals. In the present study, whale 
Müller cells were cultured and immortalized, with the aim of analysing the molecular characteristics as well 
as the division rate in vitro of primary and immortalized whale Müller cells.  
The eye of Balaenoptera borealis was obtained, retina was isolated and Müller cells were cultured. Half of the 
cultures were immortalized with simian virus 40 T-antigen. Primary as well as immortalized Müller cultures 
were grown until primary cells reached senescence. Specific Müller molecules, dedifferentiated, neuronal 
precursors and neuronal markers were studied in both primary and immortalized cells. Ultrastructural 
morphology was also studied by scanning electron microscopy (SEM). In addition, the proliferation kinetics 
(time between divisions, percentage of dividing cells and division duration) was analyzed by time-lapse. 
Karyotype characterization was performed in immortalized whale Müller cells. 
Whale Müller cells were immortalized after 10 passages and approximately 2 months of culturing. Müller 
markers were preserved, while expression of dedifferentiation markers was observed after the 5th passage. 
At high passages, neuronal precursor markers were weakly expressed. In addition, immortalized cells were 
stained extensively with neuronal markers. Immortalized Müller immunostaining and SEM revealed 
heterogeneous cell morphologies due to changes in the cytoskeleton. The proliferation kinetics demonstrated 
that primary whale Müller cells divides every 23 h, approximately, while after the immortalization process the 
time between divisions increased to 29 h. 
In conclusion, we have generated a cell line from whale Müller cells that maintains primary Müller 
characteristics but presents a partially dedifferentiated state. In addition, we present a detailed analysis of 
the rate of cell division during the immortalization process. 
Supported by ELKARTEK(KK-2019/00086), MINECO-Retos(PID2019-111139RB-I00) and Grupos 
UPV/EHU(GIU2018/50).
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Aging is a natural process related to the gradual loss of physiological, behavioral, and social functions. 
Understanding the neurobiology underlying age-related impairment is essential given the growing elderly 
population. Among these mechanisms, changes in the structure of neurons and particularly in their dendritic 
spines are thought to be crucial players in age-related cognitive decline. One of the most studied brain 
structures affected by aging is the hippocampus, known to be involved in different essential cognitive 
processes. While the aging-associated quantitative changes in dendritic spines of hippocampal pyramidal cells 
have already been studied, the relationship between aging and the structural dynamics of hippocampal 
interneurons remains relatively unknown. Spines are not a frequent feature in cortical inhibitory neurons, but 
these postsynaptic structures are abundant in a subpopulation of somatostatin expressing interneurons, 
particularly in oriens-lacunosum moleculare (O-LM) cells in the hippocampal CA1. Previous studies from our 
laboratory have shown that the spines of these interneurons are highly plastic and influenced by NMDA 
receptor manipulation. Thus, in the present study, we have investigated the impact of aging on this 
interneuronal subpopulation. The analyses were performed in 3-, 9-, and 16-month-old GIN mice, a strain in 
which somatostatin positive interneurons express GFP. We studied the changes of dendritic spines, en 
passant boutons, and NMDA receptors (GluN1 and GluN2B) using confocal microscopy and image analysis. 
We observed a significant decrease of the dendritic spine density in 9-month-old when compared with the 3-
month-old animals. We also observed a decrease in the expression of the GluN2B subunit, but not of that of 
GluN1, during aging. These results will constitute the basis for more advanced studies of the structure and 
connectivity of interneurons during aging and their contribution to cognitive decline. 
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Activity-driven transcription is essential for the consolidation of memory processes and other long-lasting 
behavioral changes, contributing to the etiology of important neurological disorders such as epilepsy. CREB- 
and AP1-dependent gene expression have been identified as critical transcriptional factors for neuronal 
activity-driven transcription. Furthermore, histone acetylation has been correlated with neuronal 
transcription during memory acquisition and formation. Our laboratory has recently demonstrated the 
involvement of CBP and p300, two histone acetyltransferases and transcriptional co-activators that are known 
to interact with CREB and AP1,  in the maintenance of neuronal identity. However, the functional cooperation 
between transcriptional factors and epigenetic complexes during neuronal activity is not yet defined. To 
investigate this cooperation, we integrated transcriptomic, epigenetic and chromatin structural data from the 
adult mouse hippocampus generated by our laboratory in the context of an experimental model of status 
epilepticus. Our multiomic analysis shows that neuronal activation causes a dramatic, but transient, genomic 
redistribution of CBP and p300, and CBP/p300-dependent H3K27 acetylation. Together our experiments and 
analyses unveil an intriguing competition between neuronal homeostasis and plasticity transcription, that can 
have important implications in neuropathology, and demonstrate a specific role for CBP/p300 in the 
transcriptional changes occurring during neuronal activation. 
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Activity-dependent remodeling of synapses (i.e, synaptic plasticity) is considered the cellular basis of several 
brain physiological processes, including learning and memory. Synapse-to-nucleus signaling plays an 
important role in glutamatergic synaptic plasticity by linking the activation of N-methyl-D-aspartate receptors 
(NMDARs; GluN) and α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptors (AMPARs; GluA) to 
gene transcription. The synaptonuclear factor CREB-regulated transcription coactivator-1 (CRTC1) connects 
glutamate receptor activation to CREB-dependent genetic programs at the nucleus, contributing to neuronal 
development, survival and plasticity. By contrast, CRTC1 deregulation is associated with dendritic pathology 
and cognitive dysfunction in neurodegenerative disorders. The CRTC1-dependent molecular mechanisms 
regulating NMDA-mediated synaptic plasticity in brain physiology and pathology remain poorly understood. 
In this study, we employed biochemical, cellular and electrophysiological techniques and gain and loss of 
function gene expression approaches to elucidate the role of CRTC1 in glutamate receptor modulation in the 
hippocampus. We found that CRTC1 overexpression or silencing have opposite effects on GluN1 expression, 
protein kinase C/A (PKC/PKA)-mediated phosphorylation and synaptic localization without affecting total and 
phosphorylated GluA levels. CRTC1 mediates NMDAR transmission and synaptic potentiation in the 
hippocampus by regulating (PKC)-induced phosphorylation and synaptic recruitment of GluN1. These results 
suggest that besides contributing to expression of neuroplasticity-related genes into the nucleus, CRTC1 may 
play a  local role by regulating NMDAR localization at synapses. 
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Aging is accompanied by functional and structural alterations in the neuromuscular system. The causative 
factors of sarcopenia associated with aging are controversial and poorly understood, hampering the 
development of effective therapeutic interventions.  
 
In the present study, we simultaneously analyzed changes in distinct components of the neuromuscular 
system of young, adult, middle-aged and old C57BL/6J mice, including: motoneurons (MNs), glia, and motor 
nerves. 
 
We found that aging was not accompanied by a significant loss of spinal MNs, although a proportion of them 
in old mice exhibited an abnormally dark appearance. Morphological alterations in motor axons were already 
noticed in adulthood but substantially increased with age. We observed prominent microgliosis and 
astrogliosis around MNs, with significant increased density of pro-inflammatory M1 microglial and A1 
astroglial phenotypes, and reduced proportion neuroprotective M2 microglia and A2 astroglia. Microglial cells 
exhibited an activated state in old mice, as we found a reduction in the length of branching and an increase 
in phagocytic markers inside these cells. Moreover, aged MNs were depleted of cholinergic and glutamatergic 
afferent terminals, the density of V0c interneurons was reduced and dorsal root ganglia cell populations were 
affected in terms of size and number, all of this suggestive of age-associated alterations in MN excitability and 
firing. 
 
Overall, these results provide a global view of age-associated changes in the neuromuscular system of mice. 
Further work is necessary to examine the relevance of gliosis in MN deafferentation occurring with aging and 
the impact of both processes in motor-activity defects found in the elderly. 
 
This work was supported by Abbott Nutrition Research and Development and a grant from the MICIU-FEDER 
(RTI2018-099278-B-I00). 
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To drive motor behavior, the excitation state of motoneurons (MNs) is controlled by different inputs. The C-
bouton is one of the main excitatory synapses on MNs. Alterations in C-boutons appear to play an important 
role in MN pathology, particularly in atrophic lateral sclerosis (ALS) and spinal muscular atrophy (SMA). During 
an immunocytochemical study on the role of c-Jun in MNs with a monoclonal (clone Y172) antibody against 
phospho-c-Jun (serine [Ser]63), we observed an unexpected labeling closely associated to C-boutons.  
 
We further analyzed the Y172 immunostaining in the spinal cord MNs of CD1 mice and mouse models of SMA 
(Smn2B/-) and ALS (SOD1G93A). Additionally, we extended the study to the sciatic nerve.  
 
In adult spinal cord, MNs displayed strong Y172 immunostaining in cytoplasmic structures associated with C-
boutons, but not with other synapse types on MN somata and proximal dendrites. By ultrastructural analysis, 
cytoplasmic Y172 immunostaining was selectively located at the subsurface cistern of C-boutons. The analysis 
of Y172 immunoreactivity in injured MNs after peripheral nerve transection, and in SOD1G93A and Smn2B/- 
mice, revealed a significant depletion of cytoplasmic immunostaining. RNA interference experiments to 
knockdown c-Jun in vitro resulted in no reduction in the density of cytoplasmic Y172-positive profiles. Studies 
in the sciatic nerve revealed that the Y172-immunoreactivity was also present in the cytoplasm of Schwann 
cells ensheathing MN axons.  
 
Overall, we show a novel unidentified molecular component of the C-bouton organization, which expression 
is lost in damaged MNs even before the occurrence of cholinergic deafferentation. Moreover, the presence 
of Y172 in Schwann cells suggests that this protein may play an important role in MN maintenance. Our results 
lay the foundation for further studies aimed at identifying the Y172-related protein and determining its role 
in the context of the development, maintenance, plasticity and pathology the neuromuscular system. 
 
Funding: (MICIU)-FEDER (RTI2018-099278-B-I00); ISCIII, FIS-FEDER (PI17/00231) and Jack Van den Hoek—
Fundació Miquel Valls. AG is supported by a pre-doctoral grant from Banco de Santander and Universitat de 
Lleida.  
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Maternal dietary intake of the polyunsaturated fatty acids omega-3 (Ω3) and omega-6 (Ω6) impacts brain 
function, specifically hippocampal development. Current trends in dietary habits have dangerously reduced 
the intake of Ω3. The hippocampus is involved in memory and it is one of the most plastic regions of the brain. 
Indeed, newborn neurons continuously integrate into the hippocampal dentate gyrus (DG). We postulate that 
deficient-Ω3 diets affect the cellular composition of the DG after the postnatal periods, as its development 
continues through life. Thus, we fed young male and female mice (1.5 months old) with either Ω3 balanced 
or deficient isocaloric diets for ten weeks. As Ω3 and Ω6 are precursors of inflammatory regulators, we 
injected mice six weeks before sacrifice with bacterial lipopolysaccharide (LPS), a well-known inducer of 
inflammation and long-term negative modulator of neurogenesis. Our results revealed an effect of diet on 
adult neurogenesis (number of stem cells and new neurons) and microglia. Surprisingly, new neurons 
significantly decreased in female mice fed with the Ω3-deficient diet but not in male mice. However, LPS did 
not affect neurogenesis or microglia but induced a long-term reduction in astrocytes regardless of the diet. 
Further analysis is required to adequately evaluate the modulatory action of Ω3 dietary balance on the long-
term effects of LPS mediated inflammation. In conclusion, dietary Ω3 deficiency alters the cellular 
composition of the young DG by affecting adult neurogenesis and microglia. Notably, adult neurogenesis is 
especially affected in female mice. Our study points to the relevance of balancing Ω3 dietary intake to 
preserve brain health.  
 
Fundings: Junta de Castilla y León (FEDER, SA0129P20); Spanish Ministry of Science and Innovation (FEDER, 
RTI2018-099267-B-I00); Basque Government (PI_2016_1_0011); Tatiana Foundation (P-048-FTPGB_2018), 
Ikerbasque Foundation, and the University of the Basque Country. 
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The disconnection of motor neurons (MN) from their skeletal muscle targets, as occurs after a peripheral 
nerve section, leads to a rapid recruitment of reactive microglia in the affected regions of the spinal cord. We 
reported that the degeneration of synaptic inputs on axotomized MNs occurs closely associated with 
activated recruited microglia. Synaptic terminals undergo disrupted and fragmented leading to extracellular 
vesicles before they are “ingested” by microglia. These observations are in contrast with the classical concept 
of synaptic stripping in which afferent terminals are detached from the surface of axotomyzed MNs by 
microglia without degeneration signs. 
 
To explore the interactions between recruited microglia and presynaptic terminals on lesioned MN somata 
we have performed electron and confocal microscope analysis of axotomized MNs between 1 - 15 days after 
sciatic nerve transection in mice. 
 
Between 1 and 3 days post-injury, microglial cells surrounding the injured MNs were highly phagocytic 
showing an increased expression of the lysosomal marker CD68. After ultrastructural examination we did not 
observe bulk engulfment of synaptic boutons by microglia. Instead, microglia internalized small membranous-
vesicular fragments originated from the disruption of synaptic terminals. Abundant extracellular vesicles in 
the perineuronal space after axotomy were seen together with the expression of the necroptosis effector 
protein p-MLKL, and later, with the appearance of exosomal markers. Moreover, activated microglia and 
synaptic boutons displayed C1q immunoreactivity, suggesting a  contribution of the complement to the 
microglial-mediated synaptic elimination.  
 
Overall, our data reveals new mechanisms by which afferent synapses are removed from acutely injured MNs. 
Microglia is actively involved in eliminating fragments of damaged presynaptic terminals. Furthermore, our 
data is relevant in the context of neuroinflammation and MN disease as well as for understanding the 
functional recovery after peripheral nerve injury. 
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A correct regulation of the nuclear factor-kappa B (NF-κB) transcription factor is critical for synaptic processes, 
neurotransmission and neuroprotection. Recently, deubiquitinase A20, a well known negative regulator of 
NF-κB in immune system, has been involved in synaptic functions. In primary hippocampal neurons, A20 
negatively regulates dendritic spine density in an NF-κB activation-dependent manner; however the 
molecular mechanism requires further clarification. 
A20 belongs to a family of deubiquitinating cysteine proteases named ovarian tumor (OTU) family which 
contains other A20-like proteins such as OTUD7A (Cezanne2) and OTUD7B (Cezanne). Primary cortical 
neurons from Cezanne2-null mice show decreased total spine density and activity compared to wild-type 
neurons, showing an opposite function of what described for A20. However, little is known about the 
molecular pathways and partners associated to Cezanne2 in neurons.  
Our group has previously shown that the neuronal form of Fas Apoptotic Inhibitory Molecule (FAIM-L) 
participates in non-apoptotic functions of caspases such as axonal degeneration and synaptic plasticity. By 
stabilizing XIAP, FAIM-L regulates AMPAR internalization after NMDA-induced LTD and regulates axonal 
pruning after NGF deprivation. 
Since FAIM-L, A20 and Cezanne2 participate in synaptic remodelation and plasticity, we first studied whether 
they are able to interact. We observed that A20 interacts specifically with neuronal isoform, FAIM-L, and not 
with ubiquitously isoform, FAIM-S, under overexpression conditions. In addition, preliminary results reveal 
that FAIM-L could regulate the stability of A20 either directly or indirectly. Furthermore, we are studying 
whether the other A20-like proteins, in particular Cezanne2 could also specifically interact with the neuronal 
form of FAIM. 
Given all this, we hypothesize that FAIM-L interaction with A20 or Cezanne2 could modulate their role in 
synapses. Therefore, examining the implications of these interactions in physiological and pathological 
conditions, such as neuroinflammation and neurodegeneration, will provide crucial information for better 
understanding the molecular mechanisms of dementia. 
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Lysophosphatidic acid receptor 1 (LPA1) is a G-protein coupled receptor involved in cell proliferation, survival 
differentiation and other biological processes. In the adult rodent brain, LPA1 specifically labels hippocampal 
neural stem cells (NSCs) which generate newborn neurons throughout postnatal and adult life in most 
mammals. 
 
Interestingly, LPA1 also labels Reactive-NSCs (React-NSCs). The reactive glia-like counterparts of NSCs induced 
by seizures and that abandon neurogenesis to transform into reactive astrocytes and contribute to gliosis. 
 
Further, using a transgenic mouse line in which the enhanced green fluorescent protein is expresses under 
the regulatory elements of LPA1 (LPA1-GFP) we have stablished that React-NSCs lose LPA1 expression several 
weeks after seizures, as they differentiate into reactive astrocytes. In parallel, neurons of the granule cell layer 
start to express LPA1 gradually in the epileptic brain and maintain its expression in the long term. 
 
Using confocal microscopy imaging of control and epileptic LPA1-GFP mice we are currently evaluating 
whether LPA1 expression promotes the survival of neurons in granule cell layer. In addition, we are using 
hippocampal NSC-derived neuronal cultures to activate or inhibit LPA1 inducing cell death to better asses it 
potential role in neuroprotection. 
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Primary cilia are microtubule-based organelles present in the plasma membrane of most cell types, including 
mature astrocytes and neurons. The primary cilium has emerged as a major signalling hub in the cell; however, 
little is known about the role of this organelle in the mature brain. Data from our lab show that neuronal cilia 
is required for soluble amyloid beta oligomer signalling and modulation of autophagy, and that these events 
are modulated by physiological aging.  
Here, we hypothesize that similarly to neuronal cilia, astrocytic primary cilium senses and transduces 
extracellular signals and that it reacts to changes in neuronal cilium. We also hypothesize that aging might 
alter cilia-related events in old astrocytes. To test our hypothesis, we have studied how the loss of primary 
cilia in neurons induces changes in astrocytes, astrocytic primary cilia, and cilia-related autophagy. For that, 
we have studied by IHC astrocyte reactivity and morphology in young and old IFT88::SLICK-H mice, a mouse 
model where cilia is lost in mature Thy1+ neurons. In these mice, we have also characterized astrocyte cilia 
presence and their morphology, as well as changes in the major autophagy markers. Moreover, we have 
deleted primary cilia in human astrocytes as well as in human neurons and established an in vitro model of 
astrocyte-neuron co-culture, with the aim to study the dynamics of astrocyte and neuronal cilia changes 
between these two cell types. Overall, we aim to understand the role of mature astrocytic primary cilia in the 
brain, as well as its interplay with neurons and their possible changes during aging. 
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Mutations in the DNAJC5 gene, that encodes the synaptic vesicle protein Cysteine String Protein alpha (CSPα) 
cause adult-onset autosomal dominant neuronal ceroid lipofuscinosis (CLN4) (Noskova et al, 2011), a 
devastating neurodegenerative disease affecting young adults. In humans, two-point mutations (Leu115Arg 
and Leu166Del) independently cause CLN4 by unknown mechanisms. In order to investigate the disease 
mechanisms in vivo, and since the disorder is autosomal-dominant, we have used a pronuclear injection 
approach to generate mouse lines overexpressing CSPα variants under control of the neuronal specific Thy1 
promoter. We have generated three independent lines that express GFP-fusion proteins of three different 
versions of CSPα/DNAJC5: WT, Leu115Arg and Leu166Del. The mice are viable and do not show any obvious 
morbidity or mortality increase.  Transgenes are well expressed all over the hippocampus, however, the WT 
version in particular is strongly expressed at mossy fibers in contrast to the mutant versions. The existence of 
autofluorescent punctate structures that are labelled with antibodies against ATP synthase subunit C in 
Leu115Arg, but also in Leu166Del transgenics, suggest an increase of lipofuscinosis in the mutants. 
Immunohistochemical analysis with markers of granulovacuolar degeneration bodies, excluded the 
involvement of this neurodegenerative lysosomal pathology. Next, we used transmission electron microscopy 
(TEM) to find at pyramidal neurons of the CA3 region structures similar to granular osmiophilic deposits 
(GRODs) previously described in NCL4 patients. The GROD-like structures were present only in the mutants 
but not in the negative controls or the transgenics overexpressing the WT version. Furthermore, we could not 
detect GROD-like structures or other signs of increased lipofuscinosis in conventional or conditional knock-
out mice lacking CSPα/DNAJC5.  We concluded that CSPα/DNAJC5 mutant versions might cause lipofuscinosis 
by preferentially hijacking key proteins that could include, but not only, endogenous CSPα/DNAJC5. We 
expect our novel mouse models will help to identify those proteins.  
Support: MICINN (BFU2016-76050-P, MICIU (FPU18/01700), PID2019-105530GB-I00), Andalusian CTEICU 
(P18-FR-2144),  ISCIII (CIBERNED) and FEDER. Thanks to A. Arroyo and M.C. Rivero for previous technical 
assistance with genotyping 
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Cysteine String Protein (CSPα/DNAJC5) is a synaptic co-chaperone that prevents activity-dependent 
degeneration of synapses. CSPα/DNAJC5 knock-out mice suffer from a neurological phenotype and early 
postnatal lethality soon after the first month of age. CSPα/DNAJC5 is critical to maintain the levels of the 
SNARE protein SNAP25, especially in highly active synapses. Indeed, the decrease in SNAP25 levels is thought 
to be a key event leading to presynaptic neurodegeneration. We are interested in studying the synaptic 
effects of removing CSPα/DNAJC5 from adult glutamatergic neurons that operate at a low activity regime. 
Based on a mouse line bearing a Dnajc5 floxed allele (Nieto Gonzalez et al., Proc. Natl. Acad Sci. USA, 2019) 
we have used the CamKIIαCreERT2 mice (Erdmann et al. BMC Neurosci. 2007) to conditionally target Dnajc5 
in adult hippocampal glutamatergic neurons (CaMKCreERT2:Ai27D:Dnajc5flox mice). This line also expresses 
channelrhodopsin2 fused to the fluorescent reporter td-tomato (Ai27D) in targeted neurons. CSPα/DNAJC5 
conditional knock-out mice survive and do not develop an evident neurological phenotype. We have analyzed 
synaptic transmission in two hippocampal synapses: (1) synapses formed by mossy fibers at CA3 pyramidal 
neurons (mf-CA3 synapse) and (2) synapses formed by Schaffer collaterals at CA1 pyramidal neurons (sc-CA1 
synapse). Interestingly, those synapses show different phenotypes in the absence of CSPα/DNAJC5. We are 
investigating the molecular mechanisms of such a phenotype to understand why those apparently similar 
synapses have different requirement of CSPα/DNAJC5 and how those differences might be related to SNAP25. 
 
We are grateful to Prof. Angel Barco (INA) and Prof. G. Schütz (DKFZ) for kindly providing CaMKCreERT2 mice. 
Supported by: MINEICO (BFU2016-76050-P, BES-2017-082324, PID2019-105530GB-I00), ISCIII (CIBERNED) 
and FEDER. 
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Neurons and synapses operate during decades to sustain brain function throughout life. Synaptic proteins 
last only for several days or weeks. The mechanisms by which synaptic proteins are maintained are not well 
understood yet. We are interested in the mechanisms of action of a trimeric chaperone complex 
(CSPα/DNAJC5-SGTA-HSC70) involved in that process and to identify key client proteins. Conventional 
knockout mice lacking CSPα/DNAJC5 develop presynaptic degeneration and die soon after birth, making 
extremely difficult studies in adulthood. We have bred mice bearing the Dnajc5 floxed allele (Nieto Gonzalez 
et al. Proc. Natl. Acad. Sci. USA. 2019) against UBC-Cre-ERT2 mice (Ruzankina et al. Cell Stem Cell. 2007) to 
target Dnajc5 ubiquitously in a time-controlled manner. CSPα/DNAJC5 is almost undetected in hippocampal 
cultures of UBC‐Cre‐ERT2:Dnajc5flox/flox mice after 13 days in tamoxifen. Next, to investigate the function of 
CSPα/DNAJC5 in adulthood we fed 2 months old UBC‐Cre‐ERT2:Dnajc5flox/flox mice with tamoxifen during 
15 days. Two weeks after ending tamoxifen administration, mice exhibited weight loss and a neurological 
phenotype characterized by loss of spontaneous activity, strength and motor coordination. This lead, two 
weeks later, to early death. We focused on hippocampus to detect, as expected, a general decay in the levels 
of CSPα/DNAJC5 transcript (RNAscope) and protein (western-blot). However, using immunofluorescence, we 
detected that the level of decay of CSPα/DNAJC5 was not the same in different hippocampal synaptic layers. 
This suggests that CSPα/DNAJC5 lifetime is not only determined by its amino acid sequence but also by 
environmental influences such as the specific neuronal type and/or the network activity. This novel mouse 
model will be used to investigate changes in protein stability related to neurodegeneration. 
 
Support: MICINN (BFU2016-76050-P, FPU18/01700, PID2019-105530GB-I00), Andalusian CTEICU (P18-FR-
2144), ISCIII (CIBERNED) and FEDER. Thanks to M.C. Rivero for technical assistance and to Dr. Eric Brown (Univ 
of Penn) for sharing UBC-Cre-ERT2 mice.   
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The nucleus Accumbens (NAc) is a key region of the reward system implicated in motivation, drug addiction 
and numerous neurological and psychiatric disorders. A remarkable feature of this nucleus is the integration 
of motor and limbic information from glutamatergic inputs. Due to the relevance of this communication, it is 
crucial the maintenance of glutamate homeostasis, which is altered by addictive drugs. Moreover, there is 
solid evidence that the modulation of synaptic transmission is mediated by activation of cannabinoid 
receptors type I (CB1Rs) in astrocytes, suggesting that astrocytic CB1Rs are involved in glutamate homeostasis 
and modulate long-distance communication between neuronal populations. However, the functional role of 
astrocytes in alterations derived from chronic drug exposure is not fully understood. 
 
In this study, we have analyzed the role astrocytes play in alterations produced by tetrahydrocannabinol 
(THC), the psychoactive constituent of marijuana. For that purpose, we have removed specifically the protein 
p38αMAPK, which mediates exocytic release of glutamate, from NAc astrocytes (Navarrete et al., 2019). First, 
using fiber photometry in vivo we analyzed glutamate dynamics and astrocytic activity in NAc after 1mg/kg 
THC chronic administration in wildtype (wt) and p38αMAPK-/- (Astrop38α) mice. Then, we performed 
behavioral tests to assess whether THC had reinforcing properties or affected learning and memory. 
Furthermore, using a chemogenetic approach (DREADDs) we activated NAc astrocytes to analyze the 
behavioral implications. And finally, we performed electrophysiology experiments to analyze synaptic 
plasticity. We observed: 1)THC administration increases astrocytic calcium activity in wt and Astrop38α; 2)THC 
administration induces glutamate release in NAc in wt, which is not present in Astrop38α; 3)Astrocyte 
signaling mediated by CB1R induces NMDAR-LTD at NAc; 4)NAc astrocytes are involved in learning; and 
5)Removal of p38αMAPK in NAc astrocytes restores the cognitive impairment derived from THC treatment. 
Altogether, our results reveal astrocytes as critical elements for the maintenance of glutamate signaling, with 
a significant role in drug-consumption related alterations. 
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Itch is a widespread symptom associated with a diverse array of diseases. Despite its prevalence in the world 
population, our understanding of the development, maturation and mechanisms associated with itch neural 
circuits is lacking behind that of other somatosensory modalities. We have previously characterized the 
importance of spinal Ptf1a-derived inhibitory neurons in controlling the entry of innocuous mechanosensory 
information into the spinal cord dorsal horns. Loss of Ptf1a-derived adult neurons leads to the development 
of an intense chronic itch phenotype and increased hairy skin sensitivity. Here, we study the consequences of 
ablating Ptf1a-derived neurons both in early embryonic development, well before somatosensory input 
becomes active, and in newborns, when somatosensory circuits are being refined with the arrival of extrinsic 
stimuli. Our results show that postnatal loss of Ptf1a-derived neurons cannot be compensated, even as early 
as postnatal day 0, resulting in the development of chronic itch. However, elimination of these neurons during 
embryonic development leads to apparently normal itch sensation. The potential mechanisms explaining 
these observations point to the possible existence of a critical period for the establishment of functional itch 
circuits in the spinal cord. Moreover, these results suggest that loss of specific populations of inhibitory 
neurons in the dorsal horns activates endogenous compensatory mechanisms that yields a functionally 
normal mature spinal itch circuit. 
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Classical eyeblink conditioning is one of the experimental models more widely used for the study of the 
neuronal mechanisms underlying the acquisition of new motor and cognitive skills in behaving animals. 
Currently, certain studies are pointing out the motor cortex as the putative structure responsible of this type 
of learning, although other studies give this main role to the cerebellum. Other brain areas might be involved 
too. In order to determine the specific contribution of the motor cortex to the generation of learned 
movements, we studied the temporal correlation between unitary activities of identified eyelid and vibrissae 
motor cortex neurons, and the electromyographic activity of the orbicularis oculi and vibrissae muscles and 
magnetically recorded eyelid movements, during classical conditioning of eyelid and vibrissae responses, 
using both delay and trace conditioning paradigms, in behaving mice. Mice were prepared for classical 
eyeblink and vibrissae conditioning and for recording of the unitary activity of motor cortex neurons. Chronic 
electrodes for stimulation and recording were implanted in the eyelid and vibrissae muscles, and a craniotomy 
was carried out in the cerebellar skull. Eyelid movements were recorded with the help of a magnet fixed to 
it. Neurons were identified by their antidromic activation from the ipsilateral red nucleus or the contralateral 
facial nucleus. We also studied the involvement of motor cortex neurons in reflexively evoked eyelid 
responses and the kinematics and oscillatory properties of eyelid movements evoked by motor cortex micro-
stimulations. Results show the involvement  of the motor cortex in the performance of conditioned responses 
elicited during the classical conditioning task. However, a timing correlation analysis showed that both 
electromyographic activities (from orbicularis oculi and vibrissae muscles) preceded the firing of motor cortex 
neurons, which must therefore be related more with the reinforcement and/or proper performance of the 
conditioned responses than with their acquisition and storage.
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Background: The cuneiform nucleus (CnF) is a mesencephalic area that has been involved in sympathetic 
activity due its connectivity with several nuclei involved in cardiorespiratory control, e.g. dorsolateral 
periaqueductal gray matter (dlPAG), the parabrachial/Kölliker-Fuse complex (PBc/KF), the solitary tract 
nucleus (NTS) and the rostral ventrolateral medulla (RVLM). In previous studies we have demonstrated a 
functional interaction between hypothalamic and mesencephalic structures (DMH-PeF, dlPAG) with several 
pontine regions (PBc, A5) (Díaz-Casares et al., 2009, López-González et al., 2020). We have also shown that 
rostral and ventral pontine structures are involved in the changes of laryngeal caliber (Lara et al., 2002). The 
aim of this study was to characterise the relationship between mesencephalic-pontine neuronal circuits to 
understand their role in laryngeal control and its effect on vocalization.  
 
Methods: Experimental studies were carried out with non-inbred male rats (n=7), [SPF, Sprague-Dawley (300-
350 g)]. Animals were anesthetized with sodium pentobarbitone (60 mg/kg i.p., initial dose, supplemented 2 
mg/ kg, i.v., as necessary). A double tracheal cannulation (upwards for the “glottis isolated in situ” technique, 
and downwards in the direction of the carina) was done. Subglottic pressure was recorded with a precision 
differential pressure transducer (ADInstrument model FE141, ± 0,03 psi) by passing a stream of humidified 
medical air upwards through the larynx at a constant rate of 30-70 ml/min with a thermal mass digital air flow 
meter controller (Bronkhorst Hi-Tec F-201CV-AGD-22-V). Electrical stimulation of the CnF using concentric 
bipolar electrodes (1 ms pulses, 20-40 µA, 100 Hz for 5 s) was performed. Respiratory flow, pleural pressure, 
blood pressure, heart rate and ECG activity were also recorded.  
 
Results: CnF stimulation evoked a decrease of laryngeal resistance (subglottal pressure) (p<0,01) 
accompanied with an inspiratory facilitatory response consisted of an increase in respiratory rate (p<0,01), 
together with a pressor (p<0,001) and a tachycardic response (p<0,01). 
 
Conclusions: The results of our study contribute with new data on the role of the CnF in the mechanisms 
controlling subglottic pressure and laryngeal activity.  



 

PS4-34 
Noradrenaline innervation and Alpha adrenoceptors in the human and 
macaque higher-order thalamic nuclei. 
Ms. Isabel Pérez-Santos1, Dr. Nicola Palomero-Gallagher2,3,4, Dr. Karl Zilles2,4,5, Dr.  Carmen Cavada1 

1Facultad De Medicina, Universidad Autónoma De Madrid, Madrid, Spain, 2Institute of Neuroscience and Medicine (INM-
1), Research Centre Jülich, Jülich, Germany, 3Medical Faculty, RWTH Aachen University, Aachen, Germany, 4C. & O. Vogt 
Institute for Brain Research, Heinrich-Heine-University, Düsseldorf, Germany, 5JARA-BRAIN, Jülich-Aachen Research 
Alliance, Jülich, Germany 
 

Noradrenaline (NA) modulates processes like sensorimotor gating and prepulse inhibition through higher 
order (HO) thalamic nuclei. Besides, the macaque HO nuclei are within the most densely innervated by NA 
and within those displaying the highest Alpha adrenoceptor concentrations. The purpose of this study is to 
compare the patterns of NA innervation and adrenoceptors in the macaque and human HO thalamic nuclei. 
 
Human brain sections containing the thalamus were immunostained against the NA transporter to reveal the 
NA axons. Quantitative autoradiography was performed to reveal the adrenoceptors: the ligands [3H]-
Prazosin (Alpha-1 receptors), [3H]-RX-821002 (whole Alpha-2 adrenoceptor population), and [3H]-UK-14,304 
(high-affinity state Alpha-2 adrenoceptor) were used. The distributions of axons and receptors were 
compared to similar data from macaques, previously published. 
 
The human mediodorsal nucleus (MD) showed moderate NA innervation, with the highest densities in the 
medial and ventral regions of the nucleus. Within the human pulvinar complex, the nucleus with the highest 
NA innervation was the oral pulvinar (Pul O); the medial pulvinar (Pul M) displayed moderate densities of NA 
axons, and the lateral and inferior pulvinar (Pul L, Pul I) presented low NA axon densities. The highest densities 
of Alpha-1 receptors were present in the dorsal and medial regions of MD, and in the medial regions of Pul 
M. The highest Alpha-2 receptor concentrations were present in Pul I. Pul O showed high Alpha-2 receptor 
revealed by [3H]-RX-821002 but rather low revealed by [3H]-UK-14,304 pointing to a low proportion of high-
affinity Aplha-2 receptors in this nucleus.  
 
The distributions of NA axons and Alpha adrenoceptors in the human HO nuclei are highly comparable to 
those in macaques. The main differences were in the Alpha-1 receptor concentrations, which were higher in 
macaques than in humans, and in the high-affinity Alpha-2 receptor concentrations in the PulO, which were 
also higher in macaques. 
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Animals integrate auditory and somatosensory stimuli because the perception of sounds depends not only 
on their position relative to the sound source, but also on the posture of the head and ears. This integration 
first occurs in the dorsal cochlear nucleus (DCoN). Key to the integration of different sensory modalities is the 
laminar structure of the DCoN, very similar to that of the cerebellar cortex. In the cerebellum, afferent 
information reaches mainly the deep layers and is subsequently transmitted to the superficial layers. 
However, the DCoN receives a presumably auditory afferent that, unlike what happens in the cerebellum, 
does not reach the deep layers: the projection from the ventral nucleus of the trapezoid body (VNTB).  
 
Our goal was to carry out the first detailed morphological investigation of the projection from the VNTB to 
the DCoN of the rat. Using albino rats, we have performed two types of experiments. First, to analyze the 
distribution and morphology of the axons that innervate the DCoN, we injected the bidirectional tracer 
biotinylated dextran amine (BDA) into VNTB. Second, to characterize the neurons that give rise to this 
projection, we injected BDA into DCoN. 
 
The VNTB-to-DCoN projection is very predominantly contralateral. VNTB axons form an amazingly dense 
terminal plexus restricted to the molecular layer and very rich in synaptic boutons. In this plexus, bands of 
higher density perpendicular to the pial surface alternate with bands of lower density. This projection is 
tonotopic. 
 
VNTB neurons that innervate the DCoN possess medium-size multipolar cell bodies, occupy the central 
dorsoventral third of the nucleus and are distributed along the entire rostrocaudal length of the VNTB. They 
seem to belong to a hitherto unidentified neuron type. 
 
These features suggest that the projection from the VNTB exerts an unknown, strong influence on the 
function of the DCoN.  
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Excessive beta oscillations (13-35 Hz) in the basal ganglia are considered a hallmark of Parkinson’s disease 
(PD). The intermittent dynamic of pathological beta oscillations has been recently characterized in terms of 
beta bursts, expanding the unitary perspective of beta power in the frequency domain to a dualistic view of 
burst amplitude and duration in the time domain. However, the possibility that at rest beta burst amplitude 
and duration may simply reflect the stochastic fluctuation of a noisy beta oscillator, defined by the power 
spectrum, has not been fully tested. To formally address this issue, here we recorded local field potentials 
(LFPs) from the subthalamic nucleus (STN) of PD patients at rest OFF and ON medication. We modeled these 
LFPs as noisy oscillatory processes with two signal modeling methodologies based on the power spectrum, 
using autoregressive methods and the autocorrelation function. We found that the dynamics of beta bursts 
– i.e. their average amplitude and duration – did not differ between recorded and simulated beta oscillations. 
Furthermore, beta burst amplitude correlated with the power of the beta peak in the power spectrum, 
whereas beta burst duration correlated with the sharpness of the beta peak. We thus clarified that beta burst 
dynamics in the time domain have a direct correspondence in the frequency domain. Overall, our results 
suggest that the shape of the power spectrum largely determines the dynamics of beta bursts.
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Calcium-binding proteins such as calbindin, calretinin or parvalbumin are essential for the correct functioning 
of the brain. Their distribution has been widely studied in the central nervous system, mainly for 
neuroanatomical purposes since they provide a “Golgi-like” staining with noteworthy details of neurites. 
Secretagogin is another calcium-binding protein that also provides a high-quality immunostaining of specific 
neuronal populations, but whose distribution throughout the brain is poorly known. 
 
Here, we analysed the expression of secretagogin in the brain of adult mice by immunohistochemistry, 
identifying positive cell populations in different areas and nuclei according to Paxinos mouse brain atlas. 
Combined immunofluorescence was used for studying colocalization between secretagogin and other 
common calcium-binding proteins. 
 
We observed many secretagogin-positive cells throughout the brain. The staining was remarkable in some 
areas of the olfactory bulb, basal ganglia, thalamus and hypothalamus. Surprisingly, no labelling was detected 
in cerebellum, where other calcium-binding proteins are widely distributed. Secretagogin-positive cell 
populations were very heterogeneous, concerning both size and distribution: in some nuclei positive cells 
occupied all the analysed area, but in others few disperse positive cells were observed. Interestingly, in some 
cases such distribution did not fit with the nuclei traditionally described, suggesting either neurochemical 
subdivisions for partial-labelled regions or shared functions for adjacent nuclei. Regarding colocalization, 
results were also very variable. Depending on the region, secretagogin colocalized with either calbindin, 
calretinin or parvalbumin, but in other areas, even with high neuronal density, no colabelling was identified 
and they were independent populations. 
 
We conclude that secretagogin is present in many different neuron populations in the mouse brain. The 
function of these cells seems to be heterogeneous, and this protein is expressed either independently or in 
combination with other calcium-binding proteins. Secretagogin can be a useful neuronal marker in different 
brain areas for specific populations and its knowledge advances the complex regulatory mechanisms of 
calcium levels in the central nervous system. 
 
Support: MICINN, JCyL, USAL 
 
E-mail: pabgonses@usal.es, jralonso@usal.es 
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The role of the hippocampal formation in memory recognition has been well studied in animals, with different 
pathways and structures associated to specific memory processes. However, due to the limited accessible 
information, the hippocampus is commonly analyzed as a unique responsive area in humans. Combining 
intracerebral electroencephalogram recordings in epileptic patients and blind source separation (BSS) 
methods, we identified several components emerging from the hippocampus, likely reflecting the activity of 
different substructures as CA1 or the dentate gyrus. In a memory task involving the recognition of old and 
new images, we found one hippocampal component with fast responses to the stimuli that could not be 
directly identified from raw recordings. This component was locally generated in the hippocampus and was 
different from the responses in other structures, including the entorhinal cortex. These results suggest that 
the hippocampus may have a fast memory recognition system that can be retrieved thanks to the use of BSS 
methods. This challenges previous studies pointing the entorhinal cortex as the first area involved in memory 
recognition, with similar delays to the novel hippocampal early response. We hypothesize that both regions 
are elements of the same recognition system and they would be virtually coactivated via the hippocampal-
entorhinal loop, with time differences in the order of the synaptic delays between both structures. 
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The somatosensory cortex is arranged in six layers characterized by different cellular populations and 
input/output connections. The laminar organization represent a key evolutionary feature that serve to 
transfer the spontaneous cortical activity vertically across layers from the same column and horizontally 
among different cortical areas. In this context, a spinal cord injury (SCI) produces a massive sensory 
deprivation of the somatosensory cortex that strongly affects the cortical activity in the long-term. However, 
whether spontaneous neuronal activity is equally affected across deprived cortical layers in time is less 
understood. Therefore, the main aim of this work is to identify physiological features of spontaneous neuronal 
activity localized in each cortical layer at different time points from acute to chronic stage of sensory 
deprivation (SCI). Experiments were performed in adult rats under control conditions and after SCI or sham 
lesion. To measure neuronal activity, we used electrophysiological recordings of local field potentials 
simultaneously obtained from all cortical layers by using a vertical array of 32 electrodes (50 m spaced). Data 
were obtained weekly after SCI to elucidate the temporal windows of cortical physiological changes. The 
spontaneous activity from each cortical layer were analysed by using a Fast Fourier Transform analysis to 
identify the power of frequency bands of interest: slow-wave (<1Hz), Delta (1-4Hz), Beta (12-25Hz) and 
Gamma (25-80Hz). Results show that physiological changes take place only in the SCI group during the 3rd 
and 4th weeks after SCI, while control group remain unchanged. Specifically, Delta activity was reduced in 
layers IV and V, while Beta and Gamma activity were increased in the infragranular layers V and VI. We 
conclude that a chronic sensory deprivation after SCI affects the cortical rhythms differently across layers and 
in a time-dependent manner. Changes in spontaneous activity could indicate alterations of neuronal network 
excitability, which could be part of the cortical reorganization phenomenon.
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Decisions are an essential part of life and almost all decisions involve some comparison between different 
options. Previous work from our group relates the mechanism for Weber's Law - accuracy of the 
discrimination between the intensity of two sensory stimuli depends only on their ratio -  with a new 
mathematical regularity, the Time Intensity Equivalence in Discrimination (TIED) - changes in the absolute 
intensity of two stimuli being discriminated under a fixed intensity-ratio are completely equivalent to a change 
in the effective unit of time with which the discrimination duration is measured.  
The TIED is incredibly restrictive and has allowed us to list a set of three computations required for the 
Weber's Law to be present: sensory relay, evidence accumulation and representation of the decision bound. 
We aim to identify the different brain regions responsible for these computations through testing of different 
candidate areas. We have predicted how perturbations to each of these computations would affect the 
behaviour through changes in accuracy and reaction time. 
The focus of this project is on testing the involvement of the ACx as the sensory relay. Lesion studies based 
on the injection of an excitotoxic agent which led to a permanent lesion of ACx show how behavioural outputs 
do not seem to be affected by the ablation of ACx.  
Permanent lesions allow for compensatory mechanisms to arise and do not allow a trial by trial manipulation 
of the decision, so we also show the results of optogenetic silencing of the ACx. We show that by using the 
stGtACR2 opsin we manage to achieve effective and robust silencing of the ACx while shining blue light onto 
the cortex during acute recordings. After this we developed a novel way to chronically implant LEDs in the 
skull of the animal in order to allow for optogenetic silencing of the whole ACx in behaving, freely moving 
rats. We also present preliminary data on how this perturbations affect the animals' decisions. 
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To avoid catastrophic accumulation of information during learning the brain needs to forget to retain only 
what is subjectivity relevant to each individual. Interference-based forgetting occurs when new information 
acquired before or after a learning event attenuates memory strength. In our daily life we are continuously 
exposed to new associations, each with its own value and volatility, which limits the interpretation of results 
obtained in lab conditions using only few associations. For this reason, we developed a novel task that allows 
us to observe the effect of memory interference in more ethological conditions. 
 
We utilized our high-throughput behavioral task where animals learn the location of the reward among 8 
possible positions, that randomly changes across days. We test the memory recall of the location of the 
reward position 2 hrs after the training session and we observe how memories from previous sessions (i.e. 
days) interfere with this recently learned memory. To manipulate the interference between previously 
learned memories, we infused human N-Methyl-D-aspartic (NMDA) receptor and Leucine-rich glioma-
inactivated 1 (LGI1) antibodies into animals’ brain ventricles to mimic a partially anterograde amnesic state. 
 
We confirmed that continuous learning of new associations decreases the strength of recent memories due 
to the interference with previous ones. We showed for the first time the effect of interference from all 
previous memories up to 3 days in the past. We also found that antibodies mediated amnesia is capable of 
reducing interference significantly (p<0.01) enhancing recent memories at the cost of considerably reducing 
(~40%) the strength of old ones. Our findings support the theory of retroactive interference as the mechanism 
to eliminate memories from associations with high volatility. 
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To avoid predation, animals must choose from an array of defensive actions that are instinctive, yet adaptable 
to the environment. In mice, excitatory (VGluT2+) neurons in the dorsal periaqueductal gray (dPAG) compute 
the decision to escape from imminent threats by integrating synaptic input from the medial superior 
colliculus. Here, we show that inhibitory (VGAT+) dPAG neurons are an integral part of the escape initiation 
circuit, imposing a local inhibitory tone that determines the threshold for escape initiation. 
 
We first characterised the intrinsic firing properties of dPAG neurons using loose-seal cell-attached recordings 
in acute midbrain slices of transgenic mice. We found that, even in the absence of synaptic inputs, VGAT+ 
neurons in the PAG fire action potentials spontaneously, whereas VGluT2+ neurons do not. Next, we 
combined whole-cell patch-clamp recordings with optogenetic and chemogenetic manipulations and found 
that VGAT+ neurons provide synaptic input onto neighbouring excitatory cells and exert local phasic inhibition 
on the dPAG network. Optogenetic inactivation of VGAT+ dPAG neurons in freely behaving mice increased 
the probability of initiating escape from innately aversive stimuli. Conversely, optogenetic activation of the 
same neurons during threat presentation inhibited escape initiation. To further understand the biophysical 
basis of local inhibition in the dPAG and its modulation, we performed single-cell RNA-sequencing on VGAT+ 
and VGluT2+ neurons individually isolated from acute midbrain slices. Differential expression analysis of these 
data identified candidate ion channel subunit and neuromodulator genes for setting and regulating key 
biophysical properties of PAG neurons. 
 
This work shows that both the activity of excitatory dPAG neurons and the initiation of instinctive escape are 
controlled by a local GABAergic network, and provides a framework for studying how molecularly defined 
biophysical properties might underpin behavioural control by the PAG. 



 

PS4-43 
Functional analysis of cholinergic neuromodulation of chandelier cells from 
single-cell to circuit 
Mr. Emilio Martínez-Márquez1, Mr.  Santiago Reyes-León1, Mrs. Guadalupe Asensio-Gómez1, Dr. José Luis 
Nieto-González1, Dr. Pablo García-Junco-Clemente1 

1Instituto de Biomedicina de Sevilla (IBiS)/HUVR/CSIC/Universidad de Sevilla, Sevilla, Spain 
 

Synaptic inhibition is responsible for orchestrating spontaneous and evoked activity in the neocortex. 
Chandelier cells (ChCs) are a subclass of GABAergic cortical interneurons that innervates the axon initial 
segment (AIS) of pyramidal neurons, controlling the cell firing output. Mostly localized at the boundary of 
layers 1 and 2 (L1-L2) in prefrontal cortex, they present an asymmetric distribution of dendrites, which are 
mostly oriented towards L1, which suggests that ChCs may receive input from other cortical areas and deep 
nuclei, such as basal forebrain, which projects the strongest cholinergic innervation to L1, implying a plausible 
role for ChCs as circuit switches. Our interest lies in studying the role of ChCs in the control of cortical network 
activity, with a special focus in the presumable cholinergic modulation of these cells. To identify the 
population of cortical ChCs, we used a mouse model expressing td-Tomato under control of precise Cre- and 
Flp- dependent promoters (Tasic et al., Nature 2018). Using immunohistochemical and electrophysiological 
techniques, we have described the existence of cholinergic neuromodulation through specific nicotinic 
receptors and the intrinsic electrophysiological properties of ChCs. To clarify the role of ChCs in the regulation 
of the prefrontal cortical circuitry, we performed in vivo 2-photon imaging experiments in awake animals 
using GECIs, showing that ChCs are active during arousal, and we used DREADDs to modulate their activity to 
uncover its inhibitory role in the control of the excitatory network. Our results demonstrate that prefrontal 
ChCs are a subpopulation of fast-spiking parvalbumin interneurons modulated by cholinergic inputs activated 
during arousal states in awake mice, with a prominent role in the control of the pyramidal neurons. 
 
We are grateful to C. Cabrera Romero for excellent technical assistance. Supported by: RyC-2016-19906, 
PRE2019-087729 (MCI/AEI/FSE, UE), VI PPIT-US and PGC2018-095656-B-I00 (MCI/AEI/FEDER, UE). 
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Accumulation of evidence (AE) and predictive coding (PC), two major frameworks for understanding 
perception, offer contrasting views on how incoming stimuli are integrated with beliefs about the current 
state of the environment. According to AE, sensory evidence is added to the current belief, allowing reliable 
temporal evidence integration in face of ambiguous stimuli. By contrast, PC suggests that predictions 
formulated from current beliefs are subtracted from novel sensory information, allowing rapid responses to 
changes in unambiguous environments. Here, we show that this apparent discrepancy can be reconciled 
within a bayesian framework that we call Accumulation of Unpredicted Evidence (AUE). In AUE, current belief 
is updated with the prediction error conveyed by each stimulus (unpredicted evidence) and not the raw 
stimulus evidence. AUE (but not AE) is the normative approach to perceptual decision-making when 
sequential dependencies exist between sensory information. We tested the AUE model in an auditory 
accumulation reaction-time task where we introduced sequential correlations between pairs of successive 
tones within a stimulus sequence. The AE model predicts that first and second tones in a pair (unpredictable 
and predictable tones, UT and PT) should have equal impact on perception. By contrast, in AUE, PTs impact 
on current belief is smaller, because part of PT evidence can be predicted from the previous tone. In 
agreement to AUE, UTs preceding subject choice had a larger impact on choices than PTs, as the decision 
threshold was more frequently reached after UT rather than PT presentation. Moreover, a central late 
positivity EEG signal, previously associated with the accumulation of evidence, showed a much stronger 
response to the UT than to PT evidence. This signal contrasted with a negativity EEG signal similar to the 
Mismatch Negativity, which scaled with the degree of sensory surprise associated with each tone. Overall, 
behavior and neuroimaging results confirm that perception relies on the accumulation of unpredicted 
evidence, combining the predictive component of PC with the integration properties of AE. 
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The neurovascular unit (NVU) represents the structural and functional multicellular relationship between the 
brain and blood vessels. The NVU is vital for autoregulation of cerebral homeostasis and control of cerebral 
blood flow (CBF). Minor stroke (MS), a type of ischemic stroke, is defined as an episode of focal neurological 
symptomatology lasting more than 24 hours, and mild functional outcomes. Despite the neurological 
outcomes, a wide range of affective and/or cognitive disorders often occurs after MS. How MS would 
interrogate the NVU, as a disbalance, and how the simultaneous presence of both (MS and NVU) can affect 
the clinical outcome and determine long-term poor outcomes and dementia is still unknown. For that, 
evaluating the NVU in patients is essential to understand the pathophysiology of MS and define the clinical 
and cellular components. Psicoictus project aims to characterize the affective and cognitive profiles in MS 
patients by a neuropsychological battery, neuroimaging studies and serum biomarkers by metabolomics and 
lipidomics approach. Psicoictus is an observational, longitudinal and prospective study that includes patients 
with MS’s diagnosis from January 2018 to March 2020. Patients are evaluated by a screening battery (MoCA, 
MADRS and AES-C) within five days from stroke minor diagnose. Subsequently, patients with affective and/or 
cognitive impairments in the screening battery are followed up at 15 days, 6 months and 1-year post-stroke. 
178 patients were recruited and 118 patients were included: 31 (26%) had depression, 25 (21%) apathy and 
28 (24%) cognitive impairment on the first screening. Patients with cognitive impairment were further 
evaluated by a complete neuropsychological battery, being executive functions and attention the most 
affected domains. The untargeted metabolomics and lipidomic defined a set of molecules on plasma samples 
obtained at 3-5 days post-stroke. The current study would validate a new diagnostic and prognostic strategy 
for MS patients and it brings evidence that a light disbalance of the NVU would have a potential long-term 
clinical outcome, being essential for interpretation of its physiopathology. 
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GluN3A-containining NMDA receptors are key regulators of postnatal neuronal development. Thought to be 
downregulated after postnatal stages, remnants of GluN3A expression have been recently identified in 
specific areas of the adult brain (Murillo et al., Cereb Cortex, 2021), though the role is still unknown. 
Transgenic mouse studies show that synapses that express GluN3A are resistant to the induction of long-
lasting functional and structural plasticity; and memories fade more quickly in mutant mice with prolonged 
GluN3A expression. In line with this work, humans with low levels of GRIN3A (human gene encoding GluN3A) 
perform better in cognitive tasks. Here we investigated the impact of GluN3A expression in cognitive functions 
and explored the underlying mechanisms. We found that developmental or genetic loss of GluN3A enables 
synaptic mTORC1-dependent translation and facilitates memory consolidation in spatial and associative tasks. 
Notably, unlike the memory enhancement seen after global manipulations of translation, GluN3A deletion 
does not compromise memory flexibility or extinction. The memory enhancement is evident since early 
postnatal ages and can also be achieved by adult deletion of GluN3A in excitatory neurons. These findings 
identify GluN3A as regulator of synaptic translational control during memory encoding, and offer a potentially 
selective target for cognitive modulation. 
 
 
 
 
Work was funded by fellowships from the Generalitat Valenciana (to O.E-Z.), Fundación Tatiana Pérez de 
Guzmán el Bueno, FEBS and IBRO (to M.J.C.D.), Juan de la Cierva (IJCI-2014-19056, to L.G.R), MINECO 
(PRE2019-087955 to C. G-L.), a NARSAD Independent Investigator Award (to I.P.O.) and grants from the 
MINECO (CSD2008-00005, SAF2013-48983R, SAF2016-80895-R), Generalitat Valenciana (PROMETEO 
2019/020)(to I.P.O) and Severo-Ochoa Excellence Awards (SEV-2013-0317, SEV-2017-0723). 
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Introduction: The impact of emotions in education is a common fact not always transformed in a pedagogical 
principle and less in a research topic for validating a pedagogical method. The method y propose is based on 
the fluid (empathic, sincere and positive) interaction in a democratic encounter group. To explain how it works 
I constructed the Hot Brain Hypothesis that brings the perspective of an emotionally fueled cognitive process 
and states that emotions are fundamental for cognition, my self-cognition coefficient changing with the 
emotional involvement. The fluidity equation (N=103) and the empathy coefficient across different groups 
prove that fluidity is strongly connected with the emotional involvement in group interaction, that is, intensity 
of emotion is what counts. 
Materials and methods: The experimental design consisted in a social stress test followed by an encounter 
group interaction, comparing salivary cortisol levels after each one of them (N=12). The psychological analysis 
was done using five types of questionnaires: depression, anxiety, empathy, stress and my fluidity 
questionnaire (Cronbach α=0.8). 
Results: Cortisol levels decreased after the group interaction, proving that fluidity is reducing participant's 
stress. The fluidity equation that describes the connection between my fluidity and the fluidity of the 
participants and of the group captured the impact of stress.  
Conclusion: As the HPA axis in the stress test experiment is reflecting the limbic system reaction, especially 
amygdala's reaction, but by prefrontal cortex modulation through empathy, this allows the Hot Brain 
Hypothesis to predict the impact of emotions on cognitive processes in line with the regression analysis results 
and to explain the impact of an empathic interaction in the reduction of stress, decreasing cortisol levels, 
proving that the fluid interaction is therapeutic.  
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Introduction: My research of the effect of stress on adolescent brain functioning has validated the positive 
therapeutic impact of the fluid teaching interaction, based on a dimension of personality called fluidity 
(empathy, sincerity and positive interaction). Therefore, I propose a new hypothesis about a quadruple brain 
functioning classification (supercold, cold, hot and superhot brain) that has implications from the 
neuropsychiatric perspective of establishing a diagnostic and of an efficient therapeutic intervention.  
Materials and methods: I administered empathy, depression, anxiety questionnaires and my fluidity 
questionnaire (Cronbach α=0.8). Comparing the psychological database (N=103) and the stress test database 
(N=12), I constructed four neuropsychological types of brain functioning by emotion-cognition criteria. The 
cognitive coefficient used was my own self-cognition coefficient.  
Results: The supercold brain that approximates a psychopathic personality has fifteen times more cognitive 
bias than the normal hot brain group. The superhot brain that approximates an anxious and depressive 
personality has a lower cognitive bias. I also validated the superhot brain type with two subjects that have a 
clinical diagnostic.  
Conclusion: The four brain types capture the variation of cognitive processes by the variation of empathy and 
anxiety/depression in strong correlation with DSM taxonomy, proving to be a useful instrument to describe 
brain emotion-cognition activity. I present some criteria and elements of each category and at the same time 
I argue that the proposed classification of brain functioning from the emotion-cognition interaction 
perspective surpasses the linear and clear-cut partition and offers arguments for the four types of brain 
functioning as a psychiatric classification on a continuum but also, mutatis mutandis, as four modes of 
everyday brain functioning in an active-adaptive strategy to a changing social context.  
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High fat diet (HFD) chronic intake induces metabolic syndrome in mice, characterized by a body weight 
increase and insulin resistance (IR). Obesity is a risk factor in the development of neurodegenerative diseases, 
neuropsychiatric disorders and is associated with cognitive decline. DREAM/kchip3/calsenilin (DREAM) is a 
multifunctional protein that belong to neuronal Ca2+ sensors family. Previous studies have demonstrated the 
relevance of DREAM in nociception and in learning and memory processes. In the present study we 
characterize the consequences of DREAM, genetic or pharmacologic, inhibition in the metabolic and 
behavioural alterations caused by HFD intake in mice. Our results showed that chronic pharmacological and 
genetic DREAM inhibition block the metabolic syndrome development, and both of its neurologic comorbidity 
symptoms: the anxiety-related behaviour, and the cognition deficiency. Also, pharmacologic DREAM 
inhibition when metabolic syndrome is established did not affect metabolic parameter but improved 
metabolic syndrome-related neurologic alterations. Therefore, in this study we demonstrate: DREAM 
inhibition may be a potential treatment to restore neurological symptoms related with metabolic syndrome; 
and to block metabolic syndrome induced by HFD intake. 
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A wealth of studies has revealed how cells in frontal brain areas are involved in cognitive control functions. 
Of crucial interest is the understanding of how the activity of neural cells relates to the processing of external 
stimuli features bound in abstract entities of behavioral relevance, thus playing a functional role in cognitive 
control tasks requiring working memory and decision making. For decision making tasks with sequential 
reward offers presentation, neurons in the orbitofrontal cortex (OFC) have been associated with the coding 
and maintenance of the estimated value of a firstly presented offer so that it can be later compared with the 
estimated value of a later presented one. Importantly, it is yet to be assessed what is the role of perceptual 
features of visually presented offers such as the order of presentation and their spatial location. Our research 
aims to investigate the role of task variables in eye movement behavior and the role of neural activity in OFC 
during the execution of a two-alternative gambling task with sequential visual offer presentation. 
Interestingly, we report that eye movements consistently fell within the visual screen side with best offer 
expected value, thus showing how eye position can be used as a marker of readout of the actual best guess. 
In addition, despite the subjects were left with blank screen and free to direct gaze at their will, we found that 
they most frequently reached the side of best offer at each time during task execution. We find evidence for 
this behavior soon after the first offer was presented and, very consistently, soon after the second offer 
presentation. Lastly, we investigated the role of cells in OFC, revealing how a significant portion of cells shows 
linear tuning in their firing rate with respect to offer features. In particular, we report spatial selectivity to the 
side of presentation, to the order of presentation of offers with different values, and to the value of rewards 
achieved in previous trials. 
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Goal-directed behaviour involves navigating in an environment in order to fulfill a particular objective. In 
order to attain their goal, animals, and agents in general, need to keep track of many variables critical in the 
system, such as location and heading direction for spatial navigation. In particular, processing of optic flow 
for visually guided navigation is crucial for the estimation of heading direction, taking part in a perception-
action loop where heading informs the control of the observer’s movement, which in turn modifies the 
pattern of optic flow at the next instant of time. Whereas human behavioral studies have extensively 
examined how optic flow contributes to goal-directed navigation, virtually nothing is known about the neural 
processing of optic flow that guides navigation. In addition, previous studies that have measured neural 
responses to optic flow during behavior have used forced-choice psychophysical tasks that are open-loop. In 
order to address these gaps, we introduce a simple navigation task in which a monkey needs to steer a joystick 
to align themselves to a cued target, which is not visible during steering, in a virtual environment that only 
provides noisy optic flow feedback that is a direct consequence of the monkey's actions. We develop a 
minimal and interpretable stochastic optimal control model that captures important features in the data such 
as urgency to reach the goal and reactive, closed-loop control in the presence of external perturbations. We 
also show, consistent with previous findings, that multiplicative control noise plays an important role in the 
reproduction of the monkey's control behavior. Identifying the dynamical variables that govern steering 
through our model is an important first step to study in future work how control-related signals might be used 
and represented in the brain and how the neural processing of optic flow guides realistic, closed-loop, 
navigation.
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Working memory (WM), defined as the ability to maintain and process information in our brain for  a short 
time, is a cornerstone of cognition. It is involved in many cognitive processes and is impaired in multiple 
mental disorders. Despite decades of study, the neural circuit mechanisms underlying this key brain function 
remain debated. 
 
Aiming to better understand limits of WM, we have developed a visuospatial WM task in mice inspired by 
classical work carried out in primates. Subjects are trained to look and memorize the location of a visual 
stimulus displayed in a touchscreen. After a variable delay period, mice had to report the remembered 
position by touching the screen.   
 
In this task, animals made two types of errors: non-memory dependent, present in visually-guided trials; and 
memory dependent, they increase gradually with delay length. Part of these memory dependent errors are 
caused by idiosyncratic biases that increase as a function of delay. We hypothesize that idiosyncratic biases 
are induced by discrete attractor dynamics pulling memories towards a few stable representations in 
mnemonic space. 
 
We also analyzed the repeating bias, defined as the excess of  probability of  making a particular response 
rt=X after the previous choice rt-1 is also X. We fit a linear mixed model to the repeating bias data and we 
observed a significant increase with delay length (p=0.004) suggesting that this type of choice bias could be a 
bias in WM caused by previous stored locations. 
 
This novel task presents an opportunity to investigate visuospatial WM in mice, an animal model suited for 
circuit level electrophysiology, genetic and pharmacologic manipulations and models of mental disorders 
associated with a WM malfunction such as schizophrenia.  
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Stroke produces a progressive impairment of hippocampus-dependent memory in ~40% of mice exposed to 
the ischemic insult and stimulates neurogenesis in adult rodent dentate gyrus. Recent studies suggest that 
newborn neurons after stroke show an aberrant morphology and may therefore incorrectly integrate into the 
pre-existing hippocampal circuits, leading to the cognitive impairment observed (Cuartero et al., 2019). The 
mechanisms by which these alterations occur are unknown. Based on these findings, our main objective is to 
explore the possible alterations of the neurogenic niche components, which could be related to a 
deterioration of hippocampal-dependent memory after stroke.  
 
To perform this study, stroke was induced by occlusion of the middle cerebral artery (MCAO) in 2-month old 
C57Bl/6 male mice. Different hippocampal metabolites and neurotransmitters were analysed by magnetic 
resonance spectroscopy and episodic memory was evaluated using the contextual fear conditioning test. The 
number of microglia, astrocytes, parvalbumin+ and somatostatin+ interneurons was analysed by 
immunofluorescence and confocal microscopy.  
 
Our results show that the levels of some metabolites and neurotransmitters changed after ischemia, including 
Glutamate + Glutamine, N-acetylaspartylglutamic acid + N-acetylaspartate, glycerophosphocoline (GPC), 
inositol and GABA. GPC, which is usually associated with cellular turnover, was increased after stroke; this 
increase might be reflecting the changes in neurons at the population level including the cycle of proliferation 
and maturation of the newborn neurons. Also, ischemia induced gliosis and astrogliosis with astrocyte 
activation and an increase in inositol, which is considered a glial marker. Interestingly, higher hippocampal 
GABA levels at 14 days after ischemia correlated with worse memory at 35 days (n=15; P<0.05); in agreement, 
there was an increase in the number of hippocampal immunoreactive somatostatin+ interneurons. 
 
In conclusion, our results suggest that experimental stroke by MCAO in mice induces hippocampal alterations 
which may account for the neurogenic alterations associated with the cognitive deficit observed. 
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The consolidation of new memories into long lasting memories is multistage process characterized by distinct 
temporal dynamics. However, our understanding on the initial stage of transformation of labile memory of 
recent experience into stable memory remains elusive. Here, with the use of rats and mice overexpressing a 
memory enhancer called regulator of G protein signaling 14 of 414 amino acids (RGS14(414)) as a tool, we 
will show that the expression of RGS14(414) in male rats perirhinal cortex (PRh), which is a brain area crucial 
for object recognition memory (ORM), is able to enhance ORM to the extent that it causes the conversion of 
labile short-term ORM (ST-ORM) expected to last for 40 min into stable long-term ORM (LT-ORM) traceable 
after a delay of 24 h and that the temporal window of 40 to 60 min after object exposure not only is key for 
this transformation but also is the time frame when a surge in 14-3-3ζ protein is observed. A knockdown of 
14-3-3ζ gene abrogates both the increase in 14-3-3ζ protein and the formation of LT-ORM. Furthermore, this 
14-3-3ζ upregulation increases BDNF levels in the time frame of 60 min and 24 h and 14-3-3ζ knockdown 
decreases the BDNF levels, and a deletion of BDNF gene produces loss in mice ability to form LT-ORM. Thus, 
within 60 min of object exposure, 14-3-3ζ facilitates the conversion of labile ORM into stable ORM, whereas 
beyond the 60 min, it mediates the consolidation of the stable memory into long lasting ORM by regulating 
BDNF signaling.  
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Role of the galanin N- terminal fragment (1-15) in the mesolimbic dopaminergic system 
 
We have recently discovered that Galanin(1-15) [GAL(1-15)] induced depression-like behaviour in the Forced 
Swimming Test and Tail Suspension Test. Since anhedonia is a core feature of depression, we have analyzed 
in rats GAL(1-15) actions in anhedonic-like behaviour tests: Saccharin self-administration test, Novelty 
Suppressed Feeding (NSF) and Female urine sniffing test (FUST). To investigate the areas involved in GAL(1-
15) effects, we have analyzed transcriptional changes in the VTA and NAc. We have also studied the impact 
of GAL(1-15) on other reinforcers, specifically on the effect of alcohol. 
 
In the saccharin Self-administration, a dose-response curve of GAL(1-15) 1nmol, 3nmol was performed. In 
NSF and FUST, we have analyzed GAL(1-15) 3 nmol effects in the latency of the first feeding episode and the 
female urine sniffing duration. The VTA and NAc were dissected from the NSF and FUST experiments, and RT-
qPCR measured the mRNA expression of C-Fos, Dat and, Vmat2.  
In the two-bottle choice test, groups of rats received i.c.v. GAL (1-15) 1, 3nmol or vehicle 2hours before the 
measures.  
One-way ANOVA followed by Fisher´s least significant difference test was used. 
 
GAL (1-15) 3nmol significantly increased the latency of feeding (p<0.001) in the NSF and significantly 
decreased sniffing duration (p<0.001) in the FUST. In the VTA, GAL(1-15) 3nmol produced a significant 
decrease in the mRNA levels of Dat and Vmat2 (p<0.05). In NAc, GAL (1-15) induced a significant reduction in 
the expression of C-Fos mRNA.  
GAL (1–15) 3nmol significantly decreased the ethanol intake (p<0.05) and preference (p<0.05).  
 
These results suggest the participation of the mesolimbic dopaminergic system in action mediated by GAL(1-
15) on anhedonia and ethanol consumption, paving the way for its use in other drugs of abuse. 
SAF2016-79008-P and PI-0083-2019 supported this study. 
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Over the years, epilepsy research has focused on discovering its aetiology, designing appropriate treatments 
and improving patients' quality of life. One of the key elements for the latter two goals is to know when an 
epileptic seizure episode is going to occur, since knowing the window in which an attack will occur well in 
advance makes it easier to control it with the necessary therapeutic measures and reduces the uncertainty 
and stress suffered by the patient. 
Predicting an epileptic seizure requires an artificial intelligence algorithm that integrates a series of data in 
real time.  
Predicting an epileptic seizure requires an artificial intelligence algorithm that integrates a series of real-time 
data. This data can be from motion, heart rate or even optical sensors, but the best predictor to date is the 
patient's own brain signals. 
In this study, an artificial neural network has been developed with the aim of predicting epileptic seizures in 
a dataset obtained from multi-electrode arrays. For this purpose, a data processing software has been 
programmed to obtain the most relevant spectral and morphological characteristics of the signals, namely: 
spectrogram, Welch power estimate, spectral entropy, zero-crossing rate, total signal area, mean, variance, 
skewness and kurtosis. This neural network has been trained on graphics processing units to speed up 
computation times and facilitate the parallelisation of the process. 
The resulting neural network is able to predict with attacks in time windows of 15 minutes with an accuracy 
of 87.38%. Based on this network, future work will adapt the system to the EEG data and try to optimise the 
architecture to improve the results. 
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Perceptual decision and continuous stimulus estimation tasks involve making judgments based on 
accumulated sensory evidence. Network models of evidence integration usually rely on competition between 
neural populations each encoding a discrete categorical choice. By design, these models do not maintain 
information of the integrated stimulus (e.g. the average stimulus direction in degrees) that is necessary for a 
continuous perceptual judgement. Here, we show that the continuous ring attractor network can integrate a 
stimulus feature such as orientation and track the stimulus average in the phase of its activity bump. We 
reduced the network dynamics of the ring model to a two-dimensional equation for the amplitude and the 
phase of the bump. Interestingly, these reduced equations are nearly identical to an optimal integration 
process for computing the running average of the stimulus orientation. They differ only in the intrinsic 
dynamics of the amplitude, which affects the temporal weighting of the sensory evidence. Whether the 
network shows early (primacy), uniform or late (recency) weighting depends on the relative strength of 
sensory stimuli compared to the amplitude of the bump and on the initial state of the network. The specific 
relation between the internal network dynamics and the sensory inputs can be modulated by changing a 
single parameter of the model, the global excitatory drive. We show that this can account for the 
heterogeneity of temporal weighting profiles observed in humans integrating a stream of oriented stimulus 
frames [1,2]. Our findings point to continuous attractor dynamics as a plausible mechanism underlying 
stimulus integration in perceptual estimation tasks. 
 
[1] Wyart, V., et al. (2012). Neuron. 
[2] Cheadle, S., et al. (2014). Neuron. 
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Finding the deep sources that compose an EEG at the skull is termed the inverse problem, and cannot be 
solved without spatial information of the sources. However, the problem affects even further to intracranial 
recordings, which is usually neglected, but recent technical and theoretical developments have begun to 
address it adequately. The mixing of potentials in the volume causes the original temporal motifs to distort 
each other and vary at different sites. Thus the time-frequency parameters of brain waves (amplitude, phase, 
duration) may become stripped of physiological meaning. Here we explore how the FPs of one source modify 
the waveform parameters of others. Experimental data shows a conspicuous presence and far reach of FPs 
generated by primary structures as the cortex and hippocampus, which not only contaminate each other, but 
impose their temporal traits on large portions of the brain. Both contain several sources whose activation is 
state, region, and time-dependent. Feed forward simulations show that the reach of FPs is determined by the 
source’s geometry. We noticed that discriminating potentials by distance to the source (volume-conducted 
vs local field potentials) is inadequate, particularly for large sources. For example, it is often forgotten that 
LFPs themselves are formed by mixing multiple nearby sources that blur each other’s time course in the FP 
mixture, or that large sources can be near and far from an electrode. Altogether, the risks of assuming a 
“locality” and/or a single source origin for intracranial recordings are exposed, and we propose a broader 
view that prioritizes the geometry and the position of the sources over the distance to the electrodes. 
Obtaining the spatial demarcation of the active sources should be a primary objective together with their full 
disentangling to guide the correct treatment toward physiologically meaningful time courses of the activities 
in the neural networks. 
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Patients with Huntington’s disease (HD) may have difficulty controlling impulses and emotions, resulting in 
outbursts, yelling, or aggression. Mild to severe depression have been also widely reported. All these 
symptoms together are the ones of the primary complaints of HD. These disturbances have an early onset 
and could be associated to a very early dysfunction of the striatal circuitry. To understand how these 
psychiatric alterations take place, its underlying molecular mechanisms must be delineated. 
Previous studies showed that the striatal-enriched gene Foxp2 is among the earliest genes dysregulated in 
the striatum of mouse models of HD. Foxp2 is a crucial gene for the formation and maturation of the cortico-
striatal pathway. Coinciding with the HD pre-symptomatic psychiatric symptoms, it has been described in 
genomic wide association studies (GWAS) that Foxp2 is a major risk factor to develop depressive symptoms, 
irritability and sleep disturbances among others. 
We performed a battery of behavioral tests in the juvenile R6/1 mouse model of HD to evaluate early 
psychiatric-like disturbances as impulsivity, aggressive behavior or hyperactivity. 
We show that the detected dysregulation of Foxp2 in the R6/1 mouse is strongly correlated with alterations 
in impulsivity, decreased aggressive behavior, hyper-activity and several early biochemical changes. 
Moreover, overexpression of Foxp2 in the striatum of juvenile R6/1 striatum ameliorates impulsive-behavior 
displayed by R6/1 mice respect to control WT littermates and rescue their spine loss detected in medium 
spiny neurons. 
Our data suggest that FoxP2 is one of the major and early targets for the mutant huntingtin which leads to an 
altered maturation striatal neuronal populations in HD that finally culminate in the appearance of pre-
symptomatic psychiatric symptoms. Understanding the contribution of Foxp2 in HD could lead us to propose 
a comprehensive molecular mechanism with its associated circuit underlying major psychiatric symptoms in 
pre-symptomatic HD patients. 
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Schizophrenia (SCZ) is a multifactorial disease resulting in cognitive and emotional dysfunctions, usually 
appearing from late adolescence to early adulthood. Although its etiology is not fully understood, early life 
aversive experiences and alterations in neurodevelopment are considered predisposing factors. Certain brain 
regions such as the prefrontal cortex and the hippocampus known to be affected by early life stress are also 
altered in SCZ. Different reports have also described alterations in the retrosplenial cortex (RSC). Studies in 
patients and animal models of SCZ have found alterations in the parvalbumin (PV) expressing interneurons, 
making them good candidates to study the mechanisms underlying this psychiatric disorder. Some of the 
alterations observed in PV+ interneurons may be mediated by perineuronal nets (PNNs), specialized regions 
of the extracellular matrix, which frequently surrounding these inhibitory neurons. In the present study, we 
have used a murine double hit model combining a single perinatal injection of an NMDAR antagonist (MK801) 
to slightly disturb early postnatal development and post-weaning social isolation as an early life aversive 
experience. We have investigated the effect of the model and each of its factors on the subpopulation of PV 
expressing interneurons and PNNs in the hippocampus and RSC of adult male mice, using unbiased stereology. 
In the CA1, but not in the CA3 region of the hippocampus, the number of PNNs and PV+PNN+ cells was 
affected by the treatment with MK-801. In the RSC, we observed a significant impact of isolation, treatment 
with MK-801, and the interaction of both interventions on the number of PV expressing interneurons, PNNs, 
and PV+PNN+ cells. The present double-hit model constitutes a useful tool to investigate the effects of early 
life aversive experiences and the biological basis of schizophrenia. Our results may constitute the basis for 
further studies on PV expressing interneurons and the PNNs in this disorder.
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Early exposure to stressful events is known to be a cause for alterations in neural development. These changes 
can be maintained during adult life, leading to stress-related psychiatric disorders. The thalamus reticular 
nucleus (TRN) is a GABAergic nucleus mostly formed by parvalbumin positive interneurons. This nucleus 
receives collateral glutamatergic projections form both corticothalamic and thalamocortical neurons and 
exerts a strong inhibition towards the thalamus. Although it is mainly known for regulating the informational 
flow between the cortex and the thalamus, it has also been related with the pathology of some psychiatric 
disorders, including some in which stress acts as a precipitating or predisposing factor. In this study we used 
a peripubertal unpredictable chronic stress model in mice, based on psychogenic stressors, to assess whether 
aversive events during peripubertal development lead to changes in the structure and connectivity of the 
TRN. This model has been previously used in our laboratory to recreate the effects of early stress in the 
prefrontal cortex, showing interesting and differential results between female and male mice. In the present 
study, we analyzed some molecules expressed in the TRN and related to interneuronal plasticity and the 
closure of critical periods, such as components of perineuronal nets and PSA-NCAM. In addition, we are 
analyzing other parameters related to the connectivity of the TRN with the cortex and the rest of thalamic 
nuclei. We intend to find some insight in the effects that adverse experiences during early life have on the 
development and connectivity of the TRN. This may lead to an advance on the knowledge of the 
neurobiological basis of some psychiatric disorders in which early-life stress acts as a predisposing factor.  
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Autism spectrum disorder (ASD) is an abnormal neurodevelopmental process characterized by a central 
symptomatology. The cerebellum is a key structure in the study of ASD for both its motor function and its 
involvement in cognitive, affective and social behaviour. Patients with ASD have a specific loss of Purkinje 
cells, together with an affectation of neurotrophic factors (NF), which also causes neuronal alterations.  
 
This work aims at studying the social conditions present in ASD and related with cerebellum, employing the 
PCD mutant mouse, an animal model that presents a specific loss of Purkinje cells. For the analysis of the 
relationship between NF and cerebellar destructuration, both gene and protein expression of NF, such insulin 
growth factor 1 (Igf-1), vascular endothelial growth factor A and B (Vegf-A and Vegf-B) and brain-derived 
neurotrophic factor (Bdnf) were analysed at different ages: P10, P15, P20, P25, P30 and P40 (i.e. before and 
during the Purkinje cell loss). 
 
Our preliminary results demonstrated a statistically significant increase in both gene and protein expressions 
of Igf-1 at P25 and P40, and Vegf-B at P15 and P20 in the cerebellum of PCD mice, while the other NF remained 
similar to control mice. In addition, the pattern of expression of Igf-1 and Vegf-B resulted radically different 
amongst genotypes: in wild type mice we observed oscillations in their expression, being higher at P20 and 
P30, while in PCD mice we did not observe that, but a constant increase of these NF. These fluctuations seem 
to be important for proper cerebellar function and development, whereas the increase may be related to an 
attempt to neuroprotection in front neuronal death.   
 
Finally, these data have been used to carry out a pharmacological treatment with neuroprotective factors, 
which is currently underway.   
 
Support: MICINN, JCyL, USAL 
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Alcohol binge drinking (ABD) induces neuroinflammation in the prefrontal cortex of rats and damages the 
intestinal barrier allowing the entry of bacterial products, such as the endotoxin lipopolysaccharide (LPS), to 
the systemic circulation, which strongly activates the innate immune system. LPS is a big molecule and its 
being accepted it could not entry the brain. New evidences indicate that parts of the LPS such as Lipid A and 
core could reach the brain in physiological conditions by binding to specific apolipoproteins. However, the 
infiltration in the brain and the transport mechanisms have not been explored in ABD conditions.  Here, we 
explored the presence of the endotoxic component of LPS, the Lipid A, in frontal cortex of rats exposed to 
ABD and study the mechanisms of transportation by binding to apolipoproteins ApoA1 and ApoB in male and 
female rats. 
 
Animals were exposed to intragastric binge ethanol administrations (3 times/day x 4 days) with a maximum 
dose of 3 g/kg of ethanol in a solution of 30 percent (w/v). To verify intoxication, blood ethanol levels were 
determined in blood samples taken from tail. Female reproductive cycle was controlled by taking vaginal 
secretion once a day and microscopic analysis. Free ApoA1, ApoB and Lipid A levels and binding (Apo-Lipid A) 
aggregates were measured by western blot analysis and confirmed by Co-Immunoprecipitation.  
 
Results indicate that neither free Lipid A nor ApoA1 and ApoB are increased in the frontal cortex of ABD male 
or female rats compared to controls. However, significant increases in the Lipid A / ApoA1 and Lipid A / ApoB 
ratios were observed in this structure, indicative of the binding of Lipid A with these apolipoproteins, as 
confirmed by Co-Immunoprecipitation. 
 
Our results suggest that LPS infiltrates the brain in ABD conditions through a lipoprotein transport mechanism 
which does not show sexual differences. 
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Wernicke-Korsakoff syndrome (WKS) is a neuropsychiatric disorder induced by thiamine deficiency (TD) 
whose main causal factor is alcoholism. WKS patients show significant mood and executive function 
alterations which are even more devastating than memory problems. A dysfunction in the prefrontal cortex 
(PFC) has been associated to impulsivity and disinhibition in WKS patients. This pathology occurs with 
neuroinflammation as one of the mechanisms responsible of brain damage, but specific mechanisms have 
not been understood yet. Here, we explored the innate immune receptor Toll-like 4 (TLR4) and its signaling 
pathway in postmortem human tissue and in a WKS animal model and its relationship with behavioral 
disinhibition. 
 
WKS was induced in rats by chronic consumption of 20% (w/v) alcohol during 9 months along with a TD hit 
(TD diet + pyrithiamine 0.25 mg/kg, i.p. daily injections) during the last 12 days of experimentation. Rats were 
evaluated on behavioral tasks that are highly dependent on the PFC, as the elevated plus maze and open field 
test at the end of treatments. Rat PFC was dissected and analyzed for TLR4, MyD88, IκBα and HSP70 
expression. Additionally, immunohistochemical studies were carried out in postmortem brain of an alcohol-
induced WKS diagnosed subject. 
 
WKS animals showed a clear disinhibited-like behavior, which correlated with the upregulation of the TLR4 
signaling pathway in the PFC. Interestingly, postmortem PFC samples of a WKS diagnosed patient showed an 
upregulation of TLR4 and its co-receptor MyD88 both in gray and white matter structures compared with a 
paired healthy control. 
 
Our results show alterations in the TLR4 pathway in WKS postmortem human brain and suggest a key role for 
cortical TLR4 in the disinhibition-like behavior, as evidenced by the WKS animal model. 
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Parkinson´s disease (PD) is the second more prevalent neurodegenerative disease. Besides motor 
impairments, increasing evidences demonstrate the presence of non-motor symptoms co-morbid with PD. 
Some of these symptoms can appear at early stages of the disease and may worsen the pathology, resulting 
in a poorer quality of life. One of the most common and disabling co-morbidities are the emotional alterations, 
such as anxiety and depressive symptoms, present in more than 50% of PD patients. The neuronal alterations 
that cause motor symptoms in PD are well characterized, thanks to the availability of several models that 
successfully reproduce them. In contrast, comorbid PD models that recapitulate the non-motor symptoms to 
study the neuronal alterations involved are not available. Beyond dopamine decline, there are other 
monoaminergic systems altered in PD, such as serotonin or noradrenaline. The dorsal raphe nucleus and the 
locus coeruleus, respectively the main serotonin and noradrenalin source of the brain, are affected at early 
stages of PD, when the emotional symptoms appear. The altered activity in these nuclei and in their projection 
fields may be involved in the pathophysiology of these mental comorbidity.  In this work, we used the aphakia 
mice, a genetic PD model induced by the down-regulation of the Pitx3 transcription factor, that triggers a 
failure in the nigro-striatal dopaminergic pathway and a moderate parkinsonian phenotype, mimicking mild 
stages of PD, when emotional symptoms appear. We aim to, first, stablish the aphakia mice as a parkinsonian 
model with mental comorbidities and, second, define the neuronal circuits involved in the appearance of 
anxiety and depression. We found that the aphakia mice show anxiety and depressive signs associated with 
a decreased number of dopamine neurons in the DRN and decreased catecholaminergic transmission in the 
projection fields.  
 
Funded by Spanish Ministries of Science and Innovation (PID2019-111693RB-I00) and UE (H2020-SC1-BHC-
2018-2020, grant agreement n° 848002). 
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Alzheimer´s disease (AD), the most prevalent neurodegenerative disorder worldwide, is clinically 
characterized by cognitive deficits. Neuropathologically, deposits of amyloid-β and tau proteins accumulate 
in the brain in a six-stages predictable pattern. These misfolded proteins can propagate cell-to-cell in a prion-
like manner and induce native proteins to become pathological. 
 
Neuronal loss and volume reduction in entorhinal cortex (EC) and hippocampus (HP) have been largely 
reported, key regions in both the onset of the disease and the cognitive deficits observed in AD patients. In 
this sense, the subicular complex (SC) is a region of special interest because it represents the connecting 
bridge between the EC and the HP. However, the role of the SC in AD remains to be elucidated. Therefore, 
the aim of this work has been to quantify the volume and stereologically analyze neuronal and glial changes 
within the human SC including subiculum, presubiculum and parasubiculum. 
 
Experimental procedures were approved by the Ethical Committee of Clinical Research at Ciudad Real 
University Hospital (SAF2016-75768-R). Post-mortem human brain samples were provided by the Spanish 
Biobank Network. Two experimental groups were used: n=9 AD cases (stages V/VI) and n=9 age-matched non-
AD cases. Volumetric quantification of SC was performed using Cavalieri method. Neurons (Neu-N), microglia 
(Iba-1) and astroglia (GFAP) were also quantified by optical fractionator method using immunohistochemical 
staining. 
 
Volumetric changes and differential involvement of neural and glial populations by proteinopathies in the SC 
could help to understand how cortical circuitry is involved in the spreading throughout the medial temporal 
lobe. 
 
Sponsored by the UCLM/ERDF (2020-GRIN-29145 to NPND), the Spanish Ministries of Economy and 
Competitiveness/ERDF (SAF2016-75768-R) and Science and Innovation (PID2019-108659RB-I00) to AMM and 
the Autonomous Government of Castilla-La Mancha/ERDF (SBPLY/17/180501/000430) to AMM and DSS. SVC 
and MGR held a predoctoral fellowship granted by UCLM/ESF and VAL held an assistant professorship granted 
by UCLM/ERDF. 
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Ischemia-induced oxidative stress compromises genome integrity, which results in DNA damage and neuronal 
loss after stroke. We described that reactive oxygen species (ROS) generated during ischemia upregulate 
WRAP53 (WD40 encoding RNA antisense to p53) and trigger its translocation to the nucleus, where it 
promotes DNA repair [1]. However, the molecular mechanism remains unknown. Transcription factor Sp1 
acts as a pleiotropic oxidative stress response protein in neurons. Particularly, ROS-induced Sp1 expression 
promotes neuroprotection against ischemia [2]. Interestingly, Wrap53 promoter contains putative consensus 
sequences (GC boxes) for Sp1. We analyze the role of Sp1 as a modulating factor of WRAP53-mediated 
neuronal survival and its impact on brain repair after stroke. 
 
Primary cortical neurons were subjected to in vitro ischemia (oxygen and glucose deprivation, OGD). Levels 
of WRAP53 and Sp1 were modulated by lipofection with plasmids and siRNA. Protein location and 53BP1 foci 
formation (DNA repair marker) were analyzed by immunofluorescence. For in vivo experiments, mice were 
subjected to middle cerebral artery occlusion (MCAO), a validated model of cerebral ischemia. 
 
We found that ischemia rapidly induced Sp1 expression in neurons, which preceded WRAP53 accumulation. 
Sp1 and WRAP53 accumulated in the nuclei after OGD, which was confirmed in vivo. By ChIP assay on SH-
SY5Y cells, we found that the GC boxes-containing Wrap53 promoter region co-immunoprecipitated with anti-
Sp1, suggesting Sp1 as a modulator of WRAP53 expression. Interestingly, Sp1 downregulation by siRNA 
prevented WRAP53 upregulation and nuclear translocation induced by OGD in neurons, leading to 
inactivation of DNA repair response and neuronal death. 
 
Sp1 modulates WRAP53 expression and nuclear accumulation after ischemia through a ROS-dependent 
pathway. This new ROS-Sp1-WRAP53 signaling pathway poses Sp1 and WRAP53 as attractive targets for new 
neuroprotective strategies in ischemic stroke. 
 
Funded:ISCIII (FI19/00160;PI18/00265;RD16/0019/0018), FEDER, EU Horizon 2020 Research and Innovation 
Programme (Grant Agreement 686009), Junta de Castilla y León (CSI151P20;Escalera de Excelencia CLU-2017-
03 Cofinanciado por P.O.FEDER de Castilla y León 14-20) 
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Autism is a neurodevelopmental disorder with a multifactorial origin and diverse manifestations. Although 
many progresses have been made in the knowledge of this condition, there is still a long way to understand 
its cellular, neuroanatomical, and behavioural bases. In addition, it is mandatory to explore possible 
treatments that might ameliorate the symptomatology of people with this disorder. In this sense, biomedical 
research using animal experimentation has generated significant advances in the knowledge of autism. 
Nowadays several animal models that mimic autism in humans are used, either generated from exposure to 
environmental factors or carrying identified human genetic mutations. 
 
One of the most validated and worldwide employed animal models for autism research is the valproic acid-
induced rodent model of autism (VPA). However, we have detected multiple difficulties to obtain it and, 
unfortunately, the existing literature does not expose these arising hindrances. In the present work we 
describe the path that our team followed to generate the VPA model. Several problems emerged related to 
difficulties on the set of the optimal dosage of valproic acid: sedative and/or epileptogenic signs in dams, 
abortion in pregnant mice and mortality in dams and offspring. 
 
Once solved these obstacles, we started to investigate the olfactory bulb histopathology of the animal model 
by histochemistry and immunohistochemistry, and its olfactory capabilities through a variation of the Marble 
Burying Task using odorants. Our preliminary results suggest variations at both levels in the VPA model. The 
analysis of the olfactory system will shed light on the autism spectrum disorders research field, as it has been 
shown that the sensory alterations in this condition could be affecting its general pathogeny. 
 
E-mail: cabedonavarro.valeria@usal.es; jralonso@usal.es 
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Fast synaptic transmission in vertebrates is critically dependent on myelin for insulation and metabolic 
support. Myelin is produced by oligodendrocytes that maintain multilayered membrane compartments that 
wrap around axonal fibers, and alterations in myelination can therefore lead to severe pathologies such as 
multiple sclerosis. Given that hypomyelination disorders have complex etiologies, reproducing clinical 
symptoms of myelin diseases from a neurological perspective in animal models has been difficult. We recently 
reported that R-Ras1-/- and/or R-Ras2-/- mice, which lack GTPases essential for oligodendrocyte survival and 
differentiation processes, present different degrees of hypomyelination in the Central Nervous System with 
a compounded hypomyelination in double knockout (DKO) mice. Here, we discovered that R-Ras1 and/or R-
Ras2 loss of function is associated with aberrantly myelinated axons with increased numbers of mitochondria 
and a disrupted mitochondrial respiration that leads to increased ROS levels. As a consequence, aberrantly 
myelinated axons are thinner with cytoskeletal phosphorylation patterns typical of axonal degeneration 
processes characteristic of myelin diseases. Although we observed different levels of hypomyelination in 
single mutant mice, the combined loss of function in DKO mice lead to a compromised axonal integrity 
triggering a loss in visual function. Our findings demonstrate that R-Ras loss of function reproduces several 
characteristics of myelin diseases, and we therefore propose that R-Ras1-/- and R-Ras2-/- neurological models 
are valuable approaches for the study of myelin pathologies.  
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Lafora disease (LD) is a fatal childhood-onset dementia characterized by the extensive accumulation of 
glycogen aggregates—the so-called Lafora Bodies (LBs)—in several organs. The accumulation of LBs in the 
brain underlies the neurological phenotype of the disease. LBs are composed of abnormal glycogen and 
various associated proteins, including p62, an autophagy adaptor that participates in the aggregation and 
clearance of misfolded proteins. Our results demonstrate that p62 participates in the formation of LBs and 
suggest that the sequestration of abnormal glycogen into LBs is a protective mechanism through which to 
reduce the deleterious consequences of its accumulation in the brain (1). 
Until recently, it was widely believed that brain LBs were present exclusively in neurons and thus that LD 
pathology derived from their accumulation in this cell population. However, we have demonstrated that LBs 
are also present in astrocytes. Strikingly, impeding LB accumulation in astrocytes prevents the increase in 
neurodegeneration markers, autophagy impairment, and metabolic changes characteristic of LD in a mouse 
model. Conversely, mice that overaccumulate glycogen in astrocytes show an increase in these markers. 
These results unveil the deleterious consequences of the deregulation of glycogen metabolism in astrocytes 
and change the perspective that LD is caused solely by alterations in neurons (2).  
 
1. Pellegrini P, Hervera A, Varea O, Brewer K, López-Soldado I, Del Río JA, Guinovart JJ, Duran J. Lack of p62 
impairs glycogen aggregation and exacerbates pathology in a mouse model of Lafora disease. 
bioRxiv 2021.06.03.446965 
2. Duran J, Hervera A, Markussen KH, Varea O, López-Soldado I, Sun RC, Del Río JA, Gentry MS, Guinovart JJ. 
Astrocytic glycogen accumulation drives the pathophysiology of neurodegeneration in Lafora disease. 
Brain. 2021 Apr 2:awab110. 
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Parkinson’s disease (PD) is characterized by a preferential degeneration of neurons that accumulate with age 
the pigment neuromelanin, especially neurons from substantia nigra (SN) and locus coeruleus (LC). We aim 
to characterize the consequences of age-dependent intracellular neuromelanin accumulation in 
catecholaminergic neuronal populations to understand the relationship between this process and the 
vulnerability of these cells in PD, as well as its impact on healthy brain aging. We previously generated a rat 
model exhibiting progressive unilateral SN production of neuromelanin that showed parkinsonian-like 
neuropathology and motor deficits1. Here, we generated a new neuromelanin-producing rodent model, 
based on the tissue-specific constitutive expression of human tyrosinase (hTyr) under the tyrosine 
hydroxylase (TH) promoter (Tg-TH-hTyr), that mimics the bilateral distribution of pigmentation within the 
aging human brain (i.e. catecholaminergic groups A1-A142). In parallel to neuromelanin intracellular buildup, 
Tg-TH-hTyr mice exhibited major PD features, including motor and non-motor behavioral alterations, 
inclusion body formation and degeneration of specific catecholaminergic neuronal groups. Genome-wide 
transcriptomic analysis of neuromelanin-laden neurons revealed alterations in PD-related biological pathways 
that correlate with human PD postmortem studies. Our results show that modelling human neuromelanin 
accumulation in rodents leads to age-dependent catecholaminergic dysfunction and molecular alterations 
resulting in motor and non-motor deficits, which is relevant to PD pathology and brain aging. 
 
References: 
1Carballo-Carbajal I, Laguna A, Romero-Giménez J, Cuadros T, et al. (2019). Brain Tyrosinase Overexpression 
Implicates Age-Dependent Neuromelanin Production in Parkinson’s disease Pathogenesis. Nat Commun 
10(1):973.  
2Bogerts B. 1981. A Brainstem Atlas of Catecholaminergic Neurons in Man, Using Melanin as a Natural 
Marker. J Comp Neurol 197(1):63–80.  



 

PS4-73 
DIAZEPAM ADMINISTRATION IN THE INTRAHIPPOCAMPAL KAINIC ACID 
ANIMAL MODEL OF EPILEPSY RESCUE BRAIN FDG-PET HYPOMETABOLISM 
IMAGING 
Ms. Nira Hernández1, Ms. María Gómez1, Mr. Guillermo Santamaría2, Mr. Rubén  Fernández1, Dr. Luis García1,3, 
Dr. Mercedes Delgado1, Dr. Francisca Gómez1, Dr. Eduardo Martín4, Prof. Miguel Ángel Pozo1,3 

1Instituto Pluridisciplinar, Universidad Complutense De Madrid, Madrid, Spain, 2Instituto de Investigación Sanitaria, 
Fundación Jiménez Díaz, Madrid, Spain, 3Instituto de Investigación Sanitaria San Carlos (IdISCC), Madrid, Spain, 4Instituto 
Cajal, , Spain 
 

2-deoxy-2-(18F)fluoro-D-glucose in positron emission tomography (FDG-PET) is an efficient tool to 
characterize the changes in brain glucose metabolism, in which hypometabolism seems to be an early marker 
of epileptogenesis since it is associated with neuronal death and inflammatory processes. In animal epilepsy 
models, diazepam is usually administered after the status epilepticus in order to prevent high rate mortality. 
The aim of this study is to determine whether the administration of diazepam can modify the metabolic or 
neurohistochemical characteristics related to the intrahippocampal kainic acid (KA) animal model of epilepsy. 
 
Intrahippocampal kainic acid surgery was carried out in 21-day-old male C57BL/6J mice, followed or not by 
diazepam (10 mg/kg, i.p.) administration. Static FDG-PET studies were performed before surgery (baseline 
measure), 24 hours and 7 days after surgery. Brains were extracted on day 8 to measure neurodegeneration 
(FluoroJadeC), neuroinflammation (GFAP, Iba1) and neuronal death (activated Caspase 3, Nissl) by 
neurohistochemistry. 
 
FDG-PET neuroimaging showed differences in the dynamics of brain metabolism over time. The use of 
diazepam attenuates the hypermetabolism generated by KA 24 hours after surgery, reaching levels similar to 
the group without epilepsy. Furthermore, the epilepsy group without diazepam administration showed 
marked hypometabolism at 7 days, contrary to the group with diazepam. At the neurohistochemical level, 
differences in inflammation, neurodegeneration and neuronal death were observed even with the 
administration of diazepam. 
 
In conclusion, diazepam in this model has an effect at the metabolic level, rescuing the differences that occur 
in the model without diazepam, so its use should not be recommended when the aim of the research is to 
use FDG-PET as a diagnostic tool in this model, although the neurohistochemical correlate associated with 
this disorder is maintained. 
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In the central nervous system, the M current plays a critical role in regulating the subthreshold electrical 
excitability of neurons, determining their firing properties and responsiveness to synaptic input. M-channel is 
mainly formed by subunits Kv7.2 and Kv7.3 that co-assemble to form a heterotetrametric channel. The 
relevance of their functionality is demonstrated by the negative effects of mutations on their encoding genes. 
Mutations in KCNQ2 and KCNQ3 have been associated with a long list of hyperexcitability phenotypes 
including benign familial neonatal epilepsy (BFNE) and neonatal epileptic encephalopathy (NEE). SGK1.1, the 
neuronal isoform of the serum and glucocorticoids-regulated kinase 1 (SGK1), is a M-current modulator 
described by our group able to increase M-current density in neurons, leading to reduced excitability and 
protection against seizures. Herein, using two-electrode voltage clamp on Xenopus laevis oocytes, we 
demonstrate that activated SGK1.1 is able to up-regulate the M-channel in presence of two different epilepsy 
mutations found in Kv7.2 subunit, R207W and A306T. In addition, proximity ligation assays on N2a cell line 
allowed us to address the effect of these mutations on Kv7-SGK1.1-Nedd4 molecular associations, a proposed 
pathway underlying the M-channel up-regulation by SGK1.1  
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Adult neurogenesis persists throughout adulthood in the hippocampus of most mammals because of a 
population of neural stem cells (NSCs) that remains in the dentate gyrus. The capability of NSCs to generate 
neurons is promoted by neuronal activity. However, hyperexcitation at the level of epileptic seizures induce 
NSCs to transform into reactive NSCs (React-NSCs), that become multibranched and hypertrophic and 
abandon neurogenesis to enter massively in mitosis and transform into reactive astrocytes that contribute to 
gliosis. We are now exploring signaling mechanisms that control the transformation of NSCs into React-NSCs. 
 
One of the candidates is STAT3 (signal transducer and activator of transcription 3) which plays a critical role 
in astrogliogenesis and NSCs proliferation and differentiation.  We have confirmed by quantitative rtPCR (Q-
rtPCR) that STAT3 is overexpressed and by confocal microscopy that the phosphorylated form (P-STAT3) is 
increased in React-NSCs in a mouse model of mesial temporal lobe epilepsy (MTLE). Further we have 
stablished a model of React-NSCs in culture, which allows an easier manipulation of the STAT3 activity. We 
have confirmed also by Q-rtPCR and by confocal microscopy that these cultured React-NSCs also overexpress 
STAT3 and have more P-STAT3 when compared to control NSCs. 
 
We hypothesize that the inhibition of STAT3 activity will prevent the induction of React-NSCs. To test this 
hypothesis, we are using two strong inhibitors of STAT3 activity: pharmacological agent WP1066 and silibinin, 
the main component of silimarin which is isolated from the seeds of milk thistle (Sylibum marianum). Our 
preliminary results suggest that indeed the inhibition of STAT3 reduces the transformation of NSCs into React-
NSCs, as it decreases their overproliferation as well as their morphological transformation. 
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Large conductance calcium- and voltage-activated potassium channels (BK) are widely expressed across many 
tissues, contributing to many physiological functions. Membrane depolarization and relatively high 
(micromolar) intracellular concentrations of Ca2+ are required for their activation. Such concentrations are 
reached in the vicinity of Ca2+-permeant ion channels, to which BK proteins are closely located in various 
tissues, including the brain. N-methyl-D-aspartate receptors (NMDAR) are sodium (Na+)- and Ca2+-
conducting glutamate-activated ion channels that are functionally coupled to BK channels in the olfactory 
bulb and the dentate gyrus (Isaacson et al., 2001; Zhang et al., 2018), contributing to decreased neuronal 
intrinsic excitability. Recently, we have shown that postsynaptic NMDAR-BK complexes at basal dendrites of 
somatosensory cortex layer 5 pyramidal neurons regulate synaptic transmission and long-term plasticity. 
However, the specific contribution of different NMDAR subunits (NR1 and NR2A/NR2B) to the NMDAR-BK 
interaction remains elusive. Defects in this association may be of pathological relevance in the context of 
syndromes MRD6 (mental retardation, autosomal dominant 6) and EIEE27 (epileptic encephalopathy, early 
infantile, 27), which have been related to mutations in the NR2B-encoding gene (GRIN2B). 
In this work we aimed to understand the role of NR2B subunits in the function of NMDAR-BK complexes and, 
more specifically, if NR2B-related human mutations modify NMDAR-BK coupling. Function of NMDAR-BK 
complexes containing different MRD6- and EIEE27-related NR2B mutations was tested using 
electrophysiology in heterologous expression systems. Proximity between channel proteins within complexes 
was assessed using in situ proximity ligation assays (PLA). Our results reveal some disease-related NR2B 
mutations that reduce the NMDAR-BK interaction, either by altered interactions with the BK channels and/or 
by functional uncoupling between the channels within the NMDAR-BK complexes. 
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Alzheimer’s disease (AD) is characterized by two main biological hallmarks: beta-amyloid aggregates and the 
formation of intracellular neurofibrillary tangles (NFTs). NFT formation is linked to neuronal death and 
cognitive dysfunction. NFTs are composed of abnormally hyperphosphorylated and aggregated Tau protein. 
Tau, a MAPT protein, is essential to maintain molecular dynamics in mature neurons. Aberrant modifications 
of Tau, such as phosphorylation, are associated with a reduction in Tau functionality, the formation of the 
aforementioned NFTs, and the consequent neuronal death. Our laboratory has been focused in the study of 
the Fas apoptotic inhibitory molecule (FAIM-L). FAIM-L is an anti-apoptotic protein only expressed in neurons. 
It has also been involved in non-apoptotic functions such as neuronal pruning and axonal degeneration. We 
have previously reported that FAIM-L is reduced in AD patients and in the APPxPS1 mice model.  
 
In the present study, we show that FAIM-L is only reduced in mice models that show Tau pathology, such as 
P301S and VLW mice. Other AD models, which only present beta-amyloid pathology, do not present FAIM-L 
downregulation. In P301S mice, FAIM-L reduction is observed previously to synaptic deficits (3 months) or 
extensive neurodegeneration (9 months).The mechanism by which aberrant Tau could be reducing FAIM-L 
levels needs further investigation. Here, we demonstrate an interaction between Tau and FAIM-L and propose 
that this reduction could be dependent of Tau phosphorylation status. We hypothesize that FAIM-L reduction 
may enhance the Tau-associated pathology. Using AAVs we aim to overexpress FAIM-L in hippocampus of 
P301S mice and determine the effect of restoration of FAIM-L levels in the progression of the disease. With 
this work would like to establish FAIM-L as a possible new therapeutic target in AD and other Tau-related 
neurodegenerative diseases. 
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Amyotrophic Lateral Sclerosis (ALS) is an adult onset disease that affects motor neurons (MNs) in the cerebral 
cortex, brainstem and spinal cord. Most of ALS cases (~90%) are sporadic, but ~10% of the cases are inherited. 
In approximately 20% of familial cases, the disease is caused by mutations in the gene encoding Cu/Zn-
superoxide-dismutase1 (SOD1). Transgenic rodents overexpressing this mutated gene develop a 
neuromuscular disorder similar to human ALS. 
Afferent inputs to MNs are crucial in regulating their excitability. Among different types of synaptic afferents, 
MNs receive prominent cholinergic C-type (“C-bouton”) inputs from spinal interneurons. C-boutons modulate 
MN excitability, and synaptic transmission throughout C-boutons is involved in the regulation of MN 
vulnerability.  
Some C-bouton-associated molecules appear to be relevant in ALS, like the sigma 1 receptor (S1R) (which 
mutations cause a juvenile familial form of ALS and its pharmacological activation prolongs lifespan of 
SOD1G93A mice) or the NRG1 receptor ErbB4 (which mutation causes another type of FALS). We have 
previously observed that neuregulin-1 (NRG1) accumulates in C-boutons, and described C-bouton alterations 
in a mouse model of ALS. 
NRG1 signaling has been directly targeted in SOD1-ALS mice by virus-mediated delivery of NRG1 typeIII to the 
spinal cord, resulting in extended survival time and reduced C-bouton loss, and gene therapy based on 
intrathecal administration of adeno-associated virus to overexpress NRG1-III in SOD1G93A mice has 
therapeutic role. 
By cross-breeding hSOD1G93A mice and NRG1-type III overexpressor mice (transgenic mice overexpressing 
human influenza hemagglutinin [HA])–tagged full‐length NRG1 typeIII [HA‐NRG1FL]), we created here a 
double transgenic mouse line. In this, we examined changes in body weight and survival, and performed 
behavioral and histopathological studies in spinal cord and skeletal muscles showing no improvement in 
either motor phenotype or lifespan. Our results indicate that the endogenous overexpression of NRG1-typeIII 
the does not ameliorate the SOD1G93A mouse phenotype.  
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Alzheimer disease (AD) is characterized clinically by memory loss and pathologically by amyloid-β (Aβ) 
accumulation, neurofibrillary tangle formation, extensive neuroinflammation, synaptic toxicity and 
neurodegeneration. Recent studies highlight the importance of glial cells on the pathogenesis and progression 
of AD. Among glial cells, astrocytes are fundamental for maintaining homeostasis and protecting neurons but, 
under different pathological conditions, when stimulated by specific factors, acquire different activation 
states that can be protective or harmful. While it is well established that astrocytes undergo profound 
alterations in gene expression, morphology and function during the course of AD, such changes are still poorly 
defined and mostly unknown in the case of human astrocytes.  
To analyze human astrocyte reactive states in the context of AD, we are using the stem-cell technology to 
generate astrocytes derived from human pluripotent stem cells (hPSCs) and in vitro models of AD in which 
astrocytes are exposed to various Aβ challenges. Human astrocyte identity as well as reactivity after Aβ 
stimulation are being characterized at molecular and functional levels with various assays. 
hPSC-derived astrocytes at day in vitro 90 express main markers of astrocytes (GFAP, S100, EAAT1, EAAT2, 
Vimentin and AQP4) without expression of neuron (MAP2) and oligodendrocyte (O4) markers. After 
stimulation with oligomeric Aβ, hPSC-derived astrocytes show a reactive profile that we are characterizing.  
In sum, our approach allows exploration of the human astrocyte reactivity on an AD context and will provide 
insights into the contribution of astrocytes to the pathophysiology of AD. 
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Accumulating genetic, epidemiological, neuropathological and clinical data indicate that alterations in the 
gastrointestinal (GI) function and the gut microbiota represent a risk factor for Parkinson’s disease (PD). 
Changes in the bidirectional communication between the gut and the brain can affect both the enteric 
nervous system and the central nervous system, which might have important implications in understanding 
disease pathophysiology and for the development of disease modifying therapeutic strategies. However, the 
precise molecular mechanisms underlying this bidirectional communication in the context of PD are not fully 
understood.  
In order to clarify how GI dysfunction is involved in disease pathogenesis and/or in modulating the 
manifestation of PD symptoms, we have characterized the GI function and the key mechanisms involved in 
the gut-brain axis of a new humanized transgenic PD mouse model (Tg-Th-hTyr). This model is based in the 
progressive accumulation of neuromelanin in all catecholaminergic nuclei of the brain, including the dorsal 
motor nucleus of the vagus nerve innervating the GI system. We have performed a battery of motor and non-
motor behavioral tests to assess the phenotype of these animals, including the GI function. In addition, we 
have evaluated gut dysbiosis in fecal samples by 16S RNA gene sequencing and intestinal inflammation using 
cytokine profiling and histological examination of Tg and wild-type (wt) littermates.  
Our results show impaired motor activity in Tg mice compared to wt littermates at 6 months of age. We also 
detected increased fecal output in Tg mice placed in a novel environment, suggesting alterations in the 
hypothalamic-pituitary-adrenal (HPA) axis. In the same line, we observed a significant increase in body weight 
and water/food intake in Tg mice. Our results indicate that the gut-brain axis is altered in neuromelanin-
producing transgenic mice and that this novel PD model can contribute to clarify the role of gut dysfunction 
in PD pathogenesis.  
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Huntington’s disease (HD) is a currently incurable neurodegenerative disease primarily characterized by the 
loss of medium spiny neurons  in the striatum. Cell replacement therapy is the only approach currently 
focused on structural and functional restoration of atrophied tissue in HD by replenishing the degenerating 
MSN population.  
 
Human pluripotent stem cell (hPSC)-derived neural progenitors can relieve motor deficits in animal models 
of HD; however, clinical translation of protocols is still limited by the heterogeneity of cell products. Cell 
sorting is considered instrumental to ensure reproducible generation of defined cell products. Here, we 
describe that marker X is a cell surface marker suitable for enrichment of hPSC-derived striatal neuroblasts.  
 
Based on this, we have successfully set up and optimized an immunomagnetic sorting pipeline which allows 
for high-yield enrichment of striatal neuroblasts in heterogenous cell populations resulting from in vitro 
differentiation. We have demonstrated that the implementation of this approach leads to a reduction of not 
only the heterogeneity of the final cell product, but also of batch-to-batch variation in both control and HD 
cell lines. Furthermore, we have proved the versatility of our strategy showing that different neuroblast 
subtypes can be enriched under different conditions. 
 
Selected neuroblasts from control and HD cell populations have been characterized in vitro in terms of their 
identity and potential to generate different neuron subtypes after striatal differentiation. Furthermore, we 
have transplanted these neuroblasts into the striatum of adult mice and observed evidence of their in vivo 
survival and integration into the striatum up to one-week post transplantation. 
 
In conclusion, we anticipate that X-based cell sorting prior to transplantation has the potential to enable the 
development of safer and more reproducible cell products to be used for clinical cell replacement strategies 
in HD.  
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Chorea-acanthocytosis (ChAc) is caused by a VPS13A gene mutation leading to marked reduction or absence 
of VPS13A protein. ChAc patients show progressive movement disorders such as chorea and dystonia. The 
main neuropathologic feature in VPS13A mutations is a selective degeneration of the striatum, however, little 
is known about the VPS13A expression in the brain. There is also a poor knowledge about VPS13A function in 
neural cells. Thus, the objectives of this work are a) to assess the time course and the regional expression of 
vps13a gene in the mouse brain and b) to study the vps13a interaction partners. Single cell RNA showed that 
vps13a is present in mature neurons and qPCR revealed that vps13a expression is stable over time. Then, we 
used fluorescence in-situ hybridization and immunohistochemistry to determine the distribution of vps13a 
mRNA and protein in mouse brain from embryonic stages to adulthood. In the adult mouse brain, we found 
a widespread distribution of vps13a, with different staining intensity profiles between nuclei. In general, the 
mRNA localization resembled that of the protein one with an enrichment in the pons, cerebellum and 
hippocampus. We found moderate staining in the cortex and in the most thalamic and hypothalamic nuclei. 
Interestingly, we found weak staining in the basal ganglia nuclei. We observed vps13a staining in 
glutamatergic, GABAergic and cholinergic neurons. Not only neurons but also some glial cells expressed 
chorein. The levels of vps13a protein were not modulated neither by pilocarpine, amphetamine nor ketamine 
treatments, suggesting that VPS13A has structural and stable role in neural cells. We also evaluated the 
vps13a interactome through a specific protein immunoprecipitation from mouse cerebral cortex followed by 
mass spectrometry. Vps13a interacts with lipid metabolism proteins. Understanding the brain tissue 
distribution, expression and protein interacting partners can provide novel insights toward the knowledge of 
ChAc pathophysiology. 
 
Supported by Spanish Ministry of Science and Innovation (SAF2017-88076), European Union Horizon 2020 
Research and Innovation Framework Programme Grant Agreement No. 863214 and Fundación ChAc.
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Major depression (MD) is a common, relapsing mental illness that affects millions of people worldwide. One 
of the most studied risk factors associated with MD is chronic stress. Current treatment is ineffective in 30% 
of patients so there is a need to fully understand the pathophysiology of MD. The role of the microbiota-gut-
brain axis in regulating stress-response is emerging as a particular area of interest.  
 
Here, we want to evaluate if the changes induced by stress are accumulative and time dependent. To do so, 
we divide our mice into control non-stressed (NS), short-term stress mice (STS) and long-term stress mice 
(LTS). STS mice received only two days of stress whereas LTS mice underwent the chronic unpredictable mild 
stress protocol (CUMS) for 28 days. After the stress protocol, we analyse the biochemical, behavioural, and 
microbial changes induced by stress. 
 
Results indicate that LTS induces much more severe depressive-like symptoms than STS as demonstrated in 
the body weight, the fur appearance, and in the anxiety levels in the open field. Moreover, biochemical 
analysis reveals huge differences depending on the duration of the stress. The study of the microbiome in 
faeces also shows that the changes in the microbiota are mostly observed in chronically stressed mice. 
  
In summary, our work suggests that there is a progression in the biochemical, behavioural and microbial 
changes induced by stress. Future work trying to restore the microbiome alterations will allow us to better 
understand the importance of the gut-brain axis in response to chronic stress. 
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In Parkinson’s disease, the neurodegenerative process of nigrostriatal cells involves the activation of striatal 
astrocytes. However, the possible causal relationships between striatal astrocytosis and nigrostriatal 
degeneration remain unclear. Here we hypothesized that striatal astrocytosis may be directly induced by 
excessive corticostriatal activity.  
To test this hypothesis, we performed descriptive and causal experiments in wild-type mice. Our primary 
outcome measure was the immunohistochemical expression of glial fibrillary acidic protein (GFAP), which is 
a sensitive marker of striatal astrocytosis in animal models of nigrostriatal degeneration. 
First, we found that the normal antero-posterior and medial-lateral organization of GFAP in the dorsal 
striatum corresponds to the known topography of corticostriatal projections from the sensorimotor cortex. 
Second, by chemogenetically manipulating corticostriatal activity with designer receptors exclusively 
activated by designer drugs (DREADDs), we observed that chronically increasing corticostriatal activity for 3 
weeks increases GFAP expression in the receiving striatal areas. 
These results suggest that excessive corticostriatal activity by itself can produce striatal astrocytosis, thus 
representing a possible top-down stressor in Parkinson’s disease. 
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Maladaptive coping behaviors are probably involved in post-traumatic stress disorders (PTSD), but underlying 
mechanisms are incompletely understood. We previously documented that insulin-like growth factor I (IGF-
I) is associated to vulnerability to stress both in mice and humans. Since hypothalamic orexin neurons express 
IGF-I receptors and are involved in responses to stress, we analyzed their role in the modulatory actions of 
IGF-I on stress.  
Anxiolytic actions of IGF-I were measured after exposure to a predator using osmotic minipumps implanted 
icv in mice lacking IGF-I receptors in orexin neurons (Firoc mice). Firoc mice were submitted to fear 
conditioning and thereafter to c-Fos immunostaining in orexin neurons and noradrenergic neurons of the 
locus coeruleus nucleus. Chemogenetic (DREADD) inhibition of orexin neurons was carried out in fear 
conditioning and in an extended protocol including context recall and anhedonia tests. Molecular changes 
related to PTSD were determined by qPCR at different time points. Moreover, excitatory/inhibitory (E/I) 
balance in orexin neurons was analyzed by immunocytochemistry.  
We found that Firoc mice are unresponsive to the anxiolytic actions of IGF-I and develop PTSD-like behavior 
that is ameliorated by inhibition of orexin neurons. Further, systemic IGF-I treatment ameliorated PTSD-like 
behavior in a wild type mouse model of PTSD. In addition, systemic IGF-I increased the E/I ratio in orexin 
neurons of naïve wild type mice by increasing the dephosphorylation of GABA(B) receptor subunit through 
inhibition of AMP-kinase (AMPK). Significantly, pharmacological inhibition of AMPK mimicked IGF-I, 
normalizing fear behavior in PTSD mice.  
Collectively, these results suggest that IGF-I enables coping behaviors by balancing E/I input onto orexin 
neurons in a context-dependent manner. These observations provide a novel therapeutic approach to PTSD 
through modulation of AMPK. 
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17β-Estradiol is a sex hormone with well-reported effects on excitatory neurons and networks. However, our 
understanding on how this hormone affects inhibitory circuits and interneurons, namely O-LM cells, is still 
scarce. The somata of these cells are placed in the stratum oriens of the hippocampus and they innervate 
pyramidal neurons in the stratum lacunosum moleculare. They express somatostatin, display dendritic spines, 
and show high structural plasticity and dynamics modulated by the plasticity-related molecule PSA-NCAM. 
Furthermore, they contribute to the modulation of theta oscillations and receive direct input from the 
entorhinal cortex, altogether highlighting their importance. GIN mice are a great tool to study these neurons 
because they express constitutively GFP in a Golgi-like manner. Therefore, to study the effect 17β-Estradiol 
has on their structural plasticity and its regulation by PSA-NCAM, we used adult female ovariectomized mice 
of this strain. We show that the replacement treatment decreases the expression of PSA-NCAM in strata 
oriens and lacunosum moleculare, where these interneurons are located, as well as increases the density of 
inhibitory markers around these cells. Furthermore, it also increases the density of their axonal boutons, as 
well as lowers the density of their dendritic spines only in O-LM interneurons lacking PSA-NCAM expression. 
To further research these effects, we also performed entorhino-hippocampal organotypic cultures in order to 
image in real time these cells and study their structural dynamics being modulated by this hormone. Here we 
show a decrease of the appearance rate of dendritic spines, while the disappearance and stability rates 
remained unchanged. Altogether our results underscore the effect 17β-Estradiol has on the structural 
plasticity of these interneurons and how it is modulated by PSA-NCAM. 
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Neuroinflammation is emerging as a cause of the pathogenesis of neurodegenerative diseases [1-4]. Recently 
we proposed an innovative strategy to image microglia and astrocyte activation in grey matter using diffusion-
weighted Magnetic Resonance Imaging (dw-MRI) by building a microstructural multi-compartment tissue 
model based on glial morphology [5]. However, the capability of the framework to tease apart inflammation 
with and without neuronal damage was still to be evaluated. Therefore, our objective is to probe the 
feasibility of the framework for characterizing the inflammatory tissue state under neurodegeneration. To 
this end, we used a hippocampal rat neurodegeneration model through injection of ibotenic acid where dw-
MRI and immunohistochemistry data were compared. 
Nine rats were injected bilaterally in the dorsal hippocampus with 1 μl Ibotenic acid 2.5 μg/μl in one 
hemisphere, and 1 μl vehicle in the contralateral. After 14 days post-injection, the rats were scanned in a 
Bruker 7T MRI scanner using a dw-MRI sequence to extract the imaging biomarkers defined in [5] and 
immediately perfused for ex-vivo quantitative immunohistological analysis of microglia, astrocytes, and 
neurons. 
As expected, neuronal staining (NeuN+ cells) was strongly reduced in the ibotenic injected hippocampus 
(P<0.001). Concomitant with the neurodegeneration, we found a strong microglia reaction (Iba1+ cells) 
characterized by retraction and dispersion reduction of cell processes (P<0.0001; P<0.05, respectively), 
together with an increase in cell density (P<0.0001). Notably, distinct water diffusion in the different 
compartments of the developed microstructural tissue model was able to detect and quantify all aspects of 
the microglial reaction (increased density; P<0.05 and decreased processes number; P<0.001 and dispersion; 
P<0.01) regardless of neuronal degeneration and identified a neurodegeneration fingerprint when it 
occurred. 
This framework has the potential to disentangle glial activation with and without neurodegeneration and 
holds great promise to become a sensitive and specific non-invasive tool for characterizing 
neuroinflammation longitudinally and non-invasively. 
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Non-invasive brain stimulation (NIBS) techniques have been used for more than a decade to treat various 
diseases by the modulation of electrical activity in the cerebral cortex. NIBS could employ electrical 
stimulation or electromagnetic fields, such as static magnetic stimulation (tSMS). Recently, several studies 
have been reported that the application of tSMS on different cortical areas modulates its excitability and 
generally causes inhibitory effects on neuronal activity.  
Our experimental hypothesis is that tSMS application over visual cortex (VCx) changes neuronal excitability in 
this area. For the evaluation of tSMS effects, we obtained the threshold for the generation of phosphenes by 
single pulses of transcranial magnetic stimulation (TMS) which has been largely employed as a measure of 
VCx excitability.  

Twelve healthy volunteers participated in this study (eight females; mean and SD age 36.8 士 10.6 years, 

range 22-57 years), recruited by local advertisement. Experiments were carried out in a real-sham, double-
blinded randomized crossover study. The intervention was tSMS (or sham) applied over the occipital cortex 
(centered over the Oz position of the EEG 10-20 system). Intervention was performed by using a magnet 
(strength 120-200 mT at 2-3 cm from the scalp) or non-magnetic cylinder for sham intervention. The effect of 
the tSMS intervention (real vs. sham) was tested in two experimental sessions. In each session, subjects were 
seated in a chair in a dark room and blindfolded, and they were habituated to darkness for at least ten 
minutes. We assessed VCx excitability by single-pulses of TMS (≤ 0.1 Hz, circular coil) over VCx to calculate the 
intensity threshold for phosphenes generation. Phosphenes threshold was calculated before and immediately 
after tSMS intervention (or sham).  
Subjects were not able to identify any difference between the magnet and sham sessions. No effects were 
found in the intensity threshold for phosphenes production after 10min tSMS. 
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Beta amyloid peptide (Aβ) is one of the main promoters of Alzheimer’s disease. Originally, this protein is 
soluble, but it tends to self-aggregate, forming increasingly complex and insoluble structures that give rise to 
the characteristic senile extracellular plaques. Thus, Aβ is one of the main therapeutic targets, though none 
of the tried treatments to date has been effective. 
Soluble Aβ is in constant equilibrium between the cerebrospinal fluid (CSF) and the interstitial fluid (ISF) in 
the brain parenchyma. We have previously proposed a new therapeutic strategy based on the removal of Aβ 
from the CSF, displacing the equilibrium, and decreasing the Aβ concentration in the brain parenchyma. To 
achieve this, we have designed tailored nanomembranes for Aβ nanopheresis. In this study, we evaluated 
nanomembranes permeability to Aβ and their impermeability to specific therapeutic agents against Aβ, such 
as anti- Aβ antibodies, albumin and neprilysin. 
To this end, the nanomembranes were attached to a permeation chamber separating two cells: a donor cell, 
containing either the diffusible Aβ or the therapeutic agent dissolved in artificial CSF (aCSF), and an acceptor 
cell, containing only aCSF. The system was left for a maximum period of 72 hours and the levels of Aβ, and 
therapeutic agents were determined by ELISA. Our results showed that Aβ peptide diffuses through the 
nanomembrane, from the donor to the acceptor cell, whereas none of the therapeutic agents appeared in 
the acceptor cells. These observations support the use of nanomembranes for Aβ nanopheresis in the CSF, 
thus avoiding the side effects described for therapeutic agents when delivered systemically.  



 

PS4-91 
Adjusting and validating a procedure for parenteral anaesthesia in neonatal 
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In rodents, parenteral anaesthesia is only approved for pups over 7 days of age. By contrast, for neonatal pups 
only hypothermia and gas anaesthesia (halothane or isofluorane) can be used, as parenteral agents are said 
to cause high mortality rates. However, for experiments requiring long-term anaesthesia and a certain kind 
of interactions with the pups, the use of parenteral anaesthesia becomes necessary.  
Here we aim at modifying the parenteral anaesthesia doses and procedures approved for pups >7 days , to 
anaesthetize pups for a long period with reduced mortality rates. The experiment was performed on postnatal 
day-3 (P3) and P4 pups and the anaesthetic doses used were 37.5 mg/kg+3.75 mg/kg ketamine+xylazine and 
50 mg/kg+5 mg/kg. These doses are lower than the ones employed for >P7 pups, thus ensuring reduced 
mortality. 
Anaesthetic was injected intraperitoneally, pups were placed in a box maintained at 37ºC, and their behaviour 
was video-recorded for 70 minutes. We measured the latency to absolute immobility, the latency to the first 
movement and the latency of awakening (continuous movement). For those pups not moving at the end of 
the experiment, we applied pressure to the paw and registered if they responded (yes/no). Pups were then 
returned to their nest and their survival was checked the next morning. 
The results show that both anaesthetic doses are optimal for P3 and P4 pups, ensuring as much as 3000-to-
3500 seconds of complete immobility for 50% of the pups. As expected, the latency of complete immobility 
shows significant, negative correlation with the duration of anaesthesia. In addition, the latency of awakening 
is similar in P4 pups independently of the dose, but differs significantly between doses in P3 pups. This 
indicates that younger pups are more sensitive to the dose of anaesthetics. Mortality is low (6%) and does 
not depend on the dose or age. 
Funding: Generalitat Valenciana PROMETEO/2017/078 & GV/2020/173; Spanish Ministry of Science and 
Innovation PID2019-107322GB-C21; Universitat Jaume I UJI-A2019-14 
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Brain organoids were first generated by Lancaster et al.  following a protocol which set the basis for human 
brain organoid generation. Since then, other groups have made modifications over this protocol in order to 
improve the organoids features or to get specific brain regions. Pașca et al. developed a protocol to get a 
cortex-like phenotype. They used SB-431542, an inhibitor of Transforming Growth Factor-β (TGF-β); and 
Noggin, an antagonizer of bone morphogenetic protein (BMP) in order to double-inhibit the TGF-β pathway 
and achieve a rapid neural induction. Later, other key factors have been described: Ascorbic Acid (AA) to 
prevent oxidation and CHIR99021, a Glycogen Synthase Kinase3β (GSK3β) inhibitor, which activates WNT 
signaling and promotes neural induction and neuroepithelial proliferation. We wonder whether the 
combination of these factors could improve and accelerate the neuroepithelium formation in order to get a 
more efficient and reproducible protocol. The organoids were generated from a human Embryonic Stem Cell 
(hESC) line, AND-2. We obtained a rapid neural induction, avoiding the Embryoid Body stage, which resulted 
in a direct and efficient neuroepithelium formation. With this purpose, we performed IHC and Q-RT-PCR 
assays for the typical neural precursor markers. We also quantified the number of organoids that formed this 
neuroepithelium and almost the 100 percent of them were positive, which means that our protocol permits 
to get homogenous organoids of similar sizes. We also performed IHC and Q-RT-PCR for additional neuronal 
markers at later stages and we obtained the typical Ventricular Zones (VZs) with the characteristic radial 
structure. All these results show that our protocol improves the efficiency and reproducibility of the 
traditional protocols used so far and simplifies the tedious and costly methodology that have been developed 
until now. 
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The insulin-degrading enzyme (IDE) is a metalloprotease highly expressed at major sites of insulin 
degradation, but surprisingly also markedly expressed in the brain. IDE has been described to cleave not only 
insulin but also amyloid beta (Aß) peptides, which makes this enzyme a good candidate acting as a 
pathophysiological link between Alzheimer’s disease and Type 2 diabetes.  
To address the role of IDE in vivo we performed a comprehensive analysis of metabolic, behavioral and 
molecular parameters on a cohort of 12-month-old wild-type, heterozygous and knockout mice for the Ide 
gene. The open field test indicated that the partial or total absence of IDE does not produce significant 
abnormalities in the behavior of mice, while memory tests revealed sex- and genotype-dependent 
differences. We are currently performing a histological analysis to assess gliosis in the hippocampi of these 
mice and a multivariable analysis integrating all variables measured to construct a model that accounts for 
differences between genotypes. We then moved to in vitro studies to decipher the role of IDE specifically in 
primary microglial cells, master regulators of the neuroinflammatory response associated with brain 
degeneration and the main Aß-degrading cells. IDE absence significantly decreased microglial proliferation 
and delayed its response to the mitogen M-CSF. Cytokine production by Luminex assay revealed that IDE-KO 
microglial cells have impaired polarization under both pro-/anti-inflammatory stimuli, are more sensitive to 
oxidative stress, and exhibit a sex-specific pro-inflammatory response to Aß oligomers. Regarding Aß 
managing, amyloid phagocytosis was unchanged, but Aß degradation was diminished in IDE-KO microglia.  
Our results indicate that IDE plays significant sex-dependent roles in memory tasks, and in microglial cells. IDE 
shows prominent functions in inflammatory polarization, microglial proliferation and Aß oligomers 
degradation, which makes IDE a potential therapeutic target for neurodegenerative processes.  
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The brain is surveyed by microglia, resident phagocytes that show complex phenotypes. Microglia degrade 
injury-related cell debris, and their secreted factors modulate the immune response and tissue repair. 
Apolipoprotein D (ApoD) is secreted by astrocytes and myelinating glia upon injury, altered proteostasis or 
oxidative stress (OS). ApoD helps to maintain lysosomal functional integrity, contributes to cell survival, and 
optimizes macrophage phagocytosis. 
Microglial cells do not express ApoD, neither in homeostatic conditions nor upon experimental OS. By adding 
exogenously ApoD, we found that it rapidly internalizes into BV2 microglial cells and exerts a pro-survival 
effect upon acute challenges of OS or β-amyloid oligomers. Following internalization, ApoD locates in 
vesicular cell compartments. We found a partial colocalization of ApoD with the lysosomal/endosomal marker 
Lamp-2, prompting further investigations on the protein traffic within microglial cells and its function in 
phagocytosis. We evaluated the phagocytic activity of BV2 cells upon exposure to myelin purified from wild 
type and ApoD-KO mouse brains. The presence of ApoD in phagocytosed myelin, or pre-exposure of microglia 
to exogenous ApoD, conditions phagocytosis efficiency and rate of myelin degradation, which was quantified 
by immunofluorescence, flow cytometry and immunoblot. ApoD influences the process in different ways 
depending on whether the cell is already “primed” with internalized ApoD, or ApoD enters the cell associated 
to the phagocytosed myelin. Multiplex analysis of cytokine production by primary microglial cells reveals that 
ApoD stimulates TNFα response to OS and Aβ oligomers, but not to LPS. Modulation of IL-4 production is 
stimulus- and sex-dependent. ApoD inhibits IL-4 secretion by male microglia in control and OS situation, but 
not upon Aβ exposure, while it has no influence on IL-4 secretion by female microglia. Understanding how 
ApoD acts on microglia, modulating its polarization and phagocytic activity upon disease-related stimuli is key 
to assess its neuroprotective potential. 
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Repair mechanisms of cell membranes are critical for maintaining their roles as selective barriers and for an 
efficient communication and transduction of biological messages between and within cells. Plasma and 
lysosomal membranes contain specialized detergent-resistant domains (DRMs) rich in sphingomyelin, 
cholesterol and gangliosides. Maintenance of these membranes is of special relevance for the nervous 
system, where most neurons are long-lived cells, with a membrane-centered physiological role, and 
continuously challenged by oxidative stress and toxic catabolites. 
The Lipocalin Apolipoprotein D (ApoD) is expressed by glial cells, secreted to the extracellular milieu, 
internalized by glia and neuronal cells, and targeted in a finely controlled way to the subset of lysosomes most 
sensitive to oxidative stress. 
In this work we use membrane and isolated DRM preparations from whole brain, primary astrocytes, and glial 
and neuronal cell lines. Binding of purified ApoD to membranes of non-expressing neurons in vitro and ApoD 
detection in DRMs allow us to assay biochemical parameters on which ApoD-membrane interactions 
depends. We use fluorescence immunocytochemistry and confocal microscopy to test protein subcellular 
localization and the MTT assay to quantify cell viability. 
We demonstrate that ApoD is stably associated to a particular subset of DRMs with specific buoyancy 
properties, co-fractionating with both plasma and lysosomal membrane markers. The association of ApoD 
with isolated neuronal and glial membranes is stable under metabolic and acute oxidative stress conditions. 
We have tested if Basigin (Bsg), a transmembrane glycoprotein reported to be an ApoD receptor, is required 
for ApoD-membrane association and endocytosis-dependent uptake. Using a Bsg-KO astrocytic cell line, we 
conclude that neither ApoD interaction with DRMs, nor its internalization, are dependent on Bsg in astroglial 
cells. Our current analysis centers on the dependency of membrane lipid composition, since the molecular 
nature of ApoD-membrane interaction is an important issue to fully understand its neuroprotective 
mechanism. 
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The amygdala is a very complex structure, essential for emotion and social behavior. In particular, medial 
extended amygdala is involved in different aspects of social behavior (such as sexual, parental and aggressive 
behaviors). Research focused on its functional organization is important to understand the biological bases of 
the normal and pathologic development of social behaviors. The organization of this area is a consequence 
of two processes which act at different temporal scales: development and evolution. Using an evolutionary 
developmental neurobiology approach, our group recently identified a new embryonic domain at the 
transition between telencephalon and hypothalamus, that coexpress Otp and Foxg1, and produces most of 
the glutamatergic cells of the mouse medial extended amygdala. To investigate if this domain is also present 
in reptiles, we analyzed the expression of the transcription factors Otp and Foxg1, during brain development 
in the lacertid lizard Psammodromus algirus. Our results showed an area of Otp/Fogx1 expression overlap, 
with coexpressing cells that spread into the medial extended amygdala of P. algirus. This suggests the 
existence of a highly conserved neuron subpopulation in the medial extended amygdala of amniotes, and 
opens the venue to study its specific function and interaction with other neurons of the social behavior 
network. Funded by Ministerio de Ciencia e Innovación (PID2019-108725RB-100) and a Collaboration 
Fellowship in Research of the Ministerio de Educación (Beques de col·laboració universitària per al curs 2019-
2020, COLAB 2019). 
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Two stem cell niches are still producing new neurons in the adult mammalian brain: the subventricular zone 
(SVZ) and the subgranular zone (SGZ) of the hippocampal dentate gyrus. Neural stem cells (NSCs) in these 
adult niches are preserved in a quiescent state. Dentate neural progenitors acquire a radial-glia like 
morphology and enter quiescence (qNSCs) during the early postnatal period. Later on, they regain 
proliferation in order to generate new neurons. The first step in neuronal production in the adult neurogenic 
niches is indeed the transition of qNSCs into an activate state (aNSCs). The implication of constitutive (basal) 
autophagy in the regulation of this transition in the mature brain and in NSC metabolism and protein quality 
control are beginning to be addressed.  
 
In this work, we explored the role of the autophagy-lysosomal pathway in the maintenance of quiescence and 
in the regulation of proteostasis in NSCs from the SGZ. We performed in vitro experiments using NSCs in two 
different states: active or quiescent (4 days treatment with BMP4). Our results showed that quiescent cells 
have a higher overall protein content and more cytoplasmic protein aggregates. On the other hand, genome-
wide microarray transcriptional analysis and RNAseq analysis showed an increase in the expression of genes 
related to the autophagy-lysosomal pathway in qNSCs vs. aNSCs. Moreover, not only the levels of autophagic 
proteins (LC3II, p62) are increased in qNSCs but also, there is a raise in the activity of autophagic-inducing 
kinases (AMPK, ULK1). Experiments with the autophagy inhibitor (Bacilomycin A1) and activator (Metformin) 
showed that basal autophagy is required to maintain the quiescent state. In addition, NSCs (Glast+ cells) 
prospectively isolated from mouse hippocampus at different postnatal ages allowed us to validate the in vitro 
findings.  
 
In conclusion, our data demonstrate that basal autophagy is increased in qNSCs and that it has a role in the 
maintenance of quiescence. Currently, genetic and pharmacologic in vivo experiments are ongoing in order 
to complete this study. 
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During critical periods of brain development, synaptic and circuit refinement is driven by sensory experience. 
Both presynaptic and postsynaptic refinements involve loss and strengthening of synaptic contacts but how 
these processes are coordinated remains obscure. The non-canonical NMDA-receptor subunit GluN3A is 
thought to determine the timely remodelling of these circuits, but how it operates in specific brain circuits 
has not been addressed.  Here we are investigating the roles of GluN3A in presynaptic and axonal refinement. 
We analyse interhemispheric callosal projection axons via in utero electroporation of the mouse 
somatosensory cortex with transgenic labelling. Analysis at different postnatal (P) days showed that initial 
extension and innervation of the contralateral cortex by callosal axons is not affected in GluN3A knockout 
(KO) mice with similar patterns to wild-type mice at P4 and P6. At P8, differences begin to arise in axon arbor 
density in layers 2/3 of the somatosensory S1/S2 border region, relative to other target layers. By P13, when 
a more mature configuration is reached, GluN3A KOs show a significantly different callosal axon cortical 
profile with arbors concentrating towards inner positions within L2/3 relative to wild-type that profusely 
innervate layer 1. This altered distribution of callosal axon arbors persisted at P20-22. Additionally, P13 and 
P20-22 GluN3A KOs display increased targeting in S2 as shown by the appearance of a second column 
displaying strong labelling. Ongoing experiments are testing for the cellular locus of GluN3A function within 
this circuit using specific manipulation in presynaptic or postsynaptic neurons in floxed-GluN3A mice lines. 
Potential candidate mediators of altered axonal refinement have been previously identified through RNA-seq 
experiments and some candidates show corresponding changes at the protein level. Future work involving 
chemogenetic and sensory deprivation approaches aims to determine activity and experience dependent 
roles within this GluN3A-affected axonal development.  
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Chlorpyrifos (CPF) is one of the most widely used organophosphate pesticide in agriculture. Inhibition of 
acetylcholinesterase is the best described mechanism for CPF neurotoxicity. 
Chemical exposure during developmental stages can interfere with the proper development of the nervous 
system resulting in functional alterations or diseases during the lifespan of the individual and thus, resulting 
in developmental neurotoxicity (DNT). Despite the large body of results on animals, these studies are costly, 
time consuming and the results are not always reliable to assess the impact of chemical compounds on the 
developing human because animal models do not perfectly reflect human physiology. It remains clear that 
there is a growing necessity for developing alternative methodologies that can better identify and assess 
chemical substances with the potential to induce neurotoxicity during brain development and maturation.  
Human stem cells are currently being a model that promises to be very useful in evaluating this type of toxicity 
and may be a valuable tool for DNT. In this study, the cell line hNS1 was used to evaluate the effects of CPF 
on early developmental stages. hNS1 cells were exposed to different concentrations of the pesticide and cell 
death, proliferation and cell fate specification were analyzed under differentiation conditions. The results 
showed that this compound induces apoptotic cell death at the highest doses tested. Besides, CPF promoted 
the differentiation of hNS1 cells into glial cells by increasing the pool of proliferating glia progenitors. This 
effect may be associated with a protective effect of glia against CPF.  
In addition, we used brain organoids derived from human induced pluripotent stem cells (hiPSCs) to see if CPF 
has the same effects as in hNS1. We found that CPF induced cell death at the high dose tested and a decrease 
in the number of neurons and glial cells 
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The E3 ubiquitin ligase APC/C-Cdh1 plays a key role in the developing brain, where it regulates the onset of 
neurogenesis during gestation (Delgado-Esteban et al, 2013). Whereas neurogenesis is complete at birth, 
synaptogenesis and myelination occurs during the postnatal brain growth. Recently, we described a novel 
human missense mutation in Cdh1 protein, which results in microcephaly, psychomotor retardation and 
refractory epilepsy (Rodríguez et al, 2019), alterations directly related to synapse dysfunction and 
hypomyelination (Repudi et al, 2021). Moreover, the APC/C-Cdh1 target, Rock2 (Bobo-Jiménez et al, 2017), 
negatively regulates myelination (Muñoz-Esquivel et al, 2019). Here, we study the role of APC/C-Cdh1 activity 
on oligodendroglial lineage and myelination in the postnatal brain. 
We used Nestin-Cre Cdh1 conditional KO model by mating mice harboring a floxed allele of the Cdh1 gene 
with Nestin-Cre animals, which express Cre recombinase in neural cells from embryonic day 11. 
Oligodendrocyte, myelination and myelin sheath were analyzed by electron microscopy, 
immunohistochemistry, and western blotting. 
Cdh1 deletion results in brain morphology alterations, mainly including microcephaly, severe hydrocephalus 
and ventriculomegaly, which becomes more pronounced during postnatal growth. Magnetic resonance T2 
value at P21 (21 postnatal days) showed less cellular density and corpus callosum dysgenesis. In fact, Cdh1 
cKO mice presented lower oligodendrocyte lineage cells in cerebral cortex, evidencing disorders in 
myelination process. Immunohistochemical Myelin Basic Protein (MBP) staining confirms corpus callosum 
agenesis and hypomyelination in P21 cortex. Moreover, P7 Cdh1 cKO mice presented less myelinated pons 
and midbrain areas, than wild-type mice, suggesting myelination delay. Finally, myelin ultrastructure analysis 
at P21 revealed decompacted and disrupted myelin sheath, compromising axon integrity. 
Then, APC/C-Cdh1 activity regulates postnatal myelination, which highlights the impact of Cdh1 in the 
pathogenesis of neurodevelopmental myelin disorders.  
Funded by ISCIII (PI18/00265; RD16/0019/0018) FEDER; SG is funded by IBSAL and VB is funded by Junta de 
Castilla y Leon (Escalera de Excelencia CLU-2017-03, Cofinanciada por el P.O. FEDER de Castilla y Leon).  
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The pathological implication of Amyloid Precursor Protein (APP) in Alzheimer’s disease has been widely 
documented due to its involvement in the generation of amyloid-β (Aβ) peptide. However, the physiological 
functions of APP are still poorly understood. 
 
APP is a type I transmembrane glycoprotein widely expressed in the central nervous system (CNS) and is 
encoded by a single gene located on chromosome 21. Due to its role in a wide variety of processes, APP is 
considered by various authors as a multimodal protein. Specifically, APP seems to be implicated in neural 
development of CNS, playing a key role in the proliferation, differentiation, cell fate specification and 
maturation of neural stem cells (NSCs). 
 
We have examined the endogenous APP expression in hNS1 cells, a model cell line of human NSCs, both under 
proliferation and throughout the differentiation period. Our results show elevated APP-immunoreactivity in 
hNS1 cells and, to investigate the potential function that APP plays in biology (proliferation, differentiation, 
cell fate specification and cell death) of human NSCs, we performed a loss-of-function study. To achieve the 
down-expression of APP, we used a commercial siRNA against human APP and we transfected it into hNS1 
cells. Our data indicate that low levels of APP induce hNS1 cell fate towards a neuronal phenotype, while 
decreasing glial differentiation. Moreover, according our results, these effects could be, in part, mediated by 
β-catenin protein. 
 
The knowledge of physiological functions of APP, as well as the possible signaling pathways that could be 
implicated, are essential to advance the understanding of the pathogenesis of AD.
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Cortical development occurs by a series of proliferation and differentiation waves in a tightly regulated and 
coordinated process that ensures the appropriate formation of specific neuronal populations. Developing 
projection neurons migrate to their final layer location and after functional maturation and axon growth 
integrate in specific circuits. The endocannabinoid system exerts a neurodevelopmental regulatory role. 
Endocannabinoid production and CB1 receptor signalling regulates different processes including neural 
progenitor proliferation and identity, neuronal differentiation, and migration. Prenatal transient CB1 receptor 
knockdown causes alterations in neuronal morphology and interferes with radial migration, leading to greater 
seizure susceptibility in adulthood. To understand the consequences of defective embryonic CB1 receptor 
signalling in projection neuron development we performed gene expression analyses (microarray) of 
fluorescent FACS-sorted neurons at different times after siCB1 and control-siRNA in utero electroporation. In 
parallel we performed pathclamp electrophysiological analyses of delayed siCB1 neurons. We found that CB1 
receptor knockdown induced gene expression changes with many downregulated transcripts involved in 
biological processes related to neurogenesis, axon growth and guidance, adherens junction, signalling 
mechanisms (PI3K/AKT/mTor signaling) and cell fate regulation. CB1 receptor knockdown neurons that 
migrated incorrectly, possess decreased firing frequency and less excitability, compared to control neurons. 
Ongoing studies aim to elucidate the causative gene expression changes responsible of defective neuronal 
maturation induced by CB1 signalling blockade. In summary, our findings describe the neuronal adaptations 
induced by cannabinoid CB1 receptor silencing at gene expression and functional level. The observed 
alterations of neuronal development have important implications for the understanding of 
neurodevelopmental disorders and the consequences of prenatal THC exposure. 
 
This study has been funded by Instituto de Salud Carlos III through the project "PI18/00941" (Co-funded by 
European Regional Development Fund, "A way to make Europe"). 
SSS is granted by ISCIII ("FI19/00187"), co-funded by European Union (ESF, "Investing in your future"). 
This project was funded by Epilepsiefond project number WAR 17-11. 
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Amyloid-β 40 peptide [Aβ1-40 (Aβ40)] is present within the amyloid plaques in brains of patients with 
Alzheimer’s disease (AD). Even though Aβ peptides are considered neurotoxic, they can mediate many 
biological processes both in adult brain and throughout brain development. However, physiological function 
of these Aβ peptides remains poorly understood, and existing data are sometimes controversial. Here we 
analyze and compare the effects of monomeric Aβ40 on the biology of differentiating human Neural Stem 
Cells (human-NSCs). For that purpose, we have used a model of human NSCs, called hNS1. Our data 
demonstrate that Aβ40 at high concentrations provokes apoptotic cellular death and damage of DNA in 
human NSCs while also increases the proliferation and favors neurogenesis in hNS1 cells by raising the 
percentage of proliferating neuronal precursors. These results provide evidence of how Aβ modulate/regulate 
human NSCs proliferation and differentiation, suggesting Aβ40 may be a pro-neurogenic factor. These data 
could contribute to a better understanding of the molecular mechanisms involved in AD's pathology and for 
the development of human NSC-based therapies for AD treatment, since these results could then be used in 
diagnosing the disease at early stages and be applied to the development of new treatment options.   
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The morphogen Sonic Hedgehog (Shh) controls the proliferation of cells with stem cell properties in several 
regions of the CNS during embryonic and postnatal development, as well as in the adult¹. The blockage of 
hedgehog signaling perinatal and in adult mice results in diminished expression of Gli1, reducing cell 
proliferation in vivo². 
More recently the role of Shh signaling has been shown to be a critical pathway in the transition from 
neurogenesis to oligodendrogenesis in dorsal forebrain progenitors during late embryonic development³. Shh 
also regulates oligodendrocyte production in adulthood in the cortex and corpus callosum (CC). After focal 
demyelination induced by lysolecithin, the transcription of Shh target genes is increased³, but Shh-expressing 
cells are not detected in the CC after chronic demyelination with cuprizone.  However, the use of SAG (agonist 
of both canonical and non-canonical Hedgehog signaling pathways) increases the cell proliferation and 
enhances remyelination, but Gli1 fate-labelled cells in the CC do not change, which may indicate that is 
signaling through the non-canonical pathway⁴. 
Our present work shows the direct effect of Shh signaling on OPC proliferation and myelination. To do this, 
we crossed the NG2-CreERT2TdT mice with both SmoM2 and Smofl/fl lines and studied the gain and loss of 
function of smoothened receptors implicated in the canonical and non-canonical pathways. We also provide 
evidence that Shh synergizes with PDGFAA signaling in the modulation of OPC proliferation in vitro from 
postnatal and adult cortex. 
 
-1. Palma et al. Development. 2005 Jan;132(2):335-44. 
-2. Sanchez et al. Exp Neurol. 2018 Jan;299(Pt A):122-136.  
-3. Winkler et al 2018 J Neurosci. 2018 Jun 6;38(23):5237-5250. 
-4. Ferent et al 2013. J Neurosci. 2013 Jan 30;33(5):1759-72 
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During sleep and anesthesia, cortical spontaneous activity is dominated by slow wave oscillations (SWO, <1.5 
Hz) consisting of alternating synchronized network activity (up-states) and generalized neuronal silence 
(down-states). Several evidence indicate distinct excitatory and inhibitory neuronal mechanisms involved in 
the SWA regulation in rodents. Nonetheless, in vitro and in vivo data indicate astrocytes as regulators of 
cortical up-states by controlling both the initiation and the frequency of synchronized oscillations. However, 
whether astrocytes are also able to regulate neuronal excitability during up-states or are involved in the 
mechanisms of down-states is still unknown. Here, we investigated the role of astrocytes in the spontaneous 
cortical oscillatory activity by using a combination of in vivo electrophysiology and pharmacogenetics. For 
that, a 32-channel multielectrode was lowered into the somatosensory cortex to record spontaneous 
neuronal activity, while astrocyte modulation was achieved by using a hM3Dq-Gq-DREADD under the 
astrocyte GFAP promoter and acute i.p. injection of its ligand clonazepine (CNO). Neuronal recordings 
obtained from the same animals before and 1-hour after CNO application showed that astrocyte activation 
exhibited a clear effect on the SWO neuronal firing. While firing rate during down-states was significantly 
enhanced, up-states presented a reduced spontaneous activity. To determine the neuronal cell-type 
modulated by astrocytes under our conditions, we used a spike-sorting clustering algorithm based in three 
measurements (width, Trough-to-peak and after-high-hyperpolarization). Our analysis showed that CNO 
increased the number of putative inhibitory neurons during down-states, without affecting the number of 
putative excitatory clusters. Such apparent enhancement of inhibitory activity shorten down-state duration 
and therefore increasing SWO power as well as induced a slower down-to-up transition and decreased up-
state amplitude. In conclusion, our findings indicate that down-states in SWO are directly modulate by 
astrocytes. In addition, the appearance of new putative inhibitory clusters would suggest the modulation of 
GABAergic interneurons by astrocyte activity. 
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The neocortex is organized in vertical columns responsible to integrate and compute signal information. In 
addition to that, distinct layers within the vertical organization project horizontally to neighbouring columns 
in order to distribute activity between cortical areas. Interestingly, recent anatomical data shows that 
horizontal axonal projections, specially the long-ones in L2/3, exhibit increased myelin segments elongation 
following monocular deprivation. Such adaptive myelin plasticity may improve synaptic efficacy of 
corticocortical connections with a possible role in mediating the reorganization of cortical maps after sensory 
deprivation. Here, we explored the relationship between axonal myelination and the level of cortical 
reorganization in distinct layers of the somatosensory cortex following central sensory deprivation. 
Furthermore, we also investigated the ability of astrocytes, known to provide trophic factors for myelinating 
glia, to influence the adaptive myelin plasticity. Complete thoracic spinal cord was used to induce sensory 
deprivation of the cortical areas receiving information from hindlimbs. Fifteen-to-thirty days later, injured 
and control animals were subjected to electrophysiological recordings using a vertical array lowered into the 
hindlimb cortex to record evoked potentials in response to contralateral forelimb stimulation. Our 
experimental design aimed to determine the strength of the synaptic connectivity between the deprived and 
intact cortex. Our data showed that sensory deprivation enhanced L2/3 corticocortical connectivity observed 
as increased magnitude and slope of deprived neurons. Next, we explored whether the increased L2/3 
synaptic efficacy was associated to myelin remodelling. While immunostaining against the neurotrophic 
factor-oligo2 showed no overall changes in both deprived and intact cortices, myelin basic protein staining 
showed increased intersections and longitudinal myelination patterns. These changes were not observed in 
IP3R2-/- mice exhibiting deficient astrocyte activity, suggesting that astrocytes directly impact myelination. 
Overall, our data indicate a positive correlation among neuronal excitability and adaptive myelin plasticity 
that may mediate cortical reorganization through increased L2/3 corticocortical connectivity.
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Layer-specific activity of cortical circuits critically depends on the interplay among distinct cell types to shape 
sensory stimulus selectivity and control gain. In this complex network, astrocytes are crucial as they can sense 
the synaptic activity within the layering circuits to modulate the strength and timing of both excitatory and 
inhibitory neurons. However, cortical laminar distribution of astrocytes does not correspond to the six 
excitatory neuronal layers, which leads to the question on whether astrocytes across cortical layers may 
exhibit functional heterogeneity or engage in different interactions with neighbouring neurons to modulate 
neuronal dynamics of sensory processing. Here, we used a combination of in vivo electrophysiology, behavior 
and genetic tools to explore the layering functional organization of astrocytes as well as their ability to 
modulate the layer-specific neuronal circuitries. By using brain slices injected with the AAV5-gfaABC1D-cyto-
GCaMP6f, we found that astrocyte activity is inherently distinct across cortical layers, with L2/3 astrocytes 
being less excitable and L5/6 exhibiting higher number of spontaneous oscillations. To determine whether 
such astrocyte functional diversity play a role in the neuronal sensory processing and stimulus selectivity, we 
used in vivo electrophysiology to record neuronal evoked-potentials across all layers and sensory behavioral 
tests while modulating astrocyte activity. Up-regulation of astrocyte activity using GFAP-hM3D(Gq)-DREADD 
decreased evoked-potential magnitudes in response to high-stimulus intensity in L4/5/6 neurons, which was 
accompanied by an increase threshold of paw withdrawal following thermal stimulation. On contrary, 
astrocytes down-regulation using IP3R2-/- mice line decreased L2/3/4 evoked-potential in response to low 
intensity stimulation and consequent increased threshold in response to tactile stimuli. Therefore, our data 
indicates that astrocytes work as a buffer of neuronal activity by plausible controlling E:I balance in a stimulus-
dependent manner. In addition, astrocyte functional heterogeneity may serve to control stimulus sensitivity 
in a layer-dependent manner with consequences in behavior output. 
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Neurodegenerative diseases are characterized by an impairment in synaptic plasticity leading eventually to 
cognitive symptoms in patients. Extracellular vesicles (EVs), which are involved in intercellular 
communication, have been described to have an important role in synaptic plasticity, as they are carriers of 
bioactive miRNAs, proteins and lipids. These molecules are involved in synaptic processes and can influence 
firing rate in the recipient neurons. RTP801/REDD1 is a pro-apoptotic protein which levels are elevated in 
compromised neuronal populations from patients with neurodegenerative disorders. 
 
The aim of this study is to examine how RTP801 modulates the synaptic effect of EVs at structural and 
functional levels.  
 
EVs were isolated by ultracentrifugation from rat cortical neurons at DIV13 and used to treat other cultured 
cortical neurons for 24h. We next examined synaptic plasticity at several levels, assessing the number of 
consolidated synapses using PSD-95/VGLUT-1 contacts as readout, by immunofluorescence; measuring the 
levels of synaptic proteins in total neuronal lysates by western blot and investigating whether EVs could 
change individual neuron activity or collective events, including the topology of the neuronal network.  
 
We next studied how the lack of RTP801 affects synaptic plasticity treating rat cortical cultures with EVs 
obtained from WT or RTP801 KO mouse cultured neurons.  
 
We found that neuron-derived EVs enhance the consolidation of glutamatergic synapses in recipient neurons, 
effect that is lost with EVs isolated from RTP801 KO neurons. Moreover, our preliminary results suggest that 
RTP801 modulates synaptic plasticity by affecting the EVs content.  
 
Further studies will be needed to frame RTP801 as a transcellular mediator of neurodegeneration and to put 
neuronal EVs in the spotlight to prevent synaptic plasticity impairment.  
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Protein synthesis is essential for the maintenance of cellular proteostasis. Neural cells (e.g neurons, 
astrocytes, oligodendrocytes) are highly polarized and therefore their proteins have to be asymmetrically 
distributed to fulfil their function. This distribution occurs through two different mechanisms: 1) the classical 
pathway where proteins are synthetized in the perinuclear region and delivered to their target site after 
maturation and/or 2) through local translation, where mRNAs are transported to the target site in a repressed 
state to be locally translated into proteins.  
Local translation allows cells to react in spatial and temporal manner to numerous stimuli. Most data 
regarding local translation have been obtained in neurons. However, there is evidence that local translation 
plays a crucial role in other CNS cell types too. For instance, local translation of MBP in oligodendrocytes has 
been described in neurodegenerative conditions. More recently, the ability of peripheral astrocytic proteins 
to translate proteins has been described.  
Microglia, although not being of neural origin, are the resident immune cells of the nervous system, and show 
a morphology as equally complex as neurons and neuroglia. In microglia, local translation has newly been 
described. Nonetheless, the involvement of local translation in these cell types in physiology and pathology  
is still to be elucidated. Taking into account that glial cells might be active participants in neurodegenerative 
diseases and based both on the literature and recent results of our group, our hypothesis is that local 
translation in microglial peripheral processes is involved in neurodegenerative diseases. 
Previously, our group has obtained results supporting the idea that local translation in microglia is altered in 
the context of inflammation. It is well stablished that neurodegeneration and neuroinflammation are strictly 
related. Thus, we are currently analysing the effect of both parameters combined and their relation to 
changes in local translation of microglial peripheral processes.  
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The visual system of teleost fish shows growth and regeneration capacities during the entire animal's life. 
Therefore, the pre-encephalic visual system [retina, optic nerve head (ONH), and optic nerve (ON)] of adult 
fish serve as a model for studying neurogenesis and regeneration of the vertebrate central nervous system 
(CNS). Previous work has shown differences of Sox2 expression in areas of pre-encephalic visual system, which 
indicates that this transcription factor could have several functions in the CNS. Our study focused on a detailed 
characterization of a Sox2 positive cell population located in the first portion of the optic nerve. We have used 
adult specimens of the cichlid fish Astatotilapia burtoni as an animal model, which shows substantial growth 
adding retinal tissue and optic nerve fibers throughout life. Clearing samples of pre-encephalic visual system 
(the whole eye with an optic nerve piece), and immuno staining, we identified a population of glial cells 
positive for Sox2. These cells are arranged around the axons from newborn neurons identified by staining for 
doublecortin and location in the optic nerve. Our results suggest that this glial population is associated with 
the pathway navigation of the new axons from the retina. Besides known functions in stem cell pluripotency, 
Sox2 could be involved in neurochemical signaling and/or a pool of potential proliferative cells, in possible 
combination with other regulatory factors, in the fish visual system. Understanding the variety of cell types 
and subtypes in the visual system of fish and their plasticity could be the key to comprehend the growing and 
regenerating processes in the adult vertebrate CNS.
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Hippocampal neurogenesis (HN) is a form of neuroplasticity which implicates the generation of new neurons 
from neural stem cells (NSCs) in the dentate gyrus (DG). Although HN persists throughout adulthood, it 
reaches maximum values during early postnatal periods, when the population of NSCs is at its largest. 
 
NSC activity and HN are particularly regulated by neuronal activity and severe alterations have been found in 
the hippocampal neurogenic niche in mouse models of epilepsy. Induction of reactive-like and gliogenic NSCs 
(React-NSCs) besides aberrant neurogenesis, defined by altered newborn neuron morphology, migration and 
functional properties, are induced by epileptic seizures.  
 
We are thus interested in Dravet Syndrome (DS), a severe form of infant epilepsy characterized by the early 
onset (3-6 months of age) of seizures. DS is caused by mutations in the Scn1a gene encoding the α1 subunit 
of sodium channel Nav1.1, and provokes febrile seizures, hyperexcitability, neurological comorbidities and 
premature death. Therefore, we hypothesize that early seizures could have a greater impact and longer-
lasting on the neurogenic niche in DS due to their early onset.   
 
Through confocal microscopy imaging we are analysing the neurogenic niche of a novel inducible knock-in 
mouse model of DS (Syn-Cre/Scn1aWT/A1783V) at postnatal day 25 (soon after the onset of seizures) which 
consist in the neuron-targeted expression of a missense mutation (A1783V) in the Scn1a gene. We have 
observed the induction of React-NSCs, characterized by more and thickened branches plus overproliferation. 
We have also observed a strong induction of aberrant neurogenesis. Newborn immature neurons, identified 
by the expression of doublecortin are present in much higher numbers; migrate abnormally towards the hilus 
and the molecular layer; and have basal dendrites and V-shaped proximal apical dendrites. We are currently 
investigating other possible alterations such as cell death/survival, differentiation imbalance and changes in 
astroglia and microglia. 
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Synaptophysin family proteins are ubiquitous integral components of synaptic vesicle membranes.  We 
recently found that baseline synaptic strength is enhanced in quadruple knockouts missing all four family 
members owing to elevated probability of release of the docked and primed readily releasable vesicles within 
presynaptic terminals. Deficits in both short- and long-term potentiation were detected previously in partial 
mutants missing one or two family members, and are more severe in the quadruple knockouts. The short-
term deficits could result from the elevated baseline probability of release because: (1) short-term 
potentiation is also caused by elevated probability of release; and (2) a previous study identified a limit that 
would occlude further elevations if unaltered in the mutants. In contrast, long-term potentiation is widely 
thought to be caused by a different type of mechanism.  Nevertheless, here we show that the deficit in long-
term potentiation can be rescued by lowering extracellular calcium, which lowers the baseline amount of 
release back to wildtype levels. The result suggests that the most widely studied form of long-term 
potentiation is caused by elevated probability of neurotransmitter release from presynaptic terminals, and 
that the amount of potentiation can be limited by a native occlusion mechanism that was previously shown 
to heavily influence the timing of recovery from short-term depression. 
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Neurotransmitter in presynaptic terminals is stored within synaptic vesicles, and is released into the synaptic 
cleft via exocytosis. However, a synaptic terminals contains hundreds of vesicles in the interior, whereas fewer 
than ten can dock at once to the active zone area of the plasma membrane where exocytosis occurs. The 
vesicles in the interior are thought to be held within so called reserve pools, but the concept of a pool remains 
poorly defined.  Here we use optical imaging dyes and a combination of low and high frequency stimulation 
to confirm that individual hippocampal presynaptic terminals in cell culture contain multiple reserves that can 
be distinguished functionally by how quickly the contents can be mobilized for exocytosis. Quickly and slowly 
mobilized reserves were mobilized in parallel, and did not mix, even during heavy stimulation.  The results 
are not consistent with long-standing models where reserve pools are connected in series, but instead 
support an alternative that emerged from a series of previous electrophysiology studies, where: 1) active 
zones contain multiple independent docking/release sites; (2) the release sites vary in probability of catalyzing 
exocytosis following individual action potentials; and (3), each docked vesicle is connected to a separate 
reserve. 
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Alzheimer’s disease (AD) is a progressive multifaceted neurodegenerative disorder for which no disease-
modifying treatment exists. Cognitive decline is a clinical hallmark of AD, and its severity correlates with the 
level of disruption of neuronal networks activity. Recently, neuroinflammation has been revealed central to 
the pathology progression with evidence suggesting that microglia-released galectin 3 (gal3) plays a pivotal 
role amplifying neuroinflammation in AD. However, possible involvement of gal3 in the disruption of 
cognitive-relevant neuronal network oscillations remains unknown. Here we investigated the functional 
implications of gal3 for neuronal network functioning by performing ex-vivo recordings of fast electrical 
rhythmic activity within gamma frequency range (gamma oscillations, 20-80Hz) in CA3 area of WT 
hippocampal mice brain slices. Gamma oscillations were induced by applying 100 nM KA either in an interface- 
or submerged-type recording chambers. Concomitantly to local field potential we performed patch-clamp 
recordings of relevant neuronal populations (fast-spiking neurons (FSN) and pyramidal cells (PCs)) with focus 
on FSN. We used two different general approaches (1) gamma induced after gal3 treatment and (2) gal3 
application during ongoing gamma oscillations. We observed that gal3 application significantly decrease 
gamma oscillation power and rhythmicity which is mediated by the gal3-carbohydrate-recognition domain 
and prevented by the gal3 inhibitor TD139 in a dose-dependent manner. Such disruption resulted to be 
activity-dependent and was accompanied by the impairment of FSN- and PC-gamma phase-locking. 
Interestingly, TD139 also prevented Aβ42-induced degradation of gamma oscillations. Notably, we found that 
gamma oscillations are impaired at CA3 hippocampal area of 5xFAD mice model at 6 months old while gamma 
oscillations recorded from 5xFAD mice lacking gal3 (5xFAD-Gal3KO) remain similar to age-matched WT 
counterpart. Thus, we report for the first time that gal3 impairs cognitive-relevant neuronal network 
dynamics. Moreover, our findings suggest that removing/inhibiting gal3 could be beneficial to counteract the 
neuronal network instability typical of AD.      
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During last decades it has been observed an increasing prevalence in ageing concomitant diseases; a longer 
life expectancy due to an improvement of life conditions is the main factor of this augmentation. As astrocytes 
are responsible for proper neuronal function, their importance is clear to the maintenance of brain health. 
Metabolism homeostasis alterations, such as oxidative stress, can trigger these conditions, producing cellular 
pathological changes as lipid peroxidation, oxidative modification of proteins and DNA damage.    
One of the main mechanisms involved in cellular oxidation is Reactive Oxygen Species (ROS) formation, key 
deregulators of cellular stability. ROS can be produced by mitochondrial electron transport chain 
dysregulation by external pro-oxidant compounds action, such as Paraquat.  
To study sex influence, species and paraquat exposure on the activity of mitochondrial respiratory chain in 
astrocytes of different species, we developed microarrays using cell membranes isolated from a human 
astrocytic cell line (1321N1) and primary cultures of male and female mouse astrocytes. Subsequently, the 
superoxide formation capacity of each sample was determined on cell membrane microarrays using complex 
I substrate (NADH) combined with specific inhibitors of mitochondrial complex I (rotenone), complex III 
(antimycin A) and complex IV (azide). Paraquat treated astrocytes showed a higher superoxide formation 
when compared with control group, not only in basal condition but also in presence of respiratory inhibitors. 
A significant difference between male and female was also observed in mouse astrocytes primary cultures, 
while no difference was detected between human and mouse in male astrocytes.  
Furthermore, the difference seen between control and paraquat-treated human astrocytes was not only due 
to mitochondrial electron transport chain, but also other NADH oxidoreductases might be implicated in ROS 
generation. Thus, further investigation with specific protocols will be necessary to elucidate it. How astrocytes 
manage oxidative stress and ROS formation is central to their neuroprotective responses.  
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The bioactive phospholipid LPA impacts excitatory synaptic strength in hypoglossal motoneurons (HMNs) by 
a LPA1-mediated presynaptic mechanism influencing neurotransmitter release (PLoS Biol. 2015 
13(5):e1002153). Here, we hypothesized that use-dependent short-term plasticity at excitatory synapses 
engages, at least in part, LPA-LPA1 signaling. In brainstem slices from rat pups (P5-P9), a high frequency 
stimulation (HFS, @20-Hz, 60-s) protocol was applied to the ventrolateral reticular formation and excitatory 
postsynaptic currents (EPSC) from HMNs were analyzed during and after (@0.2-Hz) HFS. Exogenous 
application of LPA (1 M), but not vehicle, to the bath solution altered synchronic and asynchronic 
neurotransmitter release during HFS. The asynchronic component is known to increase during the train by 
accumulation of presynaptic [Ca2+]i. Furthermore, LPA delayed EPSC recovery after HFS. Addition to the bath 
solution of the LPA1 inhibitor AM095 (10 M) or preceding microinjection of a small-interfering RNA against 
lpa1 (siRNAlpa1) into the fourth ventricle at P4, both affected synchronic and asynchronic release in an 
opposite direction that LPA. A non-interfering siRNA was taken as control in siRNAlpa1 experiments. AM095 
and siRNAlpa1 both accelerated EPSC reestablishment after HFS. Finally, addition of a non-permeable Ca2+-
chelator  EGTA (11 mM) into the internal solution of the recording pipette or permeable AM-EGTA (300 M) 
to the bath solution, differentially effected AM095-induced alterations on EPSCs during and after HFS. 
Altogether, these outcomes indicate that LPA-LPA1 signaling mediates short-term depression and recovery 
kinetics during and after HFS, respectively. The mechanism of action of endogenously synthesized LPA seems 
to depend on both pre- and post-synaptic [Ca2+]. A more detailed analytical processing is needed to clarify 
particular synaptic events regulated by this signaling pathway in use-dependent synaptic plasticity. 
Funding: MINECO/FEDER (BFU2015-71422-R; PID2019-110960GB-I00); 2014-2020 ERDF Operational 
Programme, Department of Economy, Knowledge, Business and University of the Regional Government of 
Andalusia (FEDER-UCA18-108475). 
Keywords: Motoneurons, Lysophosphatidic acid, short-term synaptic plasticity. 
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Chaperone p11 (S100A10) is an adaptor protein that regulates trafficking and plasma membrane expression 
of several ion channels and receptors. Thus, p11 sets up motoneuron (MN) intrinsic excitability (Nat Commun. 
2019;10(1):3784). Although there is evidence supporting a presynaptic role of p11 in synaptic dynamics, little 
evidence exists so far on its involvement in neurotransmission and synaptic plasticity. In brainstem slices from 
rat pups (P7-P9), a high frequency stimulation (HFS, @60-Hz, 10-s) protocol was applied to the ventrolateral 
reticular formation and excitatory postsynaptic currents (EPSC) from hypoglossal MNs (HMNs) were analyzed 
during and after HFS. A small-interfering RNA against p11 (siRNAp11; 5 g/5 l) was injected into the fourth 
ventricle at P5, taken administration of a non-interfering siRNA (cRNA) as control. siRNAp11 reduced (-56.6 ± 
5.2%) mRNAp11 expression in brainstem of P7-P9 rats. P11 knockdown was accompanied by a reduction in 
the amplitude of recorded EPSCs (cRNA: 0.467 ± 0.056 nA; siRNAp11: 0.338 ± 0.048 nA). Interestingly, 
siRNAp11 altered both synchronic and asynchronic neurotransmitter release during HFS. Whilst the kinetic of 
reduction in charge transfer for the synchronic component of the synaptic response across the train 
experienced only a subtle delay after p11 knockdown, the asynchronic component was strongly attenuated 
by this treatment (cRNA: 1.58 ± 0.372 nC; siRNAp11: 0.66 ± 0.119 nC). Since the asynchronic component 
increases during train by accumulation of presynaptic [Ca2+]i, siRNAp11-induced reduction in this component 
also supports a pre-synaptic site of action of endogenous p11. Kinetic of EPSC recovery after HFS was also 
altered in siRNAp11 relative to cRNA-treated pups. A more detailed analytical processing is needed to clarify 
particular synaptic events regulated by this protein in use-dependent synaptic plasticity. 
Funding: MINECO/FEDER (BFU2015-71422-R; PID2019-110960GB-I00); 2014-2020 ERDF Operational 
Programme, Department of Economy, Knowledge, Business and University of the Regional Government of 
Andalusia (FEDER-UCA18-108475). 
Keywords: Motoneurons, S100A10, short-term synaptic plasticity. 



 

PS5-24 
Molecular mechanisms underlying NMDA receptor-BK channel coupling in 
specific brain regions 
Ms. Andrea Reyes-Carrión1,2, Dr. David Bartolomé-Martín1,2, Mr. Alberto J. Gonzalez-Hernandez1,2, Dr. Belinda 
Rivero-Perez1,2, Dr. Teresa Giraldez1,2 

1University of La Laguna, San Cristóbal de La Laguna, Spain, 2Biomedical Technologies Institute, San Cristóbal de La Laguna, 
Spain 
 

Postsynaptic N-methyl-D-aspartate receptors (NMDARs) play a crucial role in excitatory synaptic transmission 
and plasticity, but their role must be framed into a more complex physiological picture, where they can 
interact with other ion channels shaping their function. A rather unexplored partnership is that of NMDAR 
with large-conductance calcium- and voltage-gated potassium (BK) channels, which until now had been 
exclusively studied in granular cells of the olfactory bulb and hippocampal pyramidal neurons. In these 
neuronal types, their expression seems restricted to the soma, regulating cellular excitability. We have 
recently shown that synaptic NMDAR–BK coupling occurs in a subpopulation of barrel cortex layer 5 pyramidal 
neurons, where it is promoted by a physical proximity maximizing NMDA receptor calcium access to the BK 
channel. This proximity allows a negative feedback mechanism to significantly and selectively filter plasticity, 
providing input-specific synaptic diversity to the thalamocortical circuit (Gomez et al, 2021, 
https://doi.org/10.1101/2020.12.30.424719). Using a panel of biophysical, cellular and imaging techniques in 
brain slices and heterologous expression systems, we now describe this mechanism in other brain areas and 
study the role of specific NMDAR and BK subunits in this coupling mechanism. 
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Many neurodevelopmental disorders are characterized by impaired functional synaptic plasticity and 
abnormal dendritic spine morphology, but little is known about how these are related.  Previous work in the 
Fmr1-/y mouse model of fragile X (FX) suggests that increased constitutive dendritic protein synthesis yields 
exaggerated mGluR5-dependent long-term synaptic depression (LTD) in area CA1 of the hippocampus, but an 
effect on spine structural plasticity remains to be determined.  In the current study, we used simultaneous 
electrophysiology and time-lapse two photon imaging to examine how spines change their structure during 
LTD induced by activation of mGluRs or NMDA receptors (NMDARs), and how this plasticity is altered in Fmr1-
/y mice.  We were surprised to find that mGluR activation causes LTD and AMPA receptor internalization, but 
no spine shrinkage in either wildtype or Fmr1-/y mice.  In contrast, NMDAR activation caused spine shrinkage 
as well as LTD in both genotypes.  Spine shrinkage was initiated by non-ionotropic (metabotropic) signaling 
through NMDARs, and in wild-type mice this structural plasticity required activation of mTORC1 and new 
protein synthesis.  In striking contrast, NMDA-induced spine plasticity in Fmr1-/y mice was no longer 
dependent on acute activation of mTORC1 or de novo protein synthesis.  These findings reveal that the 
structural consequences of mGluR and metabotropic NMDAR activation differ, and that a brake on spine 
structural plasticity, normally provided by mTORC1 regulation of protein synthesis, is absent in FX.  Increased 
constitutive protein synthesis in FX appears to modify functional and structural plasticity induced through 
different glutamate receptors. 
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Presynaptic spike timing-dependent long-term depression (t-LTD) at hippocampal CA3-CA1 synapses is 
evident until the 3rd postnatal week in mice, disappearing during the 4th week. At more mature stages, we 
found that the protocol that induced t-LTD induced t-LTP. We characterized this form of t-LTP and the 
mechanisms involved in its induction, as well as that driving this switch from t-LTD to t-LTP. We found that 
this t-LTP is expressed presynaptically at CA3-CA1 synapses, as witnessed by coefficient of variation, number 
of failures, pairedpulse ratio and miniature responses analysis. Additionally, this form of presynaptic t-LTP 
does not require NMDARs but the activation of mGluRs and the entry of Ca2+ into the postsynaptic neuron 
through L-type voltage-dependent Ca2+ channels and the release of Ca2+ from intracellular stores. Nitric 
oxide is also required as a messenger from the postsynaptic neuron. Crucially, the release of adenosine and 
glutamate by astrocytes is required for t-LTP induction and for the switch from t-LTD to t-LTP. Thus, we have 
discovered a developmental switch of synaptic transmission from t-LTD to t-LTP at hippocampal CA3-CA1 
synapses in which astrocytes play a central role and revealed a new form of presynaptic LTP and the rules for 
its induction 
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Spike timing-dependent plasticity (STDP) is a Hebbian learning rule important for synaptic refinement during 
development and for learning and memory in adults. Presynaptic spike timing-dependent long-term 
depression (t-LTD) exists in layer 4 to layer 2/3 synapse of somatosensory cortex, which is present until the 
4th postnatal week in mice, disappearing at the end of this 4th (P13-P27) week of development. We were 
interested in the mechanisms underlying this developmental loss of t-LTD. We have found that t-LTD is 
recovered when adenosine A1Rs are antagonized at P28-P37, whereas it´s induction is prevented at P13-P27 
by activating A1Rs. Furthermore, we found that the adenosine that mediated the loss of t-LTD is supplied by 
astrocytes, as when astrocytes are treated with the Ca2+ chelator BAPTA, t-LTD is recovered at P28-P35. 
Similarly to STDP, pairing the stimulation of astrocytes with EPSPs at P13-P27 induces LTD, but not at P28-
P37. These results provide direct evidence for the mechanism that closes the window of plasticity associated 
with t-LTD, revealing novel events probably involved in synaptic remodeling during cortical development.
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Unravelling the principles of information processing in complex cell circuits requires techniques capable of 
target and modulate specifically the activity of those elements involved. Although it has been demonstrated 
that astrocytes play an active role in neuronal transmission, the evolution of genetic tools to study and control 
these circuits has focused mainly on neuronal activity. Currently, there are available techniques to modulate 
astrocytic activity with precise temporal control (optogenetics), or in a sustained activation period 
(chemogenetics). Nevertheless, these tools act on the whole astrocytic population and it remains challenging 
to target gene expression or activity in specific populations of astrocytes, leaving the role of these cells in 
neural circuits or behaviour still unclear. 
 
In this study, we present a new tool to translate the activity-mediated calcium signals of astrocytes into gene 
expression in a light-dependent manner, i.e. Astro-Light. Using a combination of electrophysiology, molecular, 
pharmacological and behavioural techniques, we have tested Astro-Light capacity to modulate the activity of 
specific astrocytic networks with implications in animal behaviour. 
 
First, we engineered Astro-Light vectors under GFAP promoter and characterized Astro-Light expression after 
viral infection in the mouse Nucleus Accumbens (NAc). We apply Astro-Light to label astrocytes in the NAc 
that are activated during optogenetic stimulation of long-range excitatory inputs thought to regulate 
motivated behaviors. Finally, we tested the ability of Astro-Light to modulate animal behaviour.   
 
            Our results reveal Astro-Light as a functional and powerful tool for studying astrocyte-neuron 
interactions and enables dissection of astrocytic circuits underlying complex behaviors with high 
spatiotemporal precision.  
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The human olfactory system has historically been considered a system primarily involved in odor recognition. 
However, during the last decade, olfactory dysfunction has been studied as a preclinical and prodromic 
symptom related to Parkinson's and Alzheimer's diseases. The olfactory system appears to act as direct 
pathway to other cortical olfactory regions of the brain for some pathogens or prion-like diseases, and the 
anatomy of sensory neurons, directly exposed to the environment in the nasal cavity, allows this. In addition, 
most mammals generate new neurons during adulthood that are incorporated into a pre-existing olfactory 
circuit, presumably to keep their functionality intact. However, in adult humans this process has not been 
clearly elucidated and information regarding cytoarchitecture and cellular composition of different olfactory 
structures in the olfactory peduncle are still scarce.  
In this work, we studied 28 olfactory nerves from humans aged 19-93 years and 5 cases from young adult 
primates (Macaca fascicularis). The olfactory tract of both species was dissected into the main olfactory bulb 
and anterior, medial and posterior regions of the olfactory peduncle. Then, morphology and cytoarchitecture 
were studied and compared.  For this purpose, coronal section micrography atlas of the human olfactory tract 
has been developed. We observed an anatomic variation along the different portions and different cell 
distribution layers. Electron microscopy, immunohistochemical, and confocal techniques were performed to 
confirm the distribution of cell populations, such as glia, mature and young putative neurons and 
undifferentiated cells in the olfactory peduncle of both species. We also evaluated the density and 
distribution of blood vessels and corpora amylacea. Furthermore, in M. fascicularis, a rostral migratory stream 
(RMS) was identified in all cases along the peduncle and migrating neuroblast cell populations were 
stereologically quantified. These data aim to shed light on the differences in these olfactory structures 
between both species, the relationship between adjacent structures and the putative effect of aging on the 
human adult neurogenic process. 
KEYWORDS: Olfactory system, adult neurogenesis, primates, humans, olfactory peduncle, doublecortin,  
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Aging is a physiological and multifactorial process, where inflammatory mechanisms and oxidative stress (OS) 
play a fundamental role and leading to a gradual loss of the functionality of the different organs and tissues. 
Several neuron populations are selectively affected by the aging process. Interneurons play a key role in the 
maturation, function, plasticity, and organization of cortical circuits, as well as in the control of the activity of 
major or principal neurons. Disturbances in the hippocampal-inhibiting networks, which involve the loss of 
specific subpopulations of GABAergic interneurons (INs), could be an important factor in hippocampal aging. 
In recent years, the effects of antioxidant supplementation through the diet have been studied as it has been 
proved to reduce the redox imbalance and to decrease the effects of OS on aging. Vitamin E (VitE) is one of 
the antioxidants more widely used as an antioxidant therapy. Of all the isomers that constitute the VitE, the 
organism preferentially retains the isomer configuration α-tocopherol (α-T), introduced into neurons by a 
specific protein, the α-tocopherol transfer protein (α-TTP), widely distributed throughout the brain. This is 
one of the most affected organs in aging, and the hippocampus, mainly responsible for the generation and 
recovery of memories and spatial orientation, has been described as an especially vulnerable area. We have 
studied in detail the expression of α-TTP in all the regions and layers of the hippocampus along aging, as well 
as the presence of this transfer protein in different INs populations. The analysis was made in Pol mice, a 
delayed-ageing model, in animals of 4 and 24 months old. Our results suggest a specific distribution of α-TTP 
not only in the different layers of the hippocampus, but also a colocalization in certain INs populations. This 
suggest that the hippocampal INs could present a different susceptibility to redox imbalance according to 
their ability to use α-T as an external antio 
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The microRNA-29 (miR-29) family is decreased in brain tissue in 30% of late-onset Alzheimer's disease (LOAD) 
patients, increasing the levels of their target mRNAs, such as BACE1 (implicated in the formation of the β-
amyloid peptide). This family also shows a decrease in their circulating levels in both plasma and cerebrospinal 
fluid from LOAD subjects. However, whether this affects disease progression has not been studied yet. LOAD 
is associated with sedentarism, among other risk factors. Interestingly, results from our laboratory in murine 
models of both resistance and endurance exercises showed that plasma circulating levels of miR-29 family (c-
miR-29), along with other c-miRs, and adult hippocampal neurogenesis (also affected in LOAD) are increased 
after long-term exercise intervention. To better understand how exercise-associated miRs can counteract the 
loss of miR-29 family, we took advantage of the previously described miR29a/b1 cluster knockout mouse 
model (miR-29 KO), which presents severe ataxia. Thus, in this study, we first explored maximal endurance 
and resistance performance in 16-week-old symptomatic miR-29 KO and their corresponding wildtype (WT; 
n=6/genotype). Then, we determined the expression of the found exercise-associated miRs in four brain 
areas: cortex, hippocampus, striatum, and cerebellum; along with mRNA levels of some proteins associated 
with AD and neurogenesis pathways, such as Bace1, Ranbp9, Dcx, Bdnf, Syt1, and Atg5. Our results showed 
that physical performance is impaired in miR-29 KO mice. Moreover, some brain exercise-associated miRs, 
along with their mRNA targets, are altered in specific brain areas regarding WT mice. Thus, the absence of 
miR29a/b1 cluster affects not only to physical fitness, but also modifies brain miR profile. Future studies will 
provide further information on whether exercise-modulated miRs can counteract the loss of this cluster in 
miR-29 KO mice after training. Translating these results to patients, knowing which exercise-associated miRs 
are beneficial for LOAD will allow to design therapies focused on modifying disease progression.
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Sounds do not usually reach both ears at the same time. This difference in arrival time (interaural time 
difference [ITD]) is an extremely useful cue to localize the sources of low-frequency sounds in the horizontal 
plane. ITDs are encoded in the medial superior olive (MSO), one of the nuclei of the superior olivary complex. 
Although the rat is a favorite experimental model in auditory neuroscience, the projections of the rat MSO 
remain to be studied in detail with anterograde tracers. This may be due not only to the high-frequency 
hearing range of this species, which supposedly does not use ITDs for sound localization, but also to the 
extreme narrowness of its MSO, which renders experimental manipulations problematic.   
To study the projections of the rat MSO, we have made small, single injections of the bidirectional tracer 
biotinylated dextran amine (BDA) into the MSO of this species and analyzed the trajectory, morphology and 
distribution of the labeled axons. 
Our results are based on nine successful cases, whose injection site affected solely or almost exclusively the 
MSO. In all of them, dense plexuses of terminal axons were labeled ipsilaterally in the central portion of the 
dorsal nucleus of the lateral lemniscus and in the most dorsolateral portion of the central nucleus of the 
inferior colliculus, which are the regions of these nuclei where low-frequency sounds are processed. Minor 
projections, not previously described with anterograde tracers, were observed in the ipsilateral ventral 
nucleus of the lateral lemniscus and medial geniculate body of the thalamus. 
Despite the widespread belief that the MSO of rats and mice is rather insignificant, our data demonstrate that 
it is hodologically similar to that of mammals with a lower auditory range, like the cat or the gerbil. They 
further suggest that MSO function is not limited to ITD coding. 
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To locate sound sources, animals use interaural level differences (ILD), as sounds reach the nearest ear with 
higher intensity. ILDs are encoded in the lateral superior olive (LSO), a nucleus innervated by four neuronal 
types of auditory brainstem nuclei: spherical bushy cells (SBCs) and planar multipolar neurons of the 
ipsilateral ventral cochlear nucleus, principal neurons of the ipsilateral medial nucleus of the trapezoid body 
(MNTB), and small multipolar neurons of the contralateral ventral nucleus of the trapezoid body (cVNTB) 
(Gómez-Álvarez and Saldaña, 2016, J Comp Neurol 524:2230-2250). Neurons in the LSO are excited by sounds 
reaching the ipsilateral ear, and inhibited by sounds reaching the contralateral ear, yet how this integration 
occurs remains unclear. 
We designed four tract-tracing experiments to label selectively each one of the projections to the rat LSO. We 
injected the tracer biotinylated dextran amine (BDA) into the anteroventral and dorsal cochlear nucleus 
(AVCoN and DCoN), superior paraolivary nucleus (SPON) and VNTB and studied the axons labeled in the LSO. 
All LSO afferents form flattened plexuses that follow the laminar organization of the LSO. These projections 
differ in morphological aspects, including the caliber and branching pattern of the axons, and the size and 
abundance of terminal and en passant boutons. 
Injecting BDA into the DCoN, SPON, and VNTB labels selectively the axons of planar multipolar neurons, MNTB 
principal neurons, and cVNTB neurons, respectively. Conversely, injecting BDA into AVCoN to label the axons 
of SBCs leads to confusing results, since AVCoN is innervated by MNTB neurons that also innervate LSO. The 
axons of SBCs and MNTB principal neurons, which represent 80% of the neurons that innervate the LSO, have 
fewer synaptic boutons than those of planar multipolar neurons and VNTB neurons. Therefore, the functional 
relevance of the latter two projections should not be underestimated. 
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Brain states (such as sleep, anesthesia or wakefulness) are characterized by specific patterns of cortical 
activity dynamics. Some of these patterns are observable in the infraslow frequencies of the spectrum 
(<0.1Hz) but are often missed due to the intrinsic limitations of the recording devices. We previously 
demonstrated that flexible arrays of graphene solution-gated field-effect transistors (gSGFETs) can record full-
spectrum signal, including the infraslow component (DC, direct current-coupled), acutely in multiple sites of 
the rat brain. Here, we performed chronic implants of 16-channel gSGFET arrays on rat cerebral cortex and 
recorded full-band neuronal activity in order to test the long-term stability and biocompatibility of implanted 
devices, and to study the DC band during the transition between different brain states across different levels 
of anesthesia. We found that chronic epicortical gSGFET implants can record full-band signals with high 
stability, fidelity and spatiotemporal resolution for up to 6 months. Further, different brain states generated 
by different levels of anesthesia can be identified by the high pass filtered (AC, alternating current-coupled) 
spectrogram, which was complemented by the DC band for the quantification of the depth of anesthesia. We 
conclude that recording the infraslow activity by gSGFET interfaces provides an additional value for the 
identification of anesthesia levels and their associated brain states, and further supports the preclinical and 
clinical use of graphene neural interfaces for long-term multi-site minimally-invasive recordings of cortical 
activity.  
Funded by European Union’s Horizon 2020 research and innovation programme under grant agreement No 
881603 (Graphene Flagship) and GraphCAT -AGAUR-(IU16-011574). 
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Transcranial static magnetic field stimulation (tSMS) is a non-invasive brain stimulation technique able to 
reduce corticospinal excitability when applied over the primary motor cortex (M1). Recently a few studies 
have been questioning this inhibitory effect of tSMS. Methodological differences between studies such as 
stimulating the right or left M1 might explain opposed findings.  
Thus, we investigated whether tSMS over M1 does modulate corticospinal excitability, exploring whether 
tSMS modulates the right or left hemisphere differently. We recruited 40 right-handed healthy subjects 
(females: 22; mean age: 30.6±7.7 years). Separated into two same-sized groups, age and gender-matched, 
each subject underwent one tSMS session for 30 minutes applied either over right or left M1. We recorded 
30 motor evoked potentials (MEPs) elicited by transcranial magnetic stimulation (TMS) from the first dorsal 
interosseous (FDI) muscle before and after (at 0, 15 and 30 minutes) tSMS intervention. The experiment was 
carried out with neuronavigation and threshold tracking methods to determine the individual resting motor 
threshold (RMT) and the stimulus output intensity to evoke a 1mV peak-to-peak MEP amplitude. Both 
measures were repeated after tSMS application.  
The results show that 30 minutes tSMS produced a significant decrease in MEP amplitude at all time points 
(two-way repeated measures ANOVA, Dunnett, 0min, P=0.023; 15min, P=0.010; 30min, P=0.008), with no 
interaction between hemispheres (TIMExHEM: F3,114=1.16, P=0.328). However, when we analysed the 
hemispheres individually, we obtained a significant reduction of MEP amplitude for the right hemisphere (-
21.5±28.9%; one-way repeated measures ANOVA, F3,57=4.36, P=0.008) with no significant differences for the 
left (-8.6±25.3%; one-way repeated measures ANOVA, F3,57=1.24, P=0.304).  
Here we confirm the previously reported evidence that tSMS can modulate corticospinal excitability in an 
inhibitory sense for at least 30 minutes. Collectively, this effect is observed on both hemispheres. Nonetheless 
the results suggest a distinct responsiveness of hemispheres to tSMS, which could explain opposed findings 
between studies.  
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Most events occurring in the external world concomitantly activate afferents from different sensory 
modalities. Building coherent representations of the environment requires integrating multisensory inputs. 
Some conditions such as autism spectrum disorder, schizophrenia, Parkinson’s or Alzheimer disease exhibit 
sensory processing impairments and therefore, the perceptual experience of the world is altered.  
Here we investigated the cortical and subcortical responses elicited by separated and concurrent auditory 
and visual inputs through steady state evoked potentials (SSEPs). Seven mice were implanted with electrodes 
in medial prefrontal cortex (mPFC), thalamic reticular nucleus (TRN) primary auditory (A1) and primary visual 
(V1) cortex and responses to only visual, only auditory and auditory-visual SSEPs at 10, 20, 40 and 80 Hz were 
obtained and analyzed through coherence and event-related estimates.  
Across brain areas, concurrent and separated presentation of auditory and visual stimuli elicited evoked 
responses with different activation patterns across structures. Interestingly, the temporally congruent 
audiovisual condition elicited markedly enhanced auditory and visual SSEPs, that permeated to non-primary 
sensory areas (when compared to the only-visual or only-auditory SSEPs)  
Taken together, these observations indicate that temporal congruency of audiovisual stimuli enhances the 
processing of multisensory inputs at sensory-specific stages of cortical processing, possibly through a dynamic 
binding of cortical and subcortical structures.  
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Different brain states are associated with specific patterns of cortical emergent activity. A highly synchronized 
activity pattern, slow oscillations, not only is associated to periods of deep sleep and anesthesia, but also to 
pathological conditions like non-responsive wakefulness syndrome and coma, and locally, to perilesional 
areas such as stroke. Neuromodulation techniques attempt to control neural activity, and their development 
is relevant for basic neuroscience and eventually, for the repair of disrupted functions in neurological 
disorders with altered activity patterns. A promising neuromodulation tool is photopharmacology, which is 
the control by light of drug activation, following chemical drug manipulation to be photoswitchable. Here, we 
investigated the effects of one of such novel drugs, BQCAAI (BAI), a photoswitchable type 1 muscarinic agonist 
obteined by the combination of benzyl quinolone carboxylic acid (allosteric part) with the muscarinic agonist 
Iperoxo (orthosteric part), to determine its effects over synchronized network activity - slow oscillations- in 
the cerebral cortex in vitro and in vivo. Our results show that slow wave activity was transformed into a faster 
oscillatory pattern in both preparations of the cerebral cortex following the illumination of the brain tissue 
containing BAI (1 micromolar BAI was used for in vitro and 5 micromolar BAI was used for in vivo experiments), 
demonstrating the effectivity of BAI. Higher BAI concentrations (> 10 micromolar) resulted in an epileptiform 
effect at in vitro. Interestingly, such epileptiform effect was not evoked by M2 muscarinic agonists (Barbero-
Castillo et al, 2021, Advanced Science). Our results demonstrate that epileptiform effects of classical epilepsy 
models (pilocarpine) are indeed, M1-mediated, and sensitive to blockade by pirenzepine. These results shed 
light on the contribution of M1 acetylcholine receptor to cortical dynamics and validate the use of 
photoswitchable drugs for the spatiotemporal modulation of brain networks by light without requiring any 
genetic manipulation.
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The presente work shows the phenotype characterization of a murine genetic model of absolute blindness. 
The animal model is based on the combination of a mutation in the Pde6brd10 gene, which results in a 
photoreceptor degeneration, together with a mutation in the Opn4 -/-  gene, responsible of the melanopsin 
expresion in intrinsically photosensitive retinal ganglion cells.  
The characterization of the visual functions of a double mutant Opn4 -/-  x Pde6brd10 (OxRd) murine model 
has been carried out, applying a battery of behavioral tests, as well as in vivo electrophysiological recordings, 
which allowed us to know the degree of functionality of the retina and visual pathways. A structural 
characterization of the retina was also carried out using immunohistochemical labeling on retinal sections. 
The results were compared with wt mice and murine animal models that present both mutations separately.  
The OxRd animals showed a total suppression of all visual abilities. The different behavioral tests showed that 
characteristic physiological visual reflexes and visual behavior of these animals, such as the rejection of 
illuminated spaces or the pupillary reflex, were totally inhibited. A complete decrease in visual acuity was 
observed by the optomotor test, as well as the absolute disappearance of the various components of the 
waves of the full-field and pattern electroretinogram (ffERG, pERG), indicating the functional loss of the 
different cellular components of the retina. Likewise, no visual evoked potential (VEP) could be recorded in 
these animals. Immunohistochemical labeling support these data, showing a marked degeneration of the 
outer retinal layers,  due to the of the Pde6brd10 mutation, as well as the absence of melanopsin labeling.  
The combination of the mutations in the Opn4 -/-  and Pde6brd10 genes has allowed us to generate an animal 
model that does not show any photosensitive element in its retina. This animal is unable to recognize light 
stimuli, which makes it a potential tool for the study of new therapeutic agents such as optosensitive agents. 
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The relationship between acoustic stimuli and emotions is very intriguing. The posterior intralaminar nucleus 
of the thalamus (PIN) acts as an interface between the auditory system and the limbic system: it receives 
information from neurons of the most superficial layer of the inferior colliculus (IC) and innervates the 
amygdaloid complex. Despite this pivotal role, the projection from the IC to the PIN remains to be studied in 
detail.  
To characterize the projection from the IC to the PIN, we have injected the anterograde tracers Phaseolus 
vulgaris-leucoagglutinin (PHA-L), biotinylated dextran amine (BDA) and tetramethylrhodamine-conjugated 
dextran (D-TMR) into the superficial layers of the external cortex of the rat IC (ICx) and analyzed the trajectory, 
morphology and distribution of the axons labeled in the PIN. To delimit the PIN, we followed neurochemical 
criteria, because this nucleus is immunonegative for parvalbumin and immunopositive for calretinin and 
calbindin (Márquez-Legorreta et al., 2016, Front Neuroanat 10:82). 
All three tracers provided congruent results, which showed that ICx axons run caudorostrally in the brachium 
of the IC and innervate diffusely the entire ipsilateral PIN identified neurochemically. Within the PIN, ICx 
terminal axons are thin and scarcely ramified, and bear small, homogeneous en passant and terminal synaptic 
boutons. Many labeled ICx axons extend rostromedially, past the PIN, to innervate the ipsilateral 
subparafascicular nucleus of the thalamus. Given the near absence of inhibitory neurons in the most 
superficial layer of the IC, the ICx-to-PIN projection is most likely excitatory. 
The present results refine the delimitation of the PIN and will serve as a basis for future morphological and 
functional studies. 
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Maternal behaviour is a social behaviour characterized by conducts undertaken with the objective of 
increasing the survivability of the progeny. Female mice show several well-described behaviours when 
exposed to pups; however, they change depending on the stage the female is in, i.e. mother or virgin. We 
believe that the innate responses shown by mothers when exposed to pups, are triggered by a series of stimuli 
released by pups, specifically, we think that vomeronasal (VNO) related stimuli are essential for this kind of 
behaviours. 
We have shown that pups activate the VNO in females compared with a non-social stimulus. Moreover, virgin 
and late-pregnant females show differential pup-induced activation of the vomeronasal amygdala, thus 
indicating hormone-induced changes in the response of females to pup chemosignals. 
In our study, we aim to: 
Find if pup-related volatiles are attractive for females (mothers and virgins), and explore if these have 
reinforcing properties over them. 
Identify pup-derived volatiles that could act as pheromones triggering maternal behaviours. 
First, we performed a conditioned place preference test, where females were exposed to anesthetized pups 
on one side and glass marbles on the other. Both stimuli were placed inside a stainless steel infuser so that 
females only had access to the volatiles released by pups. The results showed that while mothers found pup 
stimuli attractive and reinforcing, virgins did not. This suggests that pups produce volatile compounds acting 
as attractive pheromones for post-partum females. 
Next, we extracted the volatolome (set of volatiles) of neonatal pups and youngsters at the age of weaning 
(week 4).  Combining GC-MS with untargeted metabolomics we identified 10 volatiles present exclusively in 
the volatolome of neonatal pups. One of them, durene, has been shown to activate VNO neurons of adult 
mice. This and other identified compounds are good candidates for pup pheromones in mice. 
Funding: Generalitat Valenciana PROMETEO/2017/078 & GV/2020/173; Spanish Ministry of Science and 
Innovation PID2019-107322GB-C21; Universitat Jaume I UJI-A2019-14 
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Fatigue is one of the symptoms of many diseases such as multiple sclerosis, spinal cord injury and Parkinson’s 
disease. It is a very disabling symptom that has a very significant detrimental impact on the quality of life of 
patients. The mechanisms underlying this symptom are not yet well understood. It is necessary to establish 
neurophysiological biomarkers and to know differs between patients and healthy people. Understanding 
these mechanisms could help optimize symptom treatments. The objective of this study is to describe how 
brain oscillations behave in two different fatiguing tasks and which brain regions are involved in the fatigue 
developed by the two different fatiguing tasks. 
This study was carried out in healthy volunteers and was divided into two different experiments. 
In Experiment 1, subjects participated in a rs-fMRI study after completing a fatiguing task inside RM. The 
participants were randomized to completed two different fatiguing tasks, an isometric task or a finger tapping 
task during two minutes. In Experiment 2, participants completed a crossover fatiguing-EEG study, with an 
isometric task and a finger tapping task during two minutes. 
Results showed different brain regions involved in the two different tasks mechanisms of fatigue triggered by 
isometric contraction and repetitive movements. The consideration of these differences might help to 
optimize the study of fatigue in physiological conditions and neurological disorders.  
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The study of behaviour allows us to contextualize and provide biological meaning to experimentally acquired 
physiological and molecular data. Properly designed, behavioural tests represent a powerful tool for 
disambiguating neurophysiological processes that operate in parallel or sequentially. Encoding and retrieval 
of declarative memory are the two sides of the coin with respect to the neural mechanisms of learning [1]. 
Often, loss- and gain-of-function experiments to study the mechanisms underlying specific memory processes 
focus on misleading learning curves during manipulations, which likely reflect their effect on encoding, 
storage, consolidation, and/or retrieval, without discriminating relative contributions, nor identifying possible 
confounding factors due to performance alterations (i.e., attention and motor effects). Here we present a 
modification of the delayed-matching to place protocol of the water maze [2] to investigate “everyday 
memory” formation. The test is based on spatial navigation in a large arena and the finding of a virtual 
(invisible) “platform”. Online video tracking of the animals is used to operate the maze, decreasing the light 
intensity in the room, and opening the access door to a home location when the animal crosses the target 
virtual platform location. The task requires remembering the location of the previous day platform and 
encoding the current location, to be tested on the next day. We show that, in a 3-day protocol with 
experimental interventions in the second day, this procedure allows dissociation between memory encoding, 
retrieval and consolidation, measured in the behavioural performance. Furthermore, the same animals can 
be tested repeatedly, increasing the statistical power in a longitudinal design. The implementation in a dry 
maze, facilitates concomitant electrophysiological recordings and brain network manipulations based on 
deep brain electric or optogenetic stimulation.  
 
[1] Rossato et al. Curr. Biol. 2018; 28(21):3508-3515.e5. 
[2] Steele, Morris. Hippocampus. 1999; 9(2):118–136. 
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Progressive cognitive decline and neuropsychiatric symptoms are common clinical features of Alzheimer’s 
disease (AD). Emotional disturbances, including anxiety and fear, occur very early during clinical AD, when 
individuals meet criteria for mild cognitive impairment. The mechanistic link between the classical cerebral 
disease pathological features, amyloid-β (Aβ) and tau, and amygdala-dependent emotional symptoms in AD 
is largely unclear. Here we show that anxiety and fear symptoms are associated with Aβ accumulation but not 
tau pathology in emotion-related brain regions of AD transgenic (Tg) mice. By generating and analyzing 
littermate control, APP, Tau and APP/Tau Tg mice we demonstrate an age-dependent increase of Aβ and 
phospho-tau accumulation in the hippocampus and basolateral amygdala (BLA) of APP/Tau Tg mice. Both 
males and females APP and APP/Tau Tg mice, but not Tau Tg mice, displayed enhanced innate and 
conditioned fear symptoms and a deficiency in extinction fear memory consolidation coinciding with 
enhanced accumulation of Aβ in β-aminobutyric acid (GABA)ergic neurons of the BLA. This behavioral 
alterations occur in parallel with decreased activity of hippocampal neurons as assayed in APP/Tau; cfosp-
EGFP reporter mice. Overall, these results suggest a novel pathogenic role of intraneuronal Aβ in GABAergic 
interneurons on anxiety and fear symptoms in AD. This study clarifies the relationship between amyloid and 
tau pathologies, and it provides a useful mouse model to delineate the neurobiological and pathological 
mechanisms underlying neuropsychiatric symptoms in AD. 
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It has been recently proposed that high sodium diet (HSD) triggers an immune response in the gut, 
characterized by an expansion of Th17 lymphocytes and increased IL-17 levels, which suppresses resting 
cerebral blood flow, leading to cognitive impairment (Faraco et al. 2018). Several studies have highlighted the 
importance of adult neurogenesis and hippocampal neuroinflammation in the development of dementia 
(Hort et al. 2019, Moreno-Jimenez et al. 2019). However, these processes have not been studied in the 
context of HSD. Here, we hypothesize that the immune receptor TLR4, due to its participation in both 
neurogenesis and immune response, could be involved in the development of cognitive impairment 
associated with HSD. 
For investigating this, eight-week-old male wild type C57Bl/6 (WT) and TLR4-deficient B6.B10ScN-Tlr4lps-
del/JthJ (TLR4-/-) mice were fed either a normal diet (ND, 0.4% NaCl) or a high sodium diet (HSD, 4% NaCl). 
Hippocampus-dependent memory deficits were evaluated after 5 weeks of diet using the Contextual Fear 
Conditioning test (CFC). Neurogenesis and neuroinflammation were evaluated by immunohistochemical 
studies and cytokine levels were assessed in brain and plasma. 
 Our data demonstrate that, in WT mice, HSD-induced memory deficits in the CFC shown by a lower freezing 
response compared to those mice fed with ND. On the contrary, this deficit was not present in TLR4-/- HSD 
animals. In addition, HSD in WT mice also promoted a reduction in hippocampal neurogenesis (demonstrated 
by the quantification of doublecortin+ cells), which positively correlated with cognitive impairment. Finally, 
WT HSD animals showed an increase in plasma levels of IL-17A, which was not observed in TLR4-/- HSD 
animals. 
In conclusion, HSD in rodents produces a peripheral immune response characterized by increased IL-17A 
levels, which promotes a decrease in hippocampal neurogenesis and cognitive deficits in hippocampus-
dependent memory. This immune response is not present in TLR4-/- animals, suggesting that TLR4 plays a 
crucial role in the development of cognitive impairment associated to HSD-induced IL17-dependent pathways 
in this model. 
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Chronic cerebral hypoperfusion due to carotid artery stenosis is one of the main causes of vascular cognitive 
impairment (VCI), the second cause of dementia behind Alzheimer’s disease (AD; Iadecola 2013). Bilateral 
common carotid artery stenosis (BCCAs) in rodents is a well-established model of cerebral hypoperfusion in 
which most studies have focused on white matter pathology and subsequent cognitive deficit. Several reports 
have recently highlighted the importance of adult neurogenesis and neuroinflammation in the development 
of dementia (Hort et al. 2019, Moreno-Jimenez et al. 2019). However, so far, the implication of these 
processes in the BCCAS model and its relationship with cognitive hippocampal deficits have not been 
addressed. 
To that aim, mice were subjected to global cerebral hypoperfusion by using the BCCAS procedure, and 
hippocampal memory and neurogenesis were assessed after 3 months. Cognitive function was evaluated 
using the Novel Object Location test (NOL). Hippocampal neurogenesis and neuroinflammation were 
evaluated by immunohistochemical methods, and cerebral cytokine expression was measured by RT-qPCR. 
Hypoperfusion was assessed by arterial spin labelling-MRI. 
Our data demonstrate that hypoperfused mice displayed hippocampus-dependent memory deficit 
demonstrated by a lower recognition index in the NOL than sham control animals. Along with the cognitive 
deficit, neurogenesis assessed by the number of doublecortin-positive cells showed a significant decrease in 
BCCAS-mice and their analysis also suggest an altered morphology. Finally, our results also showed that 
hypoperfusion promotes a reduction in microglia branches. 
Therefore, we can conclude that the hypoperfusion originated by BCCAS mouse model in brain lead to 
cognitive deficit concomitant to impaired hippocampal neurogenesis and morphological alterations in the 
microglia.
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Microglia, the resident immune cells of the CNS, have been implicated in brain plasticity and function. 
However, the mechanisms remain largely unknown. Here, we show that Cre-dependent removal of the RelA 
subunit of the NF-κB transcription factor from adult microglia results in impaired learning and long-term 
potentiation. Depletion of RelA elicits changes in chromatin accessibility and transcriptome landscapes of 
microglia associated with specific gene regulatory programs driving the activation of specific microglia 
phenotypes. Our findings suggest that NF-κB gene products drive specific microglia phenotypes modulating 
neuronal circuits for learning and memory. 
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In contextual fear conditioning (CFC), learning occurs when an aversive foot-shock (unconditioned stimulus, 
US) is presented within a context (conditioned stimulus). Hippocampal circuits, in particular CA1 and dentate 
gyrus (DG), integrate sensory and spatial information and contribute to the formation of the associative 
memory. Learning is expressed in the form of a conditioned response (CR, freezing), which can be restricted 
to the conditioning context (discrimination) or extended to a similar neutral context (generalization). 
Although mice discriminate contexts efficiently, they show a wide range of CR persistence in both conditioning 
and neutral contexts. The objectives of this work are: 1) To identify behavioural traits and learning conditions 
that influence this variable discrimination capacity and 2) to elucidate the impact of those behavioural traits 
and learning conditions on the activity of CA1 and DG neurons using fibre photometry. 
 
We first analysed several behavioural traits (locomotion, centre/periphery exploration, shock reactivity, 
freezing) throughout the CFC training and test sessions. Correlation analysis showed multiple significant 
associations of behavioural traits with discrimination suggesting that individual variation in natural 
behaviours may predict discrimination capacity. Regarding learning conditions, we found a significant 
correlation between the position within the cage (centre or periphery) where mice received the US and 
discrimination. Based on this, we designed an experiment to control shock reception zone. This manipulation 
resulted in differences in mice discrimination, suggesting that learning conditions influence context 
discrimination. Fibre photometry revealed that locomotion, US and freezing differentially modulate the 
activity of CA1 and DG. Importantly, we observed different levels of neuronal activity depending on the cage 
position (centre/periphery) occupied by mice. 
 
In conclusion, our results show that discrimination capacity relies on learning conditions that affect the 
hippocampal circuits responsible for memory encoding. This suggests that learning conditions regulate 
discrimination through modulation of neural networks involved in associative learning. 
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Cognitive reserve (CR) theory hypothesizes that some lifestyles such as years of formal education may 
modulate the relationship between cognition and age-related brain changes. The aim of this study was to 
characterize the longitudinal (2-year follow-up) functional magnetic resonance imaging (fMRI) changes and 
cognitive trajectories among healthy older participants stratified at baseline according to their education level 
(as a proxy of CR) and the degree of white matter hyperintensities (WMHs) exhibited (i.e., degree of atrophy). 
Eighty-six participants (aged: 63-75 years at baseline) were included. At the two time-points, we acquired MRI 
data in a 3T Siemens scanner: T1-weighted 3D MPRAGE, FLAIR and fMRI-EPI scans during an N-back task. 
FLAIR images were used to compute the WMH volume using LST toolbox from SPM and fMRI scans were 
analyzed using FEAT-FSL software, statistical significance was set at p<0.05 and z>2.3 (cluster wise corrected). 
We found that education contributed positively to a higher cognitive level in the intercept, rather than 
modulate the slope. However, WMH burden mediated the relationship between CR and cognition. Among 
the high educated participants, those with high WMHs seemed to resist the increase in WMH volumes 
through the over-activation of task-related areas and the recruitment of additional brain regions. In contrast, 
those participants with low WMH showed a young-like activation pattern and cognitive stability. Regarding 
the low educated participants, the increase in WMHs induced a decrease in cognitive performance, and the 
fMRI analyses suggested an unsuccessful attempt of compensation through the recruitment of non-task-
related areas. 
Our findings demonstrate that education is related to a better cognitive progression in cognitively normal 
older adults, but it does not predict cognitive trajectory on its own since WMHs load has an impact on brain 
activation, resulting in distinct cognitive profiles. 
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Humans can simultaneously and easily shift between automatic/habitual to voluntary/goal-directed modes 
of behavioural control. Habits (stimulus-response) allows us to perform well-practiced tasks with minimal or 
no conscious effort. In Parkinson disease (PD), there is a differential loss of dopamine (DA) along the caudal 
sensorimotor putamen initially transferring to more rostral regions as the disease progresses. The 
sensoriomotor putamen is primarily implicated in habitual control of behaviour therefore possibly explaining 
some motor deficits in PD such as arm swinging, walking and writing. 
Our aim was to investigate with a more ecological approach whether early dopaminergic cell loss in PD (a) 
alters everyday life motor habits and (b) if as well cognitive everyday life habits are impaired in PD compared 
to controls. 
We measured habitual behaviour in 36 early PD patients and 44 HC during performance of a natural habitual 
motor (handwriting, one of the most well-learned and automatic tasks) and cognitive tasks (PD = 14; HC = 14) 
(Go/noGo Associations Tasks GNAT on implicit bias). Tasks were developed to differentiate between habitual 
and goal directed components. In the writing task, we collected data from the most automatic (e.g. signature, 
Spanish) to more goal-directed conditions (e.g. Polish, Greek). In the GNAT, we used four kind of stimuli to 
create four possible Go conditions: two congruent and two incongruent associated to familiar and unfamiliar 
associations. 
In the natural habitual motor task (handwriting), PD patients showed reduced automatism in the execution 
of habitual conditions (Spanish and signature writing) compared to controls. However, in the cognitive 
habitual task, results reveal similar habitual responses in both groups, showing faster responses for congruent 
conditions than incongruent ones.  
Our results suggest larger differences in the motor domain of everyday life habits whereas the cognitive one 
remains unaffected in early PD, indicative of  specific deficient use of motor habits. 
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Cognitive dispersion index (DI) is defined as individual variability in performance across cognitive tests, which 
has been proposed as an independent predictor of cognitive decline and it has been associated with 
alterations in brain functional integrity. Our aim was to study the interactions between DI and cognitive 
complaints defining their cerebral functional correlates using System Segregation (SyS), a graph metric that 
quantifies how resting-state networks are segregated from each other. 
A total of 619 healthy volunteers (age range: 45-66 years; 301 female) from the Barcelona Brain Health 
Initiative (https://bbhi.cat/en/) cohort with available neuropsychological assessment and functional Magnetic 
Resonance Imaging (fMRI) acquisitions were included in our analyses. The sample was stratified into high 
(N=285) and low (N=333) cognitive complaints reported by Neuro-QoL. Then, we computed DI for episodic 
memory (EM-DI), executive functions (EXE-DI) and speed of processing (SP-DI), as well as for global cognition 
(C-DI). Individual SyS was estimated based on Schaefer fMRI atlas resting-state networks. All the analyses 
were adjusted by age, gender, and years of education. 
Those subjects with low cognitive complaints exhibited higher performance than those with high complaints 
regarding SP (t=3.455, p=0.001), EXE (t=2.785, p=0.006) and global cognition (t=2.724, p=0.007). However, 
there were no group differences for DI measures, neither for SyS. Taking into account each group 
independently, those subjects with high cognitive complaints evidenced negative correlations between 
almost all DI measures and the corresponding performance (EM-DI and EM: r=-0.131, p=0.027; EXE-DI and 
EXE: r=-0.136, p=0.022; C-DI and global cognition: r=-0.148, p=0.013). Interestingly, SP was associated with 
lower EM-ID performance (r=-0.158, p=0.008) and higher SyS  (r=0.154, p=0.017). No significant correlations 
were identified for the low-complains group. 
Segregation of the brain’s connectome into distinct functional networks was associated with speed of 
processing among subjects with higher rates of cognitive complaints. 
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Recent chronic imaging experiments in mice have revealed that the hippocampal code exhibits non-trivial 
turnover dynamics over long time scales [1]. Specifically, the subset of cells which are active on any given 
session in a familiar environment changes over the course of days and weeks. While some cells transition into 
or out of the code after a few sessions, others are stable over the entire experiment. The mechanisms 
underlying this turnover are unknown. Here we show that the statistics of turnover are consistent with a 
model in which non-spatial inputs to CA1 pyramidal cells readily undergo plasticity, while spatially tuned 
inputs are largely stable over time. The heterogeneity in stability across the cell assembly, as well as the 
decrease in correlation of the population vector of activity over time, are both quantitatively fit by a simple 
toy model with Gaussian input statistics. In fact, such input statistics emerge naturally in a network of spiking 
neurons operating in the fluctuation-driven regime. This correspondence allowed us to map the parameters 
of a large-scale spiking network model of CA1 onto the simple statistical model, and thereby fit the 
experimental data [2] quantitatively.   
Our model suggests that the internal representation of space in the hippocampus evolves over time mainly 
due to changes in non-spatial inputs, which may represent changing contextual cues, or simply the passing of 
time. It also suggests that the locus of plasticity underlying turnover may be in the inputs from the entorhinal 
cortex, and not necessarily CA3. 
 
[1] Ziv, Yaniv, et al. "Long-term dynamics of CA1 hippocampal place codes." Nat Neuroscience 16.3 (2013): 
264. 
 
[2] Rubin, Alon, et al. "Hippocampal ensemble dynamics timestamp events in long-term memory." Elife 4 
(2015): e12247.
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During perceptual decision making, sensory information can be accumulated using distinct strategies; 
weighting some stimulus epochs more heavily than others.  A recent study has shown that primates can 
flexibly adapt their temporal weighting strategy to the stimulus statistics (Levi et al., Eneuro 2018). Sensory 
stimuli with more information at the beginning of the trial produced early weighting, while stronger sensory 
evidence in later stimulus epochs caused a switch to a late weighting strategy. 
 
To shed light on how this flexible adjustment can be mechanistically implemented at a neuronal level, we 
used a two-area firing rate model composed of a sensory and a decision circuit with bottom-up and top-down 
connectivity (Wimmer et al., Nat. Commun. 2015). We included a time-varying modulation signal, (“choice 
commitment” signal), that altered the attractor dynamics of the decision circuit. This modulation signal 
affected the decision circuit in two ways. Firstly, it initiated the decision process by pushing the network into 
a competition regime. Secondly, it changed the decision dynamics by accelerating or delaying the choice, 
similar to an urgency signal.  
 
The model could reproduce the experimentally observed primacy weighting for early and flat stimulus 
statistics and late weighting for late stimulus conditions when the time-course of the modulation signal 
reflected the stimulus statistics. We reasoned that the modulation signal may be related to the subject’s task 
engagement, which we measured as the time needed to execute a successful fixation at the start of the trial. 
Consistent with the model, we found that the subject's engagement was higher (faster fixation) in the early 
weighting condition and lower (slower fixation) for the late condition.  
 
Preliminary analysis of neural data recorded from areas MT and LIP indicated that the neurons’ pre-stimulus 
activity was correlated with task engagement, providing further evidence for the modulation signal. 
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Adaptive behavior in a perceptual decision making (PDM) task involves a trade-off between the performance 
deficit of responding too soon and the cost of time associated to gathering evidence. The optimal solution to 
this problem has been understood using the Partially Observable Markov Decision Process framework 
(POMDP). However, these kinds of policies assume perfectly rational agents and therefore ignore constraints 
that real agents have to confront. Here, we generalize ideas from optimal control theory to derive optimal 
policies that solve a categorical PDM task in the presence of a “cost of control”, which penalizes policies that 
deviate from the agent’s default actions. 
In particular, we consider the effect of impulsivity, a spontaneous tendency to respond (consistent with the 
concept of exploration). 
 
We provide semi-analytical solutions for the probability that the agent will choose an option at a given time 
with a given belief, deriving predictions on measurable observables: choice, reaction time (RT) and decision 
confidence. We show that when the cost of control is significant, the behavior of decision confidence departs 
from the POMDP solution and resembles predictions of signal detection theory. Moreover, this regime also 
provides a natural account of “lapses” dictated by the default dynamics, as opposed to the standard 
descriptions that rely on an ad-hoc independent guessing process. Finally, we showcase the model’s ability to 
generate history effects through a biased default policy, which can be modulated through the cost of control 
and contrasts with the effects generated by reward asymmetries or typical history-dependent heuristics.  
 
Overall, our results clarify the link between the observed phenomenology of decision confidence and different 
notions of optimality, and also provide a more general notion of normative behavior that includes both task 
contingencies as well as unavoidable costs faced by real organisms. 
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An interaction between intrinsic and environmental factors probably contributes to the molecular processes 
that drive Alzheimer Disease (AD). Although variation in specific genes increases the risk of AD, one of the 
main risk factors is age. However, how molecular processes of aging predispose to, or become deregulated in 
AD, still remains to be understood. Studies in different organisms from invertebrates to humans show that 
the Aryl Hydrocarbon Receptor (AhR), that integrates environmental stimuli (from pollutant to diet 
components with agonist properties) into transcriptional changes, is implicated in the aging process and 
therefore, we decided to investigate its role in age-associated neurodegeneration.  
To that aim, we crossed the APPNLF knock-in mouse model of AD with an AhR knockout mouse (AHR-/-). 
Histological characterization of plaque development, soluble and insoluble Aβ loading, and tandem mass 
tagging (TMT)-based quantitative proteomics analysis of cortex samples were carried out for investigating the 
potential role of AhR in AD development.  
Our results demonstrate that the absence of AhR reduces amyloid plaque formation, Aβ load and plaque-
associated dystrophic neurites. Importantly, correlation network analysis and functional enrichment from 
proteomic data identified a set of pathways associated with mitochondrial metabolism, neuron projection 
and synaptic vesicles among others.  
Therefore, we can conclude that AhR plays a pivotal role in the development and progression of AD and 
suggests that the AhR pathway and/or its modulation by exogenous or endogenous agonists can be explored 
for AD therapy. 
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Tau protein aggregates are a key element in the development of certain neurodegenerative diseases, defined 
as tauopathies. This type of diseases includes relevant pathologies such as Alzheimer’s Disease (AD) which 
affects more than 47 million people worldwide [1]. When Tau becomes pathological it might induce 
neurodegeneration through different mechanisms [2], causing a disruption of synaptic communication and, 
therefore, changing the functional organization of the neuronal circuit. Due to sheer size of the brain, and the 
difficulty to monitor tauopathies at a cellular scale, an interesting approach is to use in vitro neuronal circuits 
derived from mouse brain. Here we use such idea to understand tau-induced functional alterations in vitro 
and to develop strategies to block tau action and protect the neuronal circuits.   
To prepare the neuronal cultures, cortical mouse embryos tissue is mechanically dissociated and planted in 
glass covers. Cells are infected with an adeno-associated virus, GCamp-6, a calcium marker, at day in vitro 1 
(DIV 1) and treated with Tau and different control conditions every time the medium is changed.  Spontaneous 
activity is registered every from DIV 7 to DIV 16 with the help of a fluorescence microscope attached to a 
hight-speed camera. Data then is analysed applying MATLAB routines developed in Soriano’s Lab.  
We found that the tau-treated, pathological neuronal cultures exhibit a tendency towards an excessive 
synchronization, which we associate to the damage or loss of activity-regulatory mechanisms in the neuronal 
networks.  
The project leading to these results has received funding from “la Caixa” Foundation (ID 100010434) under 
the agreement LCF/PR/HR19/52160007. Its main objective is to determine the molecular mechanism involved 
in different tauopathies, characterise the spread of Tau in neuronal circuits and develop possible selective 
treatments that slow or prevent the spread of Tau molecular aggregates.  
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Adult neurogenesis occurs in two neurogenic niches: the ventricular-subventricular zone (V-SVZ) and 
subgranular zone (SGZ). The V-SVZ is composed by a heterogeneous cellular population: neural stem cells (B 
cells), intermediate progenitors (C cells), young migrating neurons (A cells), ependymal cells and mature 
astrocytes. V-SVZ zone can generate new neurons, oligodendrocytes, and astrocytes, which migrate to an 
adequate position. New neurons mainly migrate to olfactory bulbs (OB) throughout the rostral migratory 
stream (RMS). In Alzheimer’s disease, both olfactory loss and neurogenesis impairment have been described 
at a very early state. 
We aimed to investigate neurogenesis and neuronal migration in the V-SVZ in a murine model of Alzheimer’s 
disease, the APP/PS1 mice model. We measured the levels of proteins involved in senescence ( -gal), 
apoptosis (Smac-DIABLO), neural progenitors (DCX and PSA-NCAM) and mature neurons (NeuN) and in some 
cases, we determine their co-localization by immunofluorescence technique and we obtained microscopy 
images from the V-SVZ, RMS and OB; also we use flow cytometry for cell cycle characterization. 
Our results showed that migrating precursors neurons were accumulated in the V-SVZ in the APP/PS1 mice 
model. Furthermore, we found an increase of cells in the G1 phase and a decrease in the S phase in V-SVZ 
from APP/PS1 mice. We observed that the accumulated migrating cells were in a senescence state, while an 
important proportion of astrocytes suffered apoptosis in the V-SVZ of the APP/PS1 mice. Finally, we 
determined that in the RMS from APP/PS1 mice there were fewer migrating neurons than in WT; and in the 
olfactory bulb of APP/PS1 mature neurons decreased. These results indicate a failure in the neural migration. 
To sum up, we conclude that neural migration is impaired in a mice model of Alzheimer’s disease probably 
contributing to the early symptoms of the disease. 
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Apolipoprotein E4 (APOE4) is the main genetic risk factor for many diseases, including Alzheimer’s disease 
(AD). However, while oxidative stress is a characteristic of AD pathology, our previous study found that young 
healthy APOE4 carriers present reductive stress. As AD pathology starts years before the onset of clinical 
symptoms, it is possible that the oxidative status of APOE4 carriers might change as they reach middle age. 
Therefore, we conducted a prospective study with the objective of analyzing the oxidative status of the same 
APOE4 carriers, after a 10-year interval. We recruited 39 cognitively healthy adults that participated in the 
previous study, 24 APOE4 carriers (14 heterozygous and 10 homozygous) and 15 non-carriers. Subjects had a 
mean age of 52 years (range 35-64 years) and 61% were women. Blood samples were collected from all 
subjects and levels of plasma malondialdehyde (MDA) and whole blood glutathione were measured by high 
performance liquid chromatography and spectrophotometry, respectively. Levels of oxidized (GSSG) and 
reduced glutathione were used to calculate oxidized/reduced ratio. Current results showed that, although 
there were no differences in glutathione levels, APOE4 carriers presented significantly higher levels of MDA 
when compared to non-carriers. Furthermore, APOE4 carriers presented a significant increase in GSSG, 
oxidized/reduced ratio, and MDA levels through time, which did not occur in non-carriers. Although age 
affected MDA levels in APOE4 carriers, with a higher increment in those subjects older than 50 years, gender 
and genotype had no effect on either blood parameter. We concluded that the oxidative status of the 
cognitively healthy, middle-aged APOE4 carriers in our study changed through time, with a reversal of the 
previous reductive stress and current higher markers of oxidative damage. 
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Demyelinating diseases such as Multiple Sclerosis (MS) are a collection of pathologies that involve the 
degradation of the myelin sheath of the neurons, resulting in severe handicaps for neurological physiology. 
Oligodendrocyte precursor cells (OPCs) are the cells that upon differentiation and maturation (re)generate 
the myelin necessary for the correct function in central nervous system (CNS). Thus, finding pharmacological 
approaches to stimulate OPCs maturation into myelinating oligodendrocytes (OLs) is considered one the of 
the great challenges in MS treatment. Previous work from our group has shown the effect of compounds that 
enhance this (re)myelinating process [1]. 
 
However, one of the additional key challenges on systemically administered drugs is finding strategies to 
deliver them into their specific target organs or cells. In this sense, small peptides have previously exhibited 
promising features as target-specific interactors [2], thus becoming interesting putative carriers in hybrid 
molecule (carrier-drug) treatment strategies.  
 
In this work, we utilized ad hoc designed small peptides, CTB2.20 and CTB 2.21 labelled withfluorophore Cy3 
to validate the specificity of those peptides delivering small molecules into OPCs, both in vivo and in different 
cell cultures. 
 
1. Medina-Rodríguez, E.M., et al (2017). Promoting in vivo remyelination with small molecules: a 
neuroreparative pharmacological treatment for Multiple Sclerosis. Sci Rep 7, 43545. 
2. Lau, J.L., et al (2018). Therapeutic peptides: Historical perspectives, current development trends, and 
future directions. Bioorg Med Chem 26, 2700-2707. 
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Men have a higher incidence and prevalence of Parkinson’s disease (PD), earlier disease onset, more severe 
motor symptoms and progression, and more frequent cognitive decline compared to women. However, most 
PD studies do not consider the influence of sex, thus the molecular mechanisms underlying sex differences in 
PD remain unknown. Sex steroids modulate dopaminergic pathways, in both normal and pathological states, 
and estrogens improve PD symptoms in both men and women. Estrogens are also able to modulate melanin 
production in the skin and we have recently reported, in both humans and experimental animals, that 
excessive age-dependent intracellular neuromelanin accumulation above a pathogenic threshold triggers PD 
pathology. Here we assessed whether differences in neuromelanin production/accumulation could underlie 
the differential effect of sex on PD. First, using postmortem human brain tissue, we found that intracellular 
neuromelanin levels within nigral dopaminergic neurons from age-matched control subjects are significantly 
higher in men than in women and that men reach earlier the pathogenic threshold of neuromelanin 
accumulation, even in absence of overt PD. We then assessed the effect of sex on the only rodent model 
currently available of age-dependent neuromelanin production within PD-vulnerable neurons, based on the 
viral vector-mediated expression of melanin-producing enzyme tyrosinase (AAV-hTyr) in the substantia nigra 
of rats. This model, developed by our group, exhibits major PD features in parallel to progressive 
neuromelanin accumulation. We observed that AAV-hTyr-injected male rats exhibit an earlier and greater 
accumulation of neuromelanin compared to female animals, reaching earlier the pathogenic threshold of 
intracellular neuromelanin accumulation. Remarkably, ovariectomized (OVX) female rats injected with AAV-
hTyr accumulated neuromelanin more rapidly than non-OVX female animals and ultimately reached 
pathological neuromelanin levels similar to their male counterparts. These results suggest that an 
increased/accelerated accumulation of neuromelanin in men across life may underlie their higher risk to 
develop PD, compared to women. 
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Oxidative stress (OS) is a prodromal signature associated to the debut and progression of Alzheimer’s disease 
(AD). OS is often described as a self-propagating phenomenon caused by an imbalance between oxidant and 
antioxidant systems, namely an overproduction of reactive oxygen species (ROS), which overwhelms the 
intrinsic antioxidant defenses. In AD, there is a growing evidence supporting the link between ROS-mediated 
damage and mitochondrial dysfunction, with endoplasmic reticulum (ER) stress and proteostasis imbalance. 
Our previous work demonstrated the protective role of ubiquinol (Ubi), the reduced form of coenzyme Q10 
(CoQ10), in the 3xTg-AD mice model of AD, preventing hypoxia and amyloid-β (Aβ) peptide deposition in 
hippocampal and neocortical areas at onset (6 months) and advanced (12 months) stages of disease in animals 
fed with Ubi-supplemented diets from premorbid (2 months) ages. Using a similar approach, 2-month-old 
wild-type and 3xTg-AD mice were fed with standard or Ubi-supplemented diet, up to 6- and 12-month. After 
performing behavioural tests, animals were perfused, brains were included in paraffin and sections were 
analyzed and visualized by MALDI Imaging. Proteins inferred from significantly altered m/z peaks were 
analyzed and clustered with MEV4 and Metaboanalyst 5.0, followed by FunRich and STRING. Results were 
validated by immunofluorescence and confocal microscopy in hippocampal and cortical areas. Behavioral 
tests showed an Ubi-dependent rescue in the AD-associated cognitive decline. MALDI-Imaging analysis 
revealed age-dependent differential peptide signatures in the 3xTg-AD model vs. wt mice in hippocampal and 
cortical areas, being altered those related to protein translation, ROS production and ER stress, among others. 
Our results indicate that Ubi-supplemented diets could delay AD progression in the 3xTg-AD model by 
reducing OS and maintaining the proteostasis balance.
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Parkinson’s disease (PD) is characterized by a preferential loss of neurons that contain the pigment 
neuromelanin, especially dopaminergic neurons of the substantia nigra (SN), and the presence in affected 
neurons of alpha-synuclein (aSyn)-containing insoluble cytoplasmic aggregates termed Lewy bodies (LB). 
While aSyn aggregation is considered a central pathogenic event in PD, the mechanisms and significance of 
LB formation remains unknown. In PD brains, LBs appear in close physical association with neuromelanin 
within affected neurons. In addition, it has been reported that aSyn redistributes to the lipid component of 
neuromelanin at early PD stages and that aSyn is entrapped within neuromelanin granules extracted from PD, 
but not control, brains. The increased concentration of neuronal aSyn and neuromelanin pigment in SN 
neurons may predispose these neurons to LB formation and cell death. However, it has not been possible yet 
to experimentally assess in vivo a potential pathological interaction between aSyn and neuromelanin because, 
in contrast to humans, neuromelanin is absent in common experimental animals such as rodents. We recently 
developed the first rodent model of human-like neuromelanin production based on the viral vector-mediated 
nigral expression of melanin-producing enzyme tyrosinase (AAV-hTyr). This has revealed that neuromelanin 
can trigger PD pathology when accumulated above a specific pathogenic threshold. Here we assessed the 
potential interaction between aSyn and neuromelanin by combining aSyn overexpression with hTyr-induced 
neuromelanin production in rodents. Compared to regular non-melanized animals, AAV-mediated nigral 
expression of human aSyn in melanized hTyr-expressing rodents resulted in an increased formation of aSyn 
oligomeric species within melanized neurons, as assessed by proximity ligation assay (PLA), an enhanced and 
continuous production LB-like inclusions and an aggravated nigrostriatal denervation. Our results indicate 
that increased levels of aSyn, as it occurs in PD patients, may accelerate and enhance neuromelanin-linked 
PD pathology. 
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Several important cognitive functions affected by traumatic brain injury (TBI) depend on the hippocampus, 
which harnesses several forms of neural plasticity, among them adult neurogenesis, the generation of new 
neurons throughout life. Adult hippocampal neurogenesis is a process involved in memory, learning and 
control of anxiety, cognitive functions which result impaired after TBI. We hypothesize that TBI induces fast 
and long-term changes in both neural stem cells (NSCs) and newborn neurons which could subsequently alter 
hippocampal and brain functioning. Using a model of controlled cortical impact (CCI) we have found that TBI 
has a dual effect on neurogenesis: In the short term (up to two months) it causes an increase in the number 
of newborn neurons but with aberrant migration, increased soma size and altered electrophysiological 
properties; in the long term, neurogenesis results impaired by a reduction in the number of  immature 
neurons. We also suggest that the alteration in the expression of Rho Family GTPase 2 (Rnd2) could be causing 
some of the morphological changes in the immature neurons as well as their aberrant migration and thus 
could be a target to prevent TBI-induced aberrant neurogenesis, a hypothesis that we are currently 
investigating at the cellular level. In addition, we have found that NSCs get activated in higher numbers early 
after TBI, a result that could explain the later reduction in neurogenesis. 
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Pain and depression are frequently comorbid disorders and both are more prevalent in women than men. 
The neurobiological mechanisms underlying this comorbid situation are still unknown and poorly investigated 
according to the sex. Kynurenine metabolism is hypothesized to be a pathway linking pain and depression, in 
part, by the role of the kynurenine in the central nervous system.  
Hence, we propose that neuropathic pain could alter the kynurenine pathways promoting the onset of anxiety 
and/or depressive-like behaviors. Thus, sensorial and depressive-like behaviors, as well as plasma and central 
levels of tryptophan and kynurenine in a mice model of neuropathic pain (chronic constriction injury, CCI) 
were evaluated by using ELISA technique at short (ST) and long-term (LT) after nerve injury in both sexes. 
Basal kynurenine plasma levels were significantly higher in females than in males. Nerve injured animals, CCI-
ST and CCI-LT, showed higher levels of kynurenine in the prefrontal cortex (PFC). This increase was specially 
relevant in the CCI-LT group and it temporally coincide with the onset of the depressive-like phenotype 
showed by an increase of the immobility time in the forced swimming test. Interestingly, kynurenine 
enhancement was significantly higher in the PFC of females in comparison with male mice.  
These data suggest that kynurenine is an important mediator in the comorbid chronic pain-depression 
situation and could be involved in the different sex-vulnerability observed in both pathologies.  
 
This study was supported by grants co-financed by the “Fondo Europeo de Desarrollo Regional” (FEDER)-UE 
“A way to build Europe” from the MINECO: RTI2018-099778-B-I00 and MINECO: P20_00958; the “Ministerio 
de Salud-ISCIII (PI18/01691); the “Consejería de Salud de la Junta de Andalucía” (PI-0134-2018); the 
“Programa Operativo de Andalucía FEDER, ITI 2014-2020 Consejería Salud, Junta de Andalucía” (PI-0080-
2017); Instituto de Investigación e Innovación en Ciencias Biomédicas de Cádiz (INiBICA LI19/06IN- CO22); the 
“Consejería de Economía, Innovación, Ciencia y Empleo de la Junta de Andalucía” (CTS-510); and the “Centro 
de Investigación Biomédica en Red de Salud Mental-CIBERSAM” (CB/07/09/0033).
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Vitamins, especially the alpha-tocopherol (αT) isoform of vitamin E (VitE), have been widely studied as an 
anti-ageing agent due to its well-known antioxidant properties. αT is highly sensitive to the action of external 
agents and its action is reduced by the presence of biological barriers, moreover it shows an erratic and 
irregular oral absorption due to its lipophilic characteristic. In this work, we had tested a αT nanoemulsion 
developed in our group after a single oral dose administration in C57BL/6J, SAMR1 and SAMP8 mice. After 
administration, mice were sacrificed and blood, liver, brain and lung samples were collected. Blood profile 
and tissue distribution of αT were analyzed by means of an optimized and validated LC-ESI-MS/MS method. 
The results revealed that the nanoemulsion increase αT levels in plasma, serum and liver compared to free 
αT and the senescence mice model (SAMP8 and SAMR1) present higher concentration of αT compared to 
C57BL/6J mice. However, as expected the results obtained in brain samples were completely different. In all 
groups of mice αT levels remained constant, none of the formulations administrated managed to increase αT 
concentration after a single dose administration. Considering that the development of nanostructures has 
made possible to increase the bioavailability of these compounds in blood and liver, further studies are 
needed to increase αT concentration in the brain in order to improve the neuroprotection through chronic 
administration. 
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Alzheimer´s disease (AD), which is characterized by progressive neurodegeneration, is the most common form 
of dementia. The ε4 allele of gene encoding apolipoprotein E (APOE gene) is the strongest genetic risk factor 
for AD among the three polymorphic alleles (APOE- ε2, APOE- ε3 and APOE- ε4). Increasing evidences have 
shown that APOE4 is associated with diverse aspects of AD pathogenesis, but the impact of different alleles 
on human astrocyte and neuronal differentiation, maturation and function remains to be fully elucidated. In 
order to clarify these questions, we obtained induced pluripotent stem cells (iPSCs) from fibroblasts of AD 
patients carrying the ε3 and ε4 alleles (in homozygosis) and from healthy patients. These iPSCs were fully 
characterised and their undifferentiated and pluripotent nature was confirmed. We also used gene-edited 
iPSC lines homozygous for the main APOE variants and an APOE knock-out line. Astrocytes and neurons were 
generated from human iPSCs by establishing differentiation protocols through the sequential addition of 
different small molecules and growth factors. iPSCs-derived astrocytes expressed typical markers (GFAP, 
GLT1, AQP4 and S100ß) as well as APOE and they exhibited functional features such as glutamate uptake 
capacity, calcium waves production and inflammatory stimuli response. iPSCs-derived neurons expressed 
neuronal markers (MAP2, TBR1, vGLUT, Calbindin, GABA) and showed a functional profile. APOE4 neurons 
displayed signs of degeneration confirmed by the release of amyloid-beta and increased levels of phospho-
Tau. These findings support the use of iPSCs-derived astrocytes and neurons as cellular models to investigate 
mechanisms of degeneration in AD and the connection between APOE and AD pathology. 
 
Supported by funds from MICIU (Agencia Estatal de Investigación, CIBERNED-ISCIII, and CSIC, Spain) and from 
the IMI-ADAPTED project (European Union´s Horizon H2020). 
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In Huntington´s disease (HD), the pathological condition occurs when the number of repeats exceeds a critical 
threshold (>35 CAG). However, sometimes these expansions remain within an intermediate range (27-35 
CAG), denominated intermediate alleles (iaHTT), normally associated with normal phenotype. We previously 
analysed the association between iaHTT and neurodegenerative diseases other than HD. Interestingly, we 
found that the frequency of iaHTT is significantly higher among Alzheimer´s disease patients (AD; n=1126) 
regarding control subjects (n=509) (6.03% vs. 2,9%, respectively), suggesting that iaHTT might have a role in 
the pathogenesis of AD. Additionally, in a cohort of frontotemporal lobar degeneration patients (FTLD; n=225) 
there was an increased frequency of iaHTT regarding controls (5.3% vs. 2.9%), although the association was 
not statistically significant. Thus, the first aim of this study was to increase the number of the FTLD cohort. 
Therefore, we analysed the presence of iaHTT, by blood cells genotyping, in 440 FTLD patients. Although we 
found a nonsignificantly increased frequency of iaHTT in FTLD patients, results organization by clinical 
subgroups revealed that only progressive nonfluent aphasia subjects (PNFA) showed a significant difference 
of iaHTT regarding controls (13.6% vs. 2.9%, respectively). These data suggest that the presence of iaHTT may 
play a role in the development of tauopathies, such as AD and PNFA, since no association was found in 
Parkinson's disease patients (n= 610). The second aim was to determine whether the presence of iaHTT 
implies the existence of HTT protein aggregates in patients with tauopathy. To this end, we performed 
sequential biochemical fractionation of protein aggregates in post-mortem amygdala samples from both 
iaHTT AD and FTD patients, and their corresponding controls. Immunoelectron microscopy studies suggest 
that, in iaHTT patients, small HTT aggregates may exist in the same fractions where positive phosphorylated 
Tau protein filaments are present. Further studies are needed to determine whether the presence of iaHTT 
alters the physiology of Tau or other toxic proteins, which could explain its role as a pathogenic risk factor. 
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Gene expression and genetic variation studies suggest an important contribution of microglia cells to the 
onset and progression of most prevalent neurodegenerative conditions, such as Alzheimer’s disease (AD), 
where a putative diversity of microglia states with divergent homeostatic or pathophysiological roles has been 
proposed. However, very little is known on the mechanisms regulating the ability of these highly plastic cells 
of the brain to adopt specialized roles when exposed to different conditions. Here, we combine high-
throughput genomics and in situ RNA expression analysis at the single-cell level with functional assays to 
reveal the molecular underpinnings of the transitions and maintenance of the distinct phenotypic and 
functional states of brain’s innate immune cells through the initiation, activation and resolution of the 
neuroinflammatory response. These data deepen our understanding of microglia heterogeneity which is 
critical to devise new therapeutics for most prevalent neurodegenerative diseases.
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Injury of the spinal cord triggers a set of damaging events that spread cell death to unaffected tissue. 
Apoptosis among spinal neurons begins few hours after injury and proceeds during weeks. On the other hand, 
injury to the spinal cord (SCI) alters the local expression of multiple microRNAs. These are short RNA 
sequences that inhibit the expression of hundreds of genes to regulate cell state and fate. MicroRNA-based 
therapies for SCI are currently under study because the available evidence indicates that microRNA 
dysregulation contributes to the onset of processes such as astrogliosis. Previous in silico analysis showed 
that miR-138-5p, a microRNA highly enriched in the central nervous system, targets components of apoptotic 
cell death pathways, such as caspase-3, caspase-7 and Bak-1.  
We hypothesize that miR-138-5p downregulation after SCI contributes to the overexpression of apoptotic 
genes, therefore sensitizing neurons to death, and that a therapy restoring physiologic levels of miR-138-5p 
will reduce neuronal apoptosis after SCI. The aims of this work are to evaluate the changes in expression of 
miR-138-5p and its apoptotic targets and to test the neuroprotective effect of miR138-5p overexpression. To 
accomplish these objectives we used histological, cellular and molecular methods to measure miR-138-5p 
and protein expression in neurons after damage. 
Gene expression data reveals that downregulation of miR-138-5p during the first week after injury coincides 
with the upregulation of apoptotic proteins. In situ hybridizations of spinal cord samples reveal that miR-138-
5p is highly expressed in neurons and it is downregulated after SCI, particularly evident among neurons in the 
perilesional regions. Finally, the transfection of miR-138-5p mimic in primary neuronal cultures reduces the 
effector caspases activity and is neuroprotective against apoptosis induced by L-glutamic acid.  
Our results suggest that a miR-138-5p-based therapy may be a potential candidate as treatment of SCI. 
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Pleiotrophin (PTN) is a cytokine that has been shown to modulate ethanol drinking and reward. PTN 
modulates neuroinflammation in different contexts. PTN is an endogenous inhibitor of Receptor Protein 
Tyrosine Phosphatase (RPTP) β/ζ. Pharmacological inhibition of RPTPβ/ζ reduces binge-like drinking in mice. 
We hypothesize that RPTPβ/ζ also plays a role in chronic ethanol consumption and in the neural alterations 
associated with ethanol. 
Male and female adolescent C57BL/6J mice were used in an intermittent access to ethanol (IAE) model using 
a 2-bottle choice protocol. Before each drinking session, mice received an administration of MY10 (60 mg/kg, 
i.g.), a small-molecule inhibitor of RPTPβ/ζ, or vehicle as control, and ethanol consumption was measured. At 
the end of the 4-weeks IAE protocol, brains were removed for immunohistochemistry analysis of Iba-1, GFAP 
and doublecortin (DCX). In the acute ethanol experiments, mice were treated with MY10 one hour before the 
administration of 6 g/kg ethanol (i.p.). Eighteen hours after ethanol administration, brains were dissected and 
subjected to the same immunohistochemistry analysis. 
Male mice treated with MY10 drank less ethanol than controls and showed a reduced preference for the 
ethanol solution in the IAE model. In contrast, MY10 did not seem to have relevant effects on ethanol intake 
in female mice. This effect of MY10 was not accompanied by significant alterations in glial responses. In acute 
ethanol experiments, we observed an overall increased activation of microglia in female adolescent mice, 
especially in those treated with MY10 and ethanol. Acute ethanol induced a significant decrease on 
hippocampal neurogenesis in both male and female adolescent mice, which was completely prevented by 
pre-treatment with MY10 in both sexes. 
In summary, inhibition of RPTPβ/ζ significantly reduced ethanol consumption in the IAE model only in male 
mice. RPTPβ/ζ critically modulates ethanol-induced decreases on hippocampal neurogenesis in both male and 
female adolescent mice. 
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Huntington’s disease (HD) is a dominant inherited neurodegenerative disorder caused by an unstable 
expansion of a CAG repeat within the exon 1 of the huntingtin (HTT) gene. Early symptoms include psychiatric 
alterations as depression or irritability that progressively add up to cognitive and motor alterations in later 
stages, both related to dysfunction in hippocampal and corticostriatal pathways. Previous results from our 
group suggest that an aberrant increase in translation in the striatum of HD contributes to the 
pathophysiology. This hypothesis is well-supported by the amelioration of the characteristic motor deficits in 
the R6/1 HD mouse model as a consequence of the normalization of translation by intracerebral injection of 
4EGI-1, an inhibitor of a protein synthesis initiation complex. Here, we show that striatal neuronal cultures 
from R6/1 mouse recapitulate translational alterations present in the adult striatum providing a model for 
drug screening. We took advantage of this to understand the molecular mechanism underlying aberrant 
translational control and to assess the ability of Sertraline, an antidepressant known to act as an inhibitor of 
the mTOR/4E-BP1 axis, to restore protein synthesis levels in the HD molecular context.  In the same line, we 
used intraperitoneal administration of Sertraline to normalize the translation rate in the striatum of R6/1 
mice, leading to the amelioration of motor learning and coordination deficits. Accordingly, these results 
suggest a potential new use of the antidepressant Sertraline for the treatment of motor symptoms in HD.  
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Chronic pain triggers maladaptive brain and spinal remodelling leading to emotional disorders. Locus 
coeruleus (LC) is the main source of noradrenaline in the CNS and although its role in the descending inhibition 
of acute pain is well established, its contribution to pain facilitation has been also reported. One of the nuclei 
that receives noradrenergic projecting is the dorsal reticular nucleus (DRt) which has a pronociceptive role. 
Thus, we hypothesized that the LC→DRt pathway is involved in the pathological nociception associated with 
chronic pain. Using the chronic constriction injury of the sciatic nerve (CCI) as a model of neuropathic pain in, 
we evaluated time-dependent plasticity (from 2, 7 and 30 days after surgery) of the ipsilateral (LCipsi) and 
contralateral (LCcontra) LC through pharmacologic and chemogenetic approaches. Microinjection of lidocaine 
intra-LCipsi only increased cold and mechanical hypersensitivity in the CCI-2d group and not later. By contrast, 
microinjection of lidocaine intra-LCcontra reduced cold and mechanical hypersensitivity only in the CCI-7d 
and CCI-30d groups and not earlier. Additionally, lidocaine blockade of the LCipsi or LCcontra reversed pain-
induced depression in the CCI-30d group. Furthermore, we observed an enhanced pCREB expression in the 
DRtcontra but not in the DRtipsi of CCI-30d animals. In this line, we evaluated the inhibition of the 
LCcontra→DRtcontra pathway using chemogenetics approaches in CCI-30d. The results showed a robust 
analgesia in evoked and spontaneous pain. However, the inhibition of the LCcontra→DRtcontra pathway did 
not relieve the depressive-like behavior in CCI-30d animals. Interestingly, the inhibition of this pathway 
induced depressive-like behaviour in sham animals. Overall, we demonstrated that unilateral nerve injury 
activates the LCipsi in the short-term, which temporally dampens the neuropathic phenotype. However, long-
term pain triggers a bilateral LC activation and specifically, to the contralateral LC→DRt ensemble, 
contributing to chronic pain and the associated depressive-like phenotype.  
Co-financed by the “Fondo Europeo de Desarrollo Regional” (FEDER)-UE “A way to build Europe” (MINECO: 
RTI2018-099778-B-I00 and P20_00958); Instituto de Salud Carlos III (PI18/01691); PI-0134-2018; FEDER (PI-
0080-2017);INiBICA (LI19/06IN-CO22); CTS-510; CIBERSAM CB/07/09/0033. 
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During postnatal development, central nervous system (CNS) neurons lose their ability to regenerate in part 
due to the presence of myelin-derived inhibitors of neurite outgrowth and neuroregeneration. Nogo-A is the 
most important myelin-associated inhibitor in CNS. This protein is expressed on the surface of 
oligodendrocytes and mediate the inhibition of axonal outgrowth through binding to its receptor, Nogo 
receptor (NgR), located in CNS neurons. The activation of this pathway at lesion sites may explain the lack of 
axonal regeneration in the CNS after trauma in adult mammals. Previous studies have shown that blockage 
either Nogo-A or NgR leads to growth cone formation and promotes neurite outgrowth.  
MicroRNAs (miRNAs) regulate important processes in CNS such as neuronal differentiation, neuritogenesis, 
excitation, synaptogenesis, and plasticity. Two of these miRNAs are miR-182-5p (miR-182) and miR-138-5p 
(miR-138). Studies demonstrated that miR-182 promotes axonal growth and regulates neurite outgrowth via 
the PTEN/AKT pathway in cortical neurons, whereas miR-138 regulates axon growth during development and 
regeneration by targeting SIRT1. 
In this study, we used luciferase reporter assays to demonstrate that miR-182 and miR-138 target Nogo-A and 
NgR mRNAs, respectively. Accordingly, both miRNAs downregulate the protein expression of their targets in 
different neural cell lines, such as Neuro-2a, C6 and PC12. Furthermore, we demonstrate that both miRNAs 
promote neurite outgrowth of neural cells in vitro. Specifically, the co-culture of miR-182 transfected C6 cells 
with rat primary hippocampal neurons increased neurite length of neurons in comparison with its negative 
control miRNA. Moreover, NgR downregulation by miR-138 in PC12 cells also increased neurite lengths. In 
conclusion, these miRNAs could be a potential miRNA-based therapy for the treatment of CNS traumatic 
injuries such as spinal cord injury.  



 

PS5-76 
NeuroCLUEDO: which, when and where neurons die after spinal cord 
injury? 
Dr. Manuel Nieto-Diaz1, Nadia Ibañez Barranco1, Dr.  David Reigada1, Dr. M. Asunción Barreda-Manso1, Ms. 
Altea Soto1, Dr.  Teresa Muñoz-Galdeano1, Dr. Rodrigo M. Maza1 

1Hospital Nacional de Parapléjicos (SESCAM), Toledo, Spain 
 

Neuronal death is a central event of spinal cord injury (SCI) pathophysiology and a major determinant of the 
resulting functional deficits. Neuronal loss depends on features of the injury (type, severity, location), on the 
temporal and spatial context relative to insult, and on specific features of the neurons. Multiple articles have 
quantified neurons in the damaged spinal cord using different approaches but there is neither access to the 
original images nor a reference method for neuron detection after SCI. Here we present NeuroCLUEDO, an 
Open Science Framework repository aimed to determine which, where and when do neurons die after SCI. 
NeuroCLUEDO comprises a documented image repository of spinal cord sections stained with neuronal 
markers, test benchs for comparing methods in the naïve and injured spinal cords, and repositories of the 
obtained results. In the first analysis at NeuroCLUEDO we have uploaded raw images from a study of our 
laboratory testing the effects of a neuroprotective drug (ucf-101) in a mice model of traumatic SCI and use 
them to compare the effects of employing manual-, semiautomatic- and AI-based methods of cell detection 
on the number and location of identified neurons. Results from the analysis of 20 full sections of naïve, 
contused and treated mice spinal cords reveal that the number of identified neurons broadly agrees among 
the compared methods but that agreement is very poor concerning their position, that is, methods are not 
counting the same neurons despite the total number is similar. Interestingly, the comparison of manual 
identification data from different researchers revealed limited repeatability and reproducibility in both the 
number and position of the neurons. Both the repository and the test bench are open to anyone and 
contributions either as manual identifications or as new identifications methods are welcome.  
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Mitochondria-associated membranes (MAMs) are specialized compartments where ER and mitochondria 
closely interact. These regions are known to enable calcium effluxes from the ER to the mitochondria via the 
IP3R3-VDAC1 complex, reinforced by Grp75. Interestingly, genes encoding for IP3R3 and Grp75 have been 
suggested as genetic risk factors for schizophrenia. Moreover, DISC1, a schizophrenia related protein, has 
been shown to localise at MAMs and to regulate calcium transport.   
 
On the other hand, Pyk2 is a non-receptor tyrosine kinase protein enriched in the hippocampus and has also 
been proposed as a genetic risk factor for schizophrenia. Pyk2 can be activated by calcium-dependent 
mechanisms and can translocate to mitochondria upon neuronal activation. Furthermore, we have previously 
observed that Pyk2 modulates mitochondrial dynamics in hippocampal neurons. 
 
In the current work, we tested whether Pyk2 could have a role in the regulation of MAMs calcium transport. 
First, we observed by electron microscopy that Pyk2 is present both in mitochondria and in MAMs. Next, we 
used full Pyk2 knockout mice (Pyk2-/-) to analyse levels of MAM-resident proteins in brain tissue by Western 
Blot. Moreover, we obtained Pyk2-/- neuronal cultures to evaluate ER-mitochondria contact sites and calcium 
homeostasis. Cell live imaging experiments showed that Pyk2-/- neurons present an impaired calcium 
retention, suggesting that both ER and mitochondria compartments are affected. Finally, we explored the 
implication of MAMs in the pathology of schizophrenia by biochemical analysis of post-mortem brain samples 
of schizophrenic patients. 
 
Taken all together, our results point out that Pyk2 could be highly relevant in the modulation of ER-
mitochondria calcium efflux, hampering mitochondrial function. 
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The aggregation of alpha-synuclein (α-Syn) in form of Lewy bodies and neurites is the main neuropathological 
hallmark of Parkinson's disease (PD). PD is characterized by the loss of dopaminergic neurons in the substantia 
nigra. Precisely, the dysfunctionality and degeneration of these neurons is associated with α-Syn aggregation. 
Moreover, mutations in the SNCA gene, which encodes α-Syn, cause familial forms of PD and are the basis of 
sporadic PD risk. Animal models that reflect the dopaminergic neuronal loss and the widespread and 
progressive α-Syn aggregation constitute a valuable tool for studying the molecular mechanisms of the 
disease and might contribute to the development and validation of new therapies. Here, we summarize the 
main features of the α-Syn protofibrils (PFFs) models and recombinant adeno associated viral vector (rAAV) 
mediated α-Syn overexpression models, providing a detailed comparative analysis of both models. To 
characterize these PD models, we use SNCA-OVX mice injected with human PFFs of α-Syn and wild type mice 
injected with viral particles containing human mutated E46K α-Syn. Our results show that injection of α-Syn 
PFFs and overexpression of α-Syn mediated by rAAV lead to a different pattern of PD pathology in rodents. 
First, α-Syn PFFs model lead to the formation of Lewy body-like inclusions in brain regions directly 
interconnected with the injection site, suggesting that there is an inter-neuronal transmission of the α-Syn 
pathology. In contrast, rAAV-mediated α-Syn overexpression in the brain limits the α-Syn aggregates within 
the transduced neurons. Second, phosphorylated α-Syn inclusions obtained with rAAV are predominantly 
nuclear with a punctate appearance that becomes diffuse along the neuronal fibers, whereas α-Syn PFFs 
model lead to the formation of cytoplasmic aggregates of phosphorylated α-Syn reminiscent of Lewy bodies 
and neurites.  
 
Funded by Spanish Ministries of Science and Innovation (PID2019-111693RB-I00) and UE (H2020-SC1-BHC-
2018-2020, grant agreement n° 848002). 
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Hypersexuality in Parkinson’s Disease (PD+HS) is a form of impulse control disorder (ICD) characterized by 
excessive and hard to resist urges to engage in sexual-related activities that can arise in up to 7% of patients 
under dopamine agonists. Disruption of corticolimbic circuitry including pre-supplementary motor area (pre-
SMA) has been linked to impaired inhibitory control in ICD. To date, clinical management for reducing ICDs-
related behavior consists of reducing dopaminergic drugs at the expense of worse motor functioning. We 
aimed to use a repetitive transcranial magnetic stimulation protocol with excitatory effects over targeted 
circuits known as intermittent theta-burst stimulation (iTBS) to modulate the corticolimbic circuitry and 
consequently improve behavioral control using an erotic stop-signal task. A single-blind randomized 
controlled trial consisting of two stimulation sessions (real/sham) was designed. We stimulated over the pre-
SMA in 19 PD+HS patients. Additional neurophysiological and neuropsychological variables were collected to 
characterize the cortical signature in ICD and their cognitive profile. We designed a modified version of a stop-
signal task that included erotic and non-erotic stimuli to elicit sexual desire. In a single trial, after the 
presentation of visual stimuli, patients were asked to either press a key to a right of a left-pointing arrow or 
to withhold their response upon presentation of a cross. In total, 16 PD+HS were included in the final analysis. 
After real iTBS stimulation, PD+HS patients responded significantly faster in go signal reaction times (p = 0.01). 
Interestingly, improvements in stop-signal reaction times (SSRT) only reached significance for erotic stop trials 
(p = 0.03). Excitatory neuromodulation of pre-SMA using iTBS might prove beneficial for remediating 
impulsivity-related failures to control unwanted actions in PD. Further studies are necessary to clarify the 
potential therapeutic role of iTBS for treating hypersexuality and other subtypes of ICDs in PD and other 
neurocognitive and neuropsychiatric disorders. 
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Progressive motor alterations and selective death of medium-sized spiny neurons in the caudate and putamen 
are key pathological hallmarks of Huntington’s disease (HD), a neurodegenerative disorder caused by a CAG 
trinucleotide repeat expansion in the coding region of the huntingtin (HTT) gene. Most research has focused 
on the pathogenic effects of the resultant protein product(s); however, growing evidence indicates that 
expanded CAG repeats within mutant HTT mRNA and derived small CAG repeat RNAs (sCAG) participate in 
HD pathophysiology. The individual contribution of protein versus RNA toxicity to HD pathophysiology 
remains largely uncharacterized and the role of other classes of small RNAs (sRNA) that are strongly perturbed 
in HD is uncertain. 
 
Here, we show that sRNA produced in the putamen of HD patients (HD-sRNA-PT) are sufficient to induce HD 
pathology in vivo. Moreover, sRNA obtained from the motor cortex (as an affected region) or from the 
cerebellum (as a less-affected region) are able to differently compromise motor function in wild-type mice. 
This observation prompted us to identify which sRNA species are enriched in HD putamen and present 
neurotoxic potential. We detected high levels of tRNA fragments (tRFs) in HD putamen, and we validated the 
neurotoxic potential of an Alanine derived tRF in vitro. These results highlight that HD-sRNA-PT are 
neurotoxic, and suggest that multiple sRNA species contribute to striatal neuropathology, favouring 
therapeutic strategies based on the blockage of sRNA-mediated toxicity.  
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The endocannabinoid oleoylethanolamide (OEA) has proven to exert anti-inflammatory and neuroprotective 
effects in different animal models with brain injury of varied etiology. Indeed, a previous study of our 
laboratory demonstrated that the exogenous administration of OEA -prior to the onset of the 
neurodegenerative process- resulted in neuronal protection of Purkinje cells and in an improvement of the 
behavioral defects observed in Purkinje Cell Degeneration (PCD) mutant mice. 
 
In this study, we tested whether OEA treatment (10 mg/kg, i.p. at postnatal day 12) modulates 
neuroinflammation and counteracts microglial activation in the model of severe cerebellar degeneration PCD. 
First, changes in mRNA levels of proinflammatory, neurotrophic and neuroprotective factors were measured 
by quantitative PCR in both the short- (3- and 24-hours post-treatment) and the long-term (P30). Secondly, 
modulation of microglial activation and its phenotype was analyzed in parasagittal sections of cerebellar 
vermis by immunohistochemistry at P30. 
 
Our results showed that OEA treatment significantly reduced mRNA levels of the proinflammatory factors 
IFNγ, IL1β and TNFα, and increased the neurotrophic/neuroprotective factors BDNF, GAP43 and MAP2 in 
cerebellum 3 and 24 hours after administration. Additionally, OEA decreased mRNA levels of IL1β and IL6 in 
the long term, which were upregulated in PCD mice at the age of P30. Finally, results from immunohistological 
analysis of cerebellar microglial cells showed that OEA administration reduced the microglial density in the 
cerebellum of PCD mice, which was exacerbated as a consequence of neurodegeneration. These findings 
demonstrate the neuroimmunomodulatory properties of OEA in the PCD mouse and shed light on the possible 
mechanisms of action of OEA as a therapeutic agent which could be a co-occurrence among down-regulation 
of neuroinflammation, modulation of microglial activation and neuronal protection.  
 
Support: MICINN/MIU, JCyL, USAL 
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Understanding the neurophysiology of brain tumours is critical to challenge the neurocognitive morbidity 
associated with the disease. Over recent years, several studies have shown alterations of neuronal network 
activity in peritumoral areas of primary brain tumours such as gliomas, with a bi-directional impact on cancer 
cells growth and on neural communication, which has been linked to hyperexcitability and seizures. However, 
the influence of brain metastasis on neural circuits remains relatively unexplored in spite of the high clinical 
prevalence of neurological symptoms. We evaluated neuronal activity from mice models of brain metastasis 
caused by local injection of melanoma, breast and lung cancer cells. By using multi-site silicon probes in 
peritumoral and contralateral areas of awake head-fixed mice, we measured the local field potential (LFP) in 
cortical and hippocampal areas. While control mice exhibited consistent laminar profiles of LFP signals, mice 
from the three models presented higher variability in the oscillatory power at different frequency bands. 
Animals with brain metastasis showed common impairments such as a generalized reduction of the oscillatory 
power at theta (4-12 Hz), alpha (9-14Hz), gamma (40-90 Hz) and high frequency oscillations (HFOs; >200 Hz) 
bands and reduced theta/delta (0.1-4Hz) ratio in cortical and hippocampal areas. Moreover, the 
hippocampal/cortical ratio for the HFOs band was significantly altered, suggesting an activity unbalance 
between both structures. Interestingly, we found several markers of hyperexcitability and seizures in some 
metastatic animals. Strikingly, we identified tumour-type specific alterations in the theta/delta ratio and the 
HFO frequency band, which did not depend on the size of the tumour mass. Our comprehensive analysis of 
these phenotypes includes not only neurons but multiple cell types of the metastasis-associated 
microenvironment, whose reactive state might indirectly contribute to interfere with brain homeostasis. 
Altogether, our data provide novel insights about the functional alterations associated with brain metastasis 
experimental models.  
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Recently, it has been proposed that memories are stored in a sparse subpopulation of neurons called engram 
cells, that become functionally connected during learning. The strengthening of their connections upon 
learning enable these cells to reactivate synchronically during memory recall. Thus, engram cells activated at 
the same time for a particular event would become the physical representation of the memory trace in the 
brain. Activity-dependent genetic tagging of engrams allows artificial reactivation or suppression of  
memories. We studied whether engram alterations can account for memory deficits in cognitive disorders. 
We propose that aberrant engram cells contribute to memory deficits in Down syndrome (DS), the most 
common form of intellectual disability. We found sparser neuronal activation during the acquisition of a 
contextual-fear memory in the hippocampus in a trisomic mouse model for DS (Ts65Dn), suggesting that less 
cells would be supporting a given memory. However, artificial reactivation of trisomic engram cells did not 
rescue the Ts65Dn memory deficits. We also found that astrocytes could contribute to memory deficits in 
Ts65Dn mice. Specifically, astrocyte activation using DREADDs depressed hippocampal synaptic transmission. 
Our results suggest that memory deficits in DS might be contributed by impaired “engram allocation”, in 
which new players, such as astrocytes might also participate. 
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The myelin sheath is a modified plasma membrane that surrounds axons, providing support, protection and 
controlling the nervous conduction. Myelin is produced by oligodendrocytes (OLs) in the central nervous 
system, but myelination homeostasis depends not only on OLs but also on their active interplay with neurons, 
astrocytes and microglia. Myelin alterations occur in many lysosomal storage disorders (LSD). However, these 
deficits have been traditionally seen as a consequence and assigned to play a secondary pathological role. 
Acid Sphingomyelinase Deficiency  (ASMD) is a prototypical LSD characterized, in its infantile neurovisceral 
form, by cellular accumulation of sphingomyelin and a rapid neurodegeneration that leads to death in early 
childhood. A recent study from our laboratory pointed to demyelination as the triggering factor for microglia 
dysfunction and neuronal death in ASMD. We have tested this hypothesis in the mouse model of ASMD, which 
lacks the acid sphingomyelinase (ASMko), by characterizing the myelin anomalies and their underlying 
molecular mechanisms.  
Our results show that demyelination is a very early event in the cerebellum of ASMko mice that is 
accompanied by structural alterations in the myelin sheath.  We also observed defects in the OL lineage 
resulting in an increased number of immature OLs.   Experiments performed in primary cultures showed a 
defect in the radial and longitudinal growth of ASMko OLs, which show less and shorter processes than wt 
OLs due to sphingomyelin accumulation. Altogether, these results suggest that sphingomyelin-induced 
alterations in the OL differentiation may be at the basis of demyelination in ASMD.  This information will 
enable us to preclinically validate strategies rescuing ASMko OL differentiation, which could open therapeutic 
perspectives for ASMD and other LSDs that share sphingomyelin storage, myelin alterations and 
neurodegeneration.  
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Alzheimer’s disease is characterized by executive dysfunction and memory impairment, underlying 
accumulation of extracellular amyloid-β and intracellular hyperphosphorylated tau. Amygdala atrophy have 
been shown to be pronounced in early stages of Alzheimer’s disease, with correlation between the degree of 
atrophy and disease severity. Due to the early damage to the amygdala, personality changes often precede 
other clinical symptoms of the disease, such as cognitive impairment. Moreover, the amygdala constitutes a 
key that may contribute to the spreading of pathologic molecules due to its vast connectivity with other brain 
regions. These findings hypothesizing the amygdala as a central participant in Alzheimer’s disease pathology. 
State-of-the-art -omic approaches would allow multilevel analysis but are currently underdeveloped. 
Proteomic studies on human tissue would be especially suitable to identify peptide fingerprint changes in 
human amygdala during pathology. 
Post-mortem tissue was provided by IDIBAPS, BTCIEN, BIOBANC-MUR, BPA and NAVARRABIOMED Spanish 
National Biobanks. Experimental procedures were approved by Ethical Committee of Clinical Research at 
Ciudad Real University Hospital (SAF2016-75768-R and PID2019-108659RB-I00). A total of 16 cases were used 
for MALDI Imaging and SWATH analysis. Proteomic analyses consisted in PCA, heatmap, volcano plot and 
detection of activated/deactivated pathways. MALDI Imaging reflected differences in distribution of 
up/downregulated proteins identified by SWATH Analysis.   
The study was sponsored by the UCLM/ERDF (2020-GRIN-29145 to NPND), Spanish Ministries of Economy 
and Competitiveness/ERDF (grant no. SAF2016-75768-R) and Science and Innovation (grant no. PID2019-
108659RB-I00) to AMM and Autonomous Government of Castilla- La Mancha/ERDF (grant no. 
SBPLY/17/180501/000430) to AMM and DSS). MGR and SVC held a predoctoral fellowship granted by 
UCLM/ESF and VAL held an assistant professorship granted by UCLM/ERDF. Authors thank Dr. Pilar Alberdi 
(technical specialist UCLM/ERDF supported) her proteomic expertise.  
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Multiple sclerosis (MS) is a degenerative, autoimmune and chronic disease of the central nervous system 
(CNS) that constitutes the second cause of neurological disability in young adults. It is characterized by the 
loss of oligodendrocytes and, therefore, myelin, both in the white and in the gray matter. On the other hand, 
the autoimmune component that underlies the pathology of MS is the promoter of the processes of 
inflammation, demyelination, and damage to the axonal network, where the Toll-like type 4 receptor (TLR4) 
and proinflammatory signaling that triggers its activation plays a crucial role. In this sense, the innovative 
ApTOLL molecule has been developed with aptamer technology and seeks to antagonize the TLR4 in order to 
achieve an immunomodulatory and anti-inflammatory effect. ApTOLL is a single chain DNA aptamer that 
supposes a novel strategy, both for its molecular nature and for its mechanism of action, for the treatment of 
diseases with an important inflammatory component such as MS. 
In this research, the immunomodulatory and remyelinating effect of four doses of ApTOLL (0.45 mg/kg, 0.91 
mg/kg, 1.82 mg/kg, and 3.6 mg/kg) has been determined for the study of the therapeutic dose of this 
compound in the Experimental autoimmune encephalomyelitis (EAE) model of MS. A clear reduction in the 
clinical score of animals treated with ApTOLL with respect to the vehicle group is observed, as well as a greater 
area of myelin and neurofilaments in the spinal cord. Furthermore, this molecule seems to have a direct effect 
on the biology of oligodendrocytes precursors cells (OPCs) by promoting their proliferation and differentiation 
towards myelinating phenotypes. This effect combined with other possible neuroprotectors could be a highly 
innovative strategy that would cover all aspects of the ideal therapy for MS. 
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Neurons are able to respond to changes in their environment by producing proteins locally. Lopcal protein 
synthesis plays relevant roles in growth cone behavior and synapse formation during embryonic 
development, and in axon maintenance by regulating mitochondrial function in adulthood. Importantly, a 
role for local translation in mediating amyloid-induced neurodegeneration, a hallmark for Alzheimer´s 
disease, has recently been described. Although most localized mRNAs are believed to be transported to distal 
neurites (dendrites and axons) from the somatodendritic compartment, recent evidence suggests that some 
neuritic transcripts might be delivered to neurons by glial cells. Among the mechanisms proposed for this 
horizontal transfer, is the secretion extracellular vesicles (EVs) by glia and subsequent internalization into 
axons. These extracellular vesicles contain RNAs and proteins which might be involved in translation 
regulation. 
One of our aims is to determine the contribution of glial EVs in the ability of neurites (axons in particular) to 
translate proteins locally in models of amyloid-induced pathology. Ultimately we wish to understand if EVs 
play a role in neurological disorders such Alzheimer´s disease, by regulating intra-axonal signaling events that 
require local translation. 
Experiments performed in primary cultures thus far indicate that EVs from different origins (neuronal, glial, 
mixed.) elicit distinct effects on local translation depending on whether they are secreted by healthy cells or 
in the context of amyloid-induced pathology. 
While analyzing the effect of glia on local translation in neurons we realized that glial cells (microglia in 
particular) was able to produce proteins locally. This event has only been recently reported in this cell type 
and its role in brain pathology has not been addressed. Thus, we established a second line of research in 
which we aim at deciphering the role of local protein synthesis in glia itself in nervous system physiology and 
pathology. 
Here we summarize the results gathered so far in the context of the maion research lines of our lab. 
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In contrast to the predominantly glycolytic nature of astrocytes, neurons use very little glucose to obtain 
energy through glycolysis (1). This is a critical metabolic signature of the brain that is dictated by differences 
in the abundances of the pro-glycolytic enzyme 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 
(PFKFB3). Thus, PFKFB3 is highly expressed in astrocytes, but repressed in neurons due to a continuous 
proteasomal degradation after ubiquitination by the E3-ubiquitin ligase anaphase-promoting 
complex/cyclosome-Cdh1 (2). However, the in vivo physiological significance of the limited glycolytic activity 
of neurons is intriguing. To address this matter, here we generated a genetically engineered mouse to express 
PFKFB3 in neurons in vivo (CaMKII-PFKFB3). We found that neuronal PFKFB3 upregulated glycolysis, causing 
NAD depletion, dysfunctional mitochondria, redox stress and impairment of the autophagic flux in several 
brain regions, including the hippocampus and the mediobasal hypothalamus. Phenotypic characterization of 
these CaMKII-PFKFB3 mice revealed cognitive deterioration, motor discoordination, glucose intolerance and 
obesity. Interestingly, these biochemical and phenotypic alterations were rescued by abolishing redox stress 
via genetically expressing a mitochondrially-tagged isoform of catalase (mCAT) in neurons. Mechanistically, 
the increase in glycolysis shifted down glucose consumption through the pentose-phosphate pathway, 
causing redox stress that impaired mitochondrial respiration, triggering a signaling pathway leading to an 
aberrant positive loop of glycolytic activation. These data indicate that the existence of a low glycolytic activity 
in neurons is a natural mechanism aimed to sustain organismal welfare. [Funded by the Agencia Estatal de 
Investigación PID2019-105699RB-I00/ AEI / 10.13039/501100011033]. References: (1) Nat. Cell Biol. 6:45-51 
(2004); (2) Nat. Cell Biol. 11:747-752 (2009). 
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Hypothalamic neuronal circuits control energy metabolism, adjusting food intake and metabolic demands to 
match internal and external cues. Two neuronal populations reside in the arcuate nucleus of the 
hypothalamus with opposite roles: GABAergic AgRP neurons respond to negative energy balance, promoting 
rapid food intake and insulin resistance, while POMC neurons are activated in positive energy balance states, 
resulting in reduced food intake and increased energy expenditure. The coordination of these two population 
is critical for the metabolism homeostasis. Their feeding-state dependent opposite regulation has thus far not 
been modulated in vivo, since current approaches have focused on the isolated chemo- or optogenetic 
modulation of either cell population.  
 
To simultaneously modulate the activity level of both neuron subtypes in opposing directions, as observed 
during their natural regulation, we employed the use of non interacting recombinases to simultaneously 
express the activatory DREADD receptor hM3DGq in a Cre-dependent manner in AgRP neurons, while POMC 
neurons expressed inhibitory hM4DGi receptor dependent on POMC-neuron specific Dre recombinase 
expression. This approach created a novel transgenic mice line that allows isolated or combined antagonistic 
chemogenetic modulation of both neuronal subtypes. These experiments revealed that food intake and 
substrate utilization are driven mainly by AgRP circuits, without further effects of simultaneous POMC neuron 
inhibition. However, systemic insulin sensitivity, liver sympathetic nerve activity, liver transcriptome profiles 
and gluconeogenic capacity are differentially modulated by the interaction of POMC and AgRP neurocircuits 
in comparison to their separated effects. All together, these results demonstrate that the interplay between 
the independent activation levels of AgRP and POMC circuits controls the metabolic regulation in peripheral 
tissues, suggesting non-overlapping functions governed by AgRP and POMC neurons.  
 
 



 

PS5-90 
Non-viral vehicles and modified oligonucleotides for RNAi-based therapies 
for CNS damage 
Altea Soto1, Dr. Manuel Nieto-Diaz1, Dr.  David Reigada1, Dr. Mª Asunción Barreda-Manso1, Dr. Teresa Muñoz-
Galdeano1, Dr. Ramón Eritja2, Dr. Ana Aviñó2, Dr.  Helmut Reinecke3, Dr. Carlos Elvira3, Dr.  Enrique Martínez3, 
Dr.  Alberto Gallardo3, Dr.  Juan Rodríguez3, Dr. Paula Bosch3, Dr. Rodrigo M. Maza1 

1Hospital Nacional De Parapléjicos (SESCAM), Toledo, Spain, 2Instituto de Química Avanzada de Cataluña (CSIC), Barcelona, 
Spain, 3Instituto de Ciencia y Tecnología de Polímeros (CSIC), Madrid, Spain 
 

Damage to the Central Nervous System (CNS) usually results in dramatic deficits due to the loss or alteration 
of neural circuits. Gene therapies can modulate key proteins and pathways to reduce damage, increasing the 
chances of enhancing functional recovery. MicroRNAs (miRNAs) are endogenous short oligonucleotides that 
regulate the expression of hundreds of proteins to control cell function in physiological and pathological 
conditions. Despite their potential, applying miRNA-based therapies is limited by difficulties to deliver RNAs 
to neural cells, due to their poor stability, poor efficiency of delivery, and off-target effects. Within this 
context, we have compared the potential of different polymer-based vehicles as well as different 
oligonucleotide modifications for miRNA-based therapies.  
Polymeric vectors are an attractive approach due to their improved safety profiles, easy and cheap 
production, ease of synthesis and chemical versatility, and unlimited possibilities of modification. In this study, 
we have compared commercial vehicles with various functionalized poly-ethyleneimine (PEI) polymers and 
N-ethyl-pyrrolidine-methacrylamide copolymers. Our in vitro analyses demonstrate that functionalized PEI 
vehicles show the best performance when considering together RNA protection against nucleases, delivery 
to neural cells, endosomal escape, toxicity, and efficacy in Neuro-2a cells and rat E18 primary hippocampal 
neurons. On the other hand, analyses with modified oligonucleotides reveal that siRNA-like duplexes (i.e. fully 
complementary sense strand) incorporating 2-O-methyl and 1, 3- propanediol present increased stability 
against nucleases and better transfection performance than endogenous miRNA duplexes. Moreover, their 
conjugation with specific cyclic peptides can provide additional advantages, particularly eliminating the need 
for vehicles by conferring protection and providing cell-targeting specificity. 
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NFκB is a major transcription factor that regulates a large number of genes during various biological processes, 
such as early development, cell survival, synaptic plasticity, memory functions, and various diseases, including 
brain damage, neuroinflammation and neurological diseases. In the central nervous system, many of those 
processes, such as memory formation, learning, control of anxiety, and cognitive functions, depend on the 
hippocampus. This brain region is profoundly affected in mesial-temporal lobe epilepsy (MTLE) and traumatic 
brain injury (TBI) models, where hyperexcitation and neuronal excitotoxicity cause gliosis, cell death, and 
aberrant neurogenesis. In those models, increased NFκB expression levels have been detected. In other 
models, as ischemic animal models, downregulation of NFκB activity reduces brain damage, whereas 
inhibition of NFκB activity promotes the severity of disease expression in models of spinal cord injury.  
In order to evaluate the importance of NFκB in diseases that cause hyperexcitation in the hippocampus, we 
have developed adeno-associated viruses equipped with tetracycline controlled genetic switches selectively 
targeting astrocytes, microglia and neurons. By cell type specific inducible control of NFkB gene expression, 
we aim to investigate the role of NFkB in disease onset and progression, and possibly also protection.
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Optogenetics is a promising approach for the precise spatiotemporal control of biochemical processes in cells 
and animals. Recently, modulation of brain activity has been used to treat neurological diseases in human 
patients. However, opsin-based stimulation induces acute changes in neuronal activity but lacks long-term 
modulation. Instead, phytochromes, which are soluble photoreceptors present in plants and bacteria, can act 
as adenylate cyclase and produce cAMP in cells upon photoactivation. Within neurons, cAMP modulate 
metabotropic responses and induce many intracellular signalling pathways, including synaptic plasticity, 
leading to long-term cellular changes. Thus, light-induced modulation of cAMP might allow for a more 
sustained modulation of brain circuitry. Our main goal is to evaluate the potential of phytochromes to induce 
long-term neuronal activity in specific brain circuits. First, we explored in mouse primary cortical neuronal 
cultures how changes in cAMP levels modify spontaneous neuronal activity by performing calcium-imaging 
recordings before and after Forskolin application. Forskolin-induced cAMP caused an overall increase in 
calcium levels and modulated the network. We also evaluated the changes of cAMP levels induced by 
Forskolin in STHdhQ7/Q7 neural cells using cAMP fluorescent sensors Flamindo 2 and Pink Flamindo. Then, 
we infected 7 DIV primary cortical neurons with a custom made AAV-CamKII-DdPAC-Flag-tag and investigated 
the dynamics of phytochrome activation and deactivation, with 670 nm and 780 nm light, respectively. We 
used NETCAL software to analyze the Ca2+ changes and decode calcium-dependent neuronal activity. Our 
results indicate that we can successfully activate phytochromes in neurons and modulate their activity. We 
are currently implementing fiber photometry tools to study phytochrome effects in vivo. Altogether, these 
results contribute to the development of new approaches towards modulating brain activity and establishing 
phytochromes as a novel tool for optogenetic applications.
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Epilepsy is a neurological disorder characterized by recurrent epileptic seizures generated by dysfunctions in 
the neuro-glial circuitries. Seizures trigger a positive-feedback cascade of events that generate and 
perpetuate in one side gliosis, inflammation, cell death, in conjunction with neural patho-topological 
connections, aberrant synchronizations and hyperexcitability. Mechanisms are still poorly understood and 
the efficacy of treatments has not improved for decades. 
 
We are working in complementary in-vitro/in-vivo experimental murine models which allow us to visualize 
and analyze neuronal activity in a longitudinal manner to monitor and deepen the mechanisms, in the same 
circuits and over time, behind the switch from physiological to pathological conditions, and additionally to 
check potential therapeutic approaches on the induced epileptic conditions. 
 
In both systems, longitudinal monitoring of neural circuits’ activity with single-cell resolution follows the initial 
genetic encoding of calcium sensors (specifically Gcamp6f) through viral vector injections. 
 
In the in-vitro model, organotypic hippocampal cultures are cultured over weeks in control conditions and 
under temporary epileptogenic hyperexcitable conditions. Synchronizations, neural firing (frequency of 
calcium events) and functional connections can be characterized at different time points. Preliminary 
quantifications highlight increased neural firings and synchronizations in the neural circuits exposed to 
hyperexcitable conditions.  
 
In the in-vivo model, we image longitudinally, in awake and behaving mice, hippocampal (or neocortical) 
circuit’s activity through a state-of-the-art endoscope allowing single-cell resolution (Miniscope). Epilepsy is 
induced by a single injection of kainic acid (KA) into the contralateral hippocampus or the amygdala. Imaging 
over the same cells and circuit is performed chronically from physiological conditions (pre-KA-injection) to 
stabilized status epilepticus conditions (about ten days after KA-injection). Preliminary observations highlight 
the emergence of a variety of new patterns of functional connections and synchronizations in epileptic 
conditions.  
 
The above methodology possibly opens new perspectives for testing mechanisms and the impact of 
treatment on the epileptic brain.  
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Near-infrared laser stimulation is a non-invasive stimulation technique for studying neural dynamics. This 
optical stimulus elicits changes in single neuron dynamics with little or no cell damage. However, the detailed 
biophysical basis of the effect of this stimulation is not yet known. In this work, we quantified the outcome of 
infrared laser stimulation both on single cells and on electrically coupled neurons. To explain the effect of the 
stimulation we employed a combined experimental and modeling approach in the nervous system of 
Lymnaea stagnalis. We first characterized the activity recorded with intracellular electrodes comparing the 
amplitude, duration, depolarization and repolarization slopes of individual spikes before, during and after the 
infrared-laser stimulation. In these experiments, the laser beam was focused on one of the neurons being 
recorded. Spike duration was reduced under the laser stimulation, along with a change in the repolarization 
slope. The effect was reversible after termination of the stimulation. The analysis was repeated on well-known 
electrically-coupled cells of the right parietal and visceral ganglia of Lymnaea. For electrically coupled cells, 
the activity was simultaneously recorded in both neurons while the laser was illuminating only one of them. 
The experimental protocols were reproduced in a conductance-based model that considered multiple 
explanations for the observed effect of the laser stimulation, and we tested which ones best reproduced all 
observations. Our study unveiled several factors underlying the source of the infrared-laser effect and 
supports the use of this stimulation in multiple experimental protocols.  
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The GASH/Sal hamster is a genetic model of audiogenic epilepsy, in which the inferior colliculus (IC) is the 
epileptogenic focus. The GASH/Sal exhibits numerous gene variants that might contribute to the genetic 
influences for seizure susceptibility. The goal of this work was to determine the molecular significance of some 
gene mutations related to glutamate and calcium pathways detected when comparing the exome of the 
GASH/Sal hamster with that of the wild type (control). Sequencing techniques, RT-qPCR, three-dimensional 
protein structures, immunohistochemistry and Western blot allowed us to detect and validate single 
nucleotide polymorphisms (SNPs) in the genes coding the kainate receptor (Grik1) and the α2β3 subunit of 
the calcium channel CaV2.1 (Cacna2d3).  
 
In silico analysis of the three-dimensional protein modeling revealed that the SNPs carry amino acid 
substitutions (S/P and H/Y) that might affect the intramolecular contact and stability of both proteins. The 
RT-qPCRs, immunohistochemical and Western-blot analyzes showed an increase in the gene and protein 
expression of Grik1 in the IC, as well as an increase in immunostaining for Grik1 and Cacna2d3 in the facial 
nucleus when compared the GASH/Sal with the counterpart controls. On the contrary, a significant decrease 
in gene and protein expressions was detected for both proteins in the cerebellum, hippocampus, and cortex. 
In sum, our study supports that the mutations detected in the Grik1 and Cacna2d3 genes are most likely to 
result in an excitatory unbalance in the IC that facilitates the status epilepticus. 
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Despite evidence supporting the use of cannabidiol (CBD) as an anticonvulsant agent, 
controversy remains related to dosage, sex-dependent efficacy, and negative health effects. 
Here, we aimed to investigate the potential anticonvulsant and adverse effects of CBD in the 
genetic audiogenic seizure hamster from Salamanca (GASH/Sal). Male and female 
GASH/Sal hamsters received acute and chronic intraperitoneal injections of CBD (200 
mg/kg) or the vehicle and seizures were induced by loud sound stimulation. Animals were 
evaluated for seizure severity and neuroethology with the Ethomatic software, body weight 
variations as well as hematological and biochemical parameters (14-days post-treatment). 
Blood levels of CBD were assessed using HPCL in all experimental groups. Animals treated 
with the vehicle exhibited the maximum values in the categorized seizure index after acute 
and chronic administrations. Acute effects of a single CBD administration were the complete 
elimination or significant reduction of seizures in females, whereas males were not affected. 
Chronic treatment with CBD showed absence of seizures in 40% of the females and a 
significant decrease in seizure severity in another 40%. On the contrary, 12% of the males 
presented fully absence of seizures and 50 % reduced the seizure severity, whereas no effects 
were noticed for the remaining males. All GASH/Sal animals showed a steady weight as well 
as normal hematological and biochemical parameters after chronic administration, without 
statistically significant differences as compared to the baseline pre-treatment conditions. 
Higher blood levels of CBD correlated with reduced seizure scores. In sum, acute and chronic 
CBD treatments exert sex-dependent anticonvulsant effects on the GASH/Sal model. No 
adverse effects on body weight, hematological parameters and liver function were observed 
following repeated daily administration. 




