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brian2cuda - generating CUDA code for GPUs for parallel neural
network simulations in BRIAN2
Alevi, Denis, Moritz Augustin, and Klaus Obermayer

Neural Information Processing Group, Technische Universität Berlin, Berlin, Germany
Bernstein Center for Computational Neuroscience Berlin, Berlin, Germany

We are currently developing a Python software for the parallel numerical integration of spiking neuron
and synaptic models using GPU code generation in CUDA C++. Here we combine the massively parallel
arithmetic capabilities of NVIDIA GPGPUs with the user-friendly string-based model definition
approach from the Brian2 software 1 to obtain beyond state-of-the-art network simulation
performance without the cost of requiring users to write their model scripts in a low-level
programming language. Our code is made available as free and open source software 2. This talk will
introduce the basic principles of the brian2cuda package and will discuss the kind of spiking neural
network simulations that stand to benefit from GPU computations.

www.briansimulator.org / Goodman & Brette (2009) Frontiers in Neuroscience / Stimberg, Goodman,
Benichoux, Brette (2014) Frontiers in Neuroinformatics
2 https://github.com/brian-team/brian2cuda/
1
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Involvement of perineuronal nets in spatial information
transfer between the entorhinal cortex and hippocampus
Blackstad, Jan Sigurd, Ane Charlotte Christensen, Kristian K. Lensjø, Marianne Fyhn, Torkel
Hafting
University of Oslo

The reciprocally connected network of entorhinal cortex and hippocampus is pivotal in spatial
navigation and episodic memory. The neurons in these regions show a spatial modulation of activity
where cells in the medial entorhinal cortex (mEC) is likely to provide a spatial metric to the downstream
hippocampal place cells. The mEC is rich in perineuronal nets (PNNs), a type of extracellular matrix that
wraps around the soma and proximal dendrites of neurons. The PNNs are thought to limit plasticity in
adult animals as removal of PNNs in adult animals induces plasticity to juvenile levels in the cortex.
PNNs are especially abundant around fast-spiking parvalbumin positive interneurons (PV+), a class of
inhibitory neurons which likely synchronizes activity within the mEC and influence information transfer
between the mEC and hippocampus. Proper information transfer is essential to ensure accurate spatial
representations. The contribution of the PNNs in the mEC for stabilizing this process remains unknown.
Here, we address this and investigate the effects of removal of the PNNs in the mEC on the
synchronization of activity between the mEC and hippocampus. The PNNs were removed by local
injections of the enzyme chondroitinase into the mEC of rats. Using chronically implanted tetrodes
local field potential oscillations were recorded simultaneously from the dorsocaudal part of the mEC
and CA1 of the hippocampus. In order to compare states involving different levels of plasticity, we will
present recordings from animals tested in familiar and novel environments.
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Neurogenesis on SpiNNaker
Bogdan, Petrut

University of Manchester

In my PhD I will investigate the problem of designing evolving spiking neural networks running on the
SpiNNaker neuromorphic computation platform. My research revolves around enhancing existing
neural simulators running on SpiNNaker to allow for structural plasticity in a biologically plausible way.
More specifically, the processes to be investigated are neurogenesis and synaptogenesis, most likely
as they happen in adult brains, as opposed to during pre-natal development, in areas such as the
hippocampus and the olfactory bulb.
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Neural coding of object shape in the macaque frontal cortex
Caprara, Irene, Premereur E, Romero MC, Janssen P

Laboratorium voor Neuro-en Psychofysiologie, Katholieke Universiteit Leuven, Belgium

Previous studies showed effective connectivity between the posterior sector of the Anterior
Intraparietal area (pAIP) and prefrontal area 45B (Premereur E et al. (2015) PLoS Biology 13:
e1002072). Moreover, neurons in pAIP respond selectively to 2D shapes, contours and small line
fragments (Romero MC et al. (2014) Journal of Neuroscience 34, 4006-4021). In the present study, we
aimed to investigate the selectivity of single neurons in area 45B and to compare this to its input stage
(pAIP). First, we performed electrical microstimulation during functional Magnetic Resonance Imaging
(fMRI) in pAIP and observed the activation of area 45B in two monkeys, consistent with previous
studies. Then, we recorded single-cell responses in area 45B in the activation induced by
microstimulation of pAIP using images of objects during passive fixation. We first mapped the
receptive field (RF) for every responsive cell using images of objects (3 deg) in a 12 by 8 deg area during
passive fixation in the center of the screen, and then determined the minimum effective shape
features evoking selective responses using a stimulus reduction approach. The stimuli consisted of
contour shapes derived from images of real-world objects (full outlines; circumference ~16 deg), and
line segments obtained by subdividing the full contours into 4, 8 and 16 fragments (length 4, 2 and 1
deg, respectively). We tested 111 responsive neurons in two monkeys. The large majority of those
neurons (62%, 69/111) responded significantly to at least one of the 4-fragment stimuli, 71% (79/111)
responded to at least one of the 8-fragment stimuli and 90% (100/111) responded to at least one of
the 16-fragment level. Moreover, we determined the minimum effective shape feature (MESF) as the
lowest level of fragmentation for which we observed a response which was at least 70% of the full
outline response and not significantly smaller than the response to the original contour. With this
criterion, for 74% of the neurons tested the MESF was one of the 16-fragment stimuli (82/111), while
for only 14% of the neurons the MESF was one of the 8- (9/111) or 4-fragment stimuli (7/111). For the
remaining neurons (12%, 13/111), the full contour was the minimum effective shape feature.
Furthermore, the RF profiles in area 45B showed a very high complexity, ranging from large uniform
RFs to small foveal RFs, similar to pAIP. In conclusion, EM-fMRI guided single-cell recordings show that
area 45B neurons respond selectively to images of objects, and that their minimum effective shape
features generally consist of very small line fragments measuring 1deg.
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Examining abnormal reward learning in bipolar disorder
Dubois, Magda, Poornima Kumar, Lisa A. Berghorst, Doug. N. Greve, Thilo Deckersbach,
Diego A. Pizzagalli
McLean Hospital (Harvard Medical School) and Massachusetts General Hospital

Background: Bipolar disorder (BD) has been associated with dysregulated reward processing, with
individuals experiencing anhedonia (reduced reactivity to pleasurable stimuli) during depressive
episodes and hyperhedonia (increased pleasure seeking behavior) during manic episodes. The
investigation of reward related neural functioning within euthymic BD samples is of particular interest
to identify potential reward processing dysfunctions that could act as trait markers of the illness.
Methods: In Study 1 we examined 13 euthymic individuals with bipolar disorder and 15 healthy
controls during a monetary incentive delay (MID) task whilst in the fMRI scanner. In preliminary Study
2, we examined 8 healthy and 8 euthymic BD individuals during a behavioral social reinforcement
learning (RL) task. During the task, participants had to choose one of the two stimuli presented on the
screen in order to obtain a reward (cheer sound) or avoid receiving a punishment (boo sound). The
participants had to learn, by trial and error, the changing stimulus–outcome associations. Learning rate
was calculated by adding the deviation between the participants’ and pre-defined total choice across
the task. Accordingly, the MID task investigated neural correlates underlying reward anticipation and
consumption, whereas the behavioral RL task probed reward learning in patients and controls,
allowing us to assess different subcomponents of reward processing.
Results: fMRI data were processed using FSL. The onset times of reward anticipation and consumption
events were convolved with an hemodynamic response function. Parameter estimates from
anatomically defined putamen and amygdala were extracted during reward anticipation and
consumption and analyzed using SPSS. BD patients exhibited reduced putamen activation during
reward consumption and increased amygdala activation during reward anticipation (p <0.05).
Complementing this latter findings, in study 2, we found that BD subjects had blunted reward learning
when compared with healthy individuals (p < 0.05).
Conclusions: Findings across both studies converge in showing that BD patients are characterized by
impaired reward learning, highlighting that reward dysfunction could be a promising trait marker of
the illness. Overall, findings may translate to an impaired ability to use reward predicting cues to
appropriately engage in goal-directed actions in BD.
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Utilizing mouse models to study altered brain wiring in human
callosal disorders
Edwards, Timothy J., Y. Li, C. Liu and L.J. Richards

The University of Queensland, Queensland Brain Institute, School of Medicine, The School of Biomedical Sciences, Brisbane,
Australia
Institute of Automation, Chinese Academy of Sciences, Brainnetome Center, National Laboratory of Pattern Recognition,
Beijing, China

Agenesis of the corpus callosum (AgCC) is among the most common brain malformations in humans.
In AgCC, axons fail to form the largest commissural tract in the brain, and instead must establish
connections with either novel synaptic partners within the ipsilateral hemisphere or cortical regions in
the contralateral hemisphere via alternative commissural routes. MRI studies in humans have
suggested that alternative commissures may partially compensate for lost interhemispheric
connectivity, and that a novel ‘sigmoid bundle’ connecting the left frontal cortex with the right parietooccipital cortex exists in individuals with partial AgCC. If these tracts exist biologically, they would
provide strong evidence that novel structural connections can form in response to
neurodevelopmental malformations.
Diffusion MRI studies in humans are limited, however, as they rely on the interpretation of indirect
measures of brain structure, and findings are difficult to verify without invasive investigations. To
address these limitations, we have established the first mouse model of altered structural connectivity
in variable severity AgCC. We employed a connectome-based approach to determine how structural
connectivity is altered in this mouse model, and demonstrate that AgCC mice have comparable
alterations in brain network organization to their human counterparts. We next utilized network-based
statistics to identify specific differences in connectivity between callosal conditions. Notably, we
identified a sigmoid bundle in partial AgCC mice that asymmetrically connects the left frontal
association cortex with the contralateral parietal association cortex and hippocampus. Together, these
findings suggest that principles of brain reorganization in AgCC may be conserved across species.
Moreover, they provide a rationale for validation of tractography data utilizing histological methods.
To validate diffusion MRI findings, we performed ex vivo carbocyanine dye injections (DiI and DiD) in
the same mouse brains that underwent diffusion imaging. Complete and partial AgCC and normal
corpus callosum brains were injected bilaterally with carbocyanine dyes ex vivo. In parallel, we have
established a method to reconstruct two-dimensional histology images into a three-dimensional
whole-brain histology volume in MRI space. This approach allows two routes of analysis. First, direct
qualitative comparison between tractography results and carbocyanine dye tracing results. Second,
histology volumes can be registered to a mouse MRI atlas we have established previously to
quantitatively compare connectivity properties of injected areas to the same obtained from
connectome results. Together, the results of this study represent one of the first systematic
characterizations of altered structural connectivity in a mouse model of brain malformation, and
therefore serve as a proof of principle for the utility of this approach in studying animal models of
human neurological disorders.
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The detail and abstract model of large-scale networks for
simulating primate retina
Fang, Shu

Peking University

A characteristic feature of nearly all primate retinas is the fovea, which lies in the center of macula
lutea. Although fovea only occupies a small pit of retina, it contains highest density of cones and
ganglion cells (termed midget ganglion cell). For instance, approximately 25% of ganglion cells are
located in the fovea. Because such a huge amount of ganglion cells were packed in the fovea, fovea is
critical for accurate vision to our human. To explore information processing in primate retina, in
particular in the fovea, we have launched a joint project in Beijing, called large-scale simulation of
primate retina. The retina project is an overture to the ambitious Chinese Brain Project.
At current stage, our focus is to simulate the fovea. We construct the network model at both detailed
and abstract level. At detailed level, we have built detailed ganglion cells with their morphologies taken
from real monkey data. To optimize model parameters, we have used the “BluePyOpt” (a tool
developed at HBP) to search for best results. With such tools, we have managed to tune parameters
for bipolar cell, amacrine cell and ganglion cells. At abstract level, we have constructed a five-layer
fovea network with millions of point neurons, including photoreceptors, on/off-bipolar cell and on/offganglion cells on NiMiBrain, a GPU-based platform developed in our project. The million-neuron level
network model of fovea has real-time response to external inputs such as images.
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Decoding brain cognitive activity across subjects using
multimodal M/EEG neuroimaging
Fatima, Sarwat, Awais M. Kamboh

Neuroinformatics Lab, School of Electrical Engineering and Computer Sciences (SEECS), National University of Science and
Technology (NUST), Islamabad, Pakistan

Brain decoding is essential in understanding of where and how information is encoded inside the brain.
Existing literature has shown that a good classification accuracy is achievable in decoding for single
subjects, but multi-subject classification has proven difficult due to the inter-subject variability. In this
paper, multi-modal neuroimaging was used to improve multi-subject classification accuracy in a
cognitive task. In this transfer learning problem, a feature space based on xDAWN spatial filtering,
along with special-form covariance matrices manipulated with riemannian geometry are used. A
supervised two-layer hierarchical model was trained iteratively for estimating classification accuracies.
Results are reported on a publically available multi-subject, multi-modal human neuroimaging dataset
from MRC Cognition and Brain Sciences Unit, University of Cambridge. The dataset contains
simultaneous recordings of electroencephalography (EEG) and magnetoencephalography (MEG). Our
model attained, using leave-one-subject-out cross-validation, classification accuracy of 70.82\% for
single modal EEG, 81.55\% for single modal MEG and 84.98\% for multi-modal M/EEG.
Note: The research work has been submitted to IEEE International Symposium on Biomedical Imaging
Conference.
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Real-time neuromorphic encoding of visual stimuli acquired
with a camera through Labview interface
Finocchiaro, Martina, Elisa Massi, Calisti, M., Mazzoni, A.
Department of Information Engineering, University of Pisa, Italy
The Biorobotic Institute of Scuola Superiore Sant'Anna, Pisa, Italy

The processing of the visual information in humans ends in the cortex but already starts at the level of
the retina. The first neural encoding of visual stimuli occurs at the level of the ganglion cells whose
axons converge into the optic nerve. However, the firing rates of the ganglion cells carry information
about the external stimulus after that this has already been processed by the complex neural circuits
within the retina, made of photoreceptors, horizontal, amacrine and bipolar cells.
The aim of this work is to emulate the neural dynamics of human ganglion cells through a real time
implementation of spiking neuron models. Visual data acquired by means of a webcam will be encoded
in the spiking patterns of the simulated ganglion cells mimicking the way the same image would have
been encoded in ganglions cells firing after reaching the retina. Our algorithm in particular aims at
encoding colour features of the image with a neuromorphic approach, contributing to the quest for
an innovative bioinspired artificial visual system.
Briefly, image processing and reconstruction work as follows. A 5x5 grid is applied on the real time
acquired image, determining the resolution of the artificial sense. Each one of the 5 regions of interest
feeds a virtual neuron. We modelled ganglions cell with an Izhikevich neuron model, implemented in
LabVIEW. A proper choice of the model parameters was selected to replicate the adaptive properties
of the retina in processing to contrast and colours. For each region of the image a 16-elements colour
spectrum is computed. The gain factor of the input current to each neuron is based on the major colour
of the spectrum. Exploiting the adaptive dynamics of the neurons, 9 colour features, that are 7
biologically relevant colours and black and white, are encoded into different firing rates. Real time
decoding of these firing rates finally leads to a colour based reconstruction of the image.
The obtained results show a 100% accuracy in real time recognition of 4 out of the 9 classes previously
encoded (red, green, blue and black), under certain controlled luminosity constraints. The 20 Hz
updating frequency of the decoding of the image is biologically plausible. While, the spatial resolution
of 5x5 grid may be improved using a National Instrument myRIO embedded device, which is
reconfigurable and reusable and can feature parallel programming and high execution. This work
offers an alternative classification method for visual features recognition, which has the potential to
achieve great results, using a simpler algorithm than the traditional one. The advantage of bioinspired
methods is the reduction of computational complexity, resulting in an overall optimization, keeping
high efficiency. Taking advantage of the built-in Wi-Fi of the myRIO board, the developed system could
be exploited in autonomously moving robots. Finally, this study may be useful for closed loop hybrid
bionic systems to restore missing vision-sensory function or to augment it and it could also be
integrated in neurophisiological studies.
Keywords: neuromorphic computation, colour recognition, retina simulation.
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PV interneurons in visual cortex control contrast sensitivity and
spatial integration of pyramidal cells
Fiorini, Matilde, Sinem Erisken, Agne Vaiceliunaite, Ovidiu Jurjut, Steffen Katzner, Laura
Busse
Werner Reichardt Centre for Integrative Neuroscience, University of Tübingen, Germany
Graduate School of Neural and Behavioural Sciences, International Max Planck Research School, Tübingen, Germany
Division of Neurobiology, Department Biology II, LMU Munich, Germany

In primary visual cortex (V1), the largest neuronal population mediating GABAergic inhibition is
represented by fast-spiking parvalbumin-positive interneurons (PV+ INs). Previous studies suggested
that PV+ INs influence low-level visual processing by controlling contrast gain and shaping spatial
integration of pyramidal cells. Interestingly, altered contrast perception and spatial integration are
associated with schizophrenia, where one theory proposes that hypofunctioning NMDA-glutamate
receptors (NMDAR) might cause deficient excitatory drive to PV+ INs (Marin, 2012). Following this
model, we investigated whether selective ablation of NMDAR in PV+ INs was sufficient to alter sensory
processing at early stages of the visual pathway.
We crossed PV-Cre mice with mice carrying floxed alleles of the obligatory NMDAR NR1 subunit and
compared visual responses between transgenic (NR1-PVCre-/-) and control animals. We recorded
extracellular single unit activity from V1 and dorsolateral-geniculate nucleus (dLGN) of head-fixed mice
placed on a spherical treadmill. For the analysis of neural activity, we concentrated on periods in which
animals were stationary. Based on spike waveshapes, we classified V1 neurons as broad- or narrowspiking.
To assess how the reduction of NMDAR-mediated PV+ excitation changes baseline response properties
in the V1 population, we first considered spontaneous activity. As expected, NMDAR ablation in PV+
INs led to lower firing rates in narrow-spiking and higher firing rates in broad-spiking neurons. We then
restricted our analyses to broad-spiking, putative excitatory neurons and probed the role of NMDAR
in PV+ INs for spatial integration: we observed that receptive field center sizes of V1 cells in mutants
were smaller as compared to controls, and suppression strength was increased. Since it is well known
that spatial integration depends on stimulus contrast, we tested the hypothesis that NMDAR
dysfunction in PV+ INs could contribute to the processing of contrast. We found that broad-spiking V1
cells in NR1-PVCre-/- mice had significantly higher contrast sensitivity across all cortical layers as
compared to controls. This increase in sensitivity seems to be a cortical phenomenon as contrast
responses were similar between genotypes for neurons in dLGN.
Together, our results demonstrate a critical role of PV+ INs for shaping contrast sensitivity and spatial
integration of pyramidal cells. We speculate that reduced glutamatergic excitation of cortical PV+ INs
increases the effective stimulus drive in the V1 network, which in turn translates into a regime of more
focused spatial integration.
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Integrative analysis of transcriptomics and proteomics data for
the molecular characterization of human brain after ischemic
stroke
García-Berrocoso, Teresa, Alba Simats, Ferran Briansó, Víctor Llombart, Alex Hainard, Alex
Sánchez-Pla, Jean-Charles Sanchez, Joan Montaner
Neurovascular Research Laboratory, Vall d'Hebron Institute of Research, Universitat Autònoma de Barcelona, Spain
Statistics and Bioinformatics Unit, Vall d'Hebron Institute of Research, Universitat Autònoma de Barcelona, Spain
Translational biomarker group, Human protein science department, University Medical Center of Geneva, Switzerland

Background: Cerebral infarction or ischemic stroke is a complex neurovascular disease that ranks as a
leading cause of death and disability worldwide. While at vascular level the treatment of stroke is
rapidly progressing to benefit more patients, the use of neuroprotectant drugs to avoid infarct growth
has not succeeded yet. To understand better the pathophysiology of stroke and how to reduce those
dramatic outcomes by new therapeutic strategies, many molecular and signaling pathways have been
studied in ischemic brains. Even some first massive approaches, at least in brain proteomics, have been
already conducted to find these molecular changes. However a broad analysis of gene expression
changes in human brain after stroke has not been conducted so far.
Aims: To identify and to verify new molecular changes that happen in the human brain after stroke
using, in parallel, both proteomics and transcriptomics techniques. To integrate both datasets to find
the most relevant players and to interpret these results in a biological context.
Methods: Flash-frozen brain samples from the infarct core (IC) and healthy contralateral (CL) areas of
6 patients who died due to ischemic stroke were processed to obtain protein content (homogenization
with 0.1% Rapigest surfactant lysis buffer) and total RNA (Norgen® Fatty tissue RNA purification kit).
Proteome was obtained after analysis by mass-spectrometry (LTQ-OT MS) and comparative
quantification in a label-free manner of ICvsCL using Progenesis LC-MS software was done. Affymetrix®
Human Transcriptome Arrays were employed to explore gene expression changes between ICvsCL
samples and the data obtained was analyzed using the R libraries developed at the Bioconductor
project. Relevant features (p<0.05, fold-change>1) in each dataset were integrated through multiple
co-inertia analysis and regularized canonical correlation analysis using specific R packages (made4,
mogsa & miXomics) and combined with biological annotations from the Gene Ontology consortium.
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Understanding cerebellar pathologies: Computational models
to link neural damages to misbehaviours
Geminiani, Alice, Claudia Casellato, Egidio D’Angelo, Alessandra Pedrocchi

NeuroEngineering and Medical Robotics Laboratory, Department of Electronics, Information and Bioengineering,
Politecnico di Milano, Italy
Department of Brain and Behavioral Sciences, University of Pavia, Italy
Brain Connectivity Center, Istituto Neurologico IRCCS Fondazione C. Mondino, Pavia, Italy

Since the first neurophysiological studies and computational models, the cerebellum has been
recognized as a key structure in leading adaptation, learning, consolidation and memory of motor
commands during specific tasks. This function is accomplished thanks to a modular circuit organized
in microcomplexes, and distributed plasticity at different layers, acting on short and long time scales.
Following genetic mutations or localized lesions, cerebellar diseases compromise motor learning
during adaptive motor paradigms. The standard tools to investigate those pathological conditions are
imaging techniques or behavioural tasks, besides the use of animal models for recording the modified
neural activity in such cases. However, the relationship between the low-level altered mechanisms and
the misbehaviours is still unclear, making it difficult to unequivocally identify the neural causes of
cerebellar diseases.
To this aim, the tools of computational neuroscience are becoming fundamental in the neuroscience
community, to integrate knowledge in the brain at multiple scales and understand the brain
functioning in both physiological and pathological conditions. Therefore, we here apply this approach
to the cerebellum, focusing on the circuit alterations following diseases. Our starting point is a realistic
medium-scale Spiking Neural Network with distributed plasticity, representing a cerebellar
microcomplex. The network, embedded in closed-loop simulations, is able to reproduce cerebellumdriven tasks like the Eye Blink Classical Conditioning (EBCC) or the Vestibulo-Ocular Reflex (VOR).
Therefore, specific manipulations of the model can be applied to represent low-level damages and
then simulate the consequent behavioural dysfunctions.
The first results have been achieved in modelling lesions at different levels (neural populations, input
signals and plasticity mechanisms) during a simple associative task, the EBCC, and the more complex
VOR. The following strengths emerged:
- the realism of the used model;
- the integration of analyses on multiple scales, linking the low-level neural damages with
misbehaviours;

-

the continuous comparison with experimental clinical reference data to validate the results.

Further effort will be put on the model refinement, by improving dynamics of single neuron models,
implementing new plasticity mechanisms and adding extracerebellar connectivity. Then additional
simulations of different pathological conditions will be performed.
The final model could be used as a toolkit for neuroscience and medicine to test and suggest
hypotheses on the causal relationships, possible treatments and compensatory mechanisms during
diseases, thus contributing to understand pathologies and identify the patterns of each disease.
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Spectral organization of human brain activity
Goldman, Jennifer S., Alan C. Evans, and Jean-Marc Lina

Ludmer Centre for Neuroinformatics and Mental Health
Montreal Neurological Institute
Department of Bioengineering, McGill University
Centre de recherches mathématiques, Université de Montréal
Department of Electrical Engineering, École de technologie supérieure

Brain activity produces adaptive behavior, but the structure of information generated by biological
neural networks has remained obscured by high dimensional signals that vary extensively between
subjects and times. Here we describe a novel analysis framework combining empirical, probabilistic,
and theoretical approaches not requiring ad hoc axioms to characterize spectral coupling between
modes in magnetoencephalography (MEG) signals recorded from healthy human adult brains at rest
and performing a working memory task. The data reveal an elegant organization of modes in human
brain activity, characterized by selfsimilar probability distributions with especially energetic keystone
species spaced by discrete relationships in the frequency domain. Diverging from chance, spectral
coordination in human recordings carries information contingent on cognitive ability, with quantal
regulation of resonances between cognitive states. The data identify a novel resonance architecture
in human brain activity with implications for understanding brain function.
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Bio-inspired control algorithm of a humanoid robot
Gómez López, Juan Carlos, Jesús A. Garrio Alcázar, Eduardo Ros, Vidal Eva, Martínez
Ortigosa
Department of computer engineering and technology of the University Of Granada, Spain

Traditionally, robotic systems require a safe zone (area) where the person cannot access when the
robot is working, due to the danger for humans in case of malfunctioning when the robot movement
becomes unpredictable or potentially dangerous for humans in this close peri-robotic area. However,
in the last years, the robots have evolved and they have become more suitable for a collaborative
robot with human operators (as it is the case of the robot used in this project, Baxter). This robot use
low gains and a sensor complex systems so that it considered safe for operators and human
interaction. This project will approach the creation of a bio-inspired control algorithm for the use
within the ROS (Robotic Operating System middleware) API, the Gazebo simulator and in the physical
robot. The ROS API will be used to integrate the different elements (robotic agent and neural
simulator). ROS is widely used and makes it easy to adapt the developed approach to other kinds of
robots. We want to integrate the cerebellum inside the robotic control loop. For that, we will use the
EDLUT neural simulator API. EDLUT is an open source neuron simulator that work with spikes and it
was developed in the University of Granada, it is specially suited for real-time embedded neural
simulation experiments. In the future we will also explore other approaches such as NEST or Spinnaker
for larger neural systems.
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Brain stroke treatment with transient receptor potential
melastatin-2 channel inhibitor
Harikrishnareddy, Dibbanti, Bikash Medhi

Neurobehavioral Research Laboratory, Department of Pharmacology, Post Graduate Institute of Medical Education and
Research, Chandigarh, India

Introduction:
Brain stroke remains the leading cause of death and disability worldwide. Although progress has been
made in prevention and supportive care, efforts to guard the brain from ischemic neuronal death have
failed. Recently transient receptor potential melastatin-2 (TRPM-2) ion channel have been identified
as major culprit that initiates neuronal death in cerebral stroke. These channels raises the intracellular
Ca2+ levels there by initiating mitochondrial membrane disruption, oxidative stress, glutamate
excitotoxicity and thereby causing neuronal death. We therefore investigated the neuroprotective
effect of TRPM-2 channel inhibitor flufenamic acid for the treatment of Brain stroke.
Materials and Methods:
Adult male Wistar rats weighing 250±20g were divided into six different groups viz sham operated,
vehicle treated, flufenamic acid 5mg, flufenamic acid 10mg, flufenamic acid 20mg, and flufenamic acid
40mg groups. Cerebral stroke was induced by focal transient middle cerebral artery occlusion (MCAO)
model. Sensorimotor functions was assessed by neurological deficit score, infarct volume was
calculated by using of 2,3,5-triphenyltetrazolium chloride (TTC) staining, blood-brain barrier integrity
was investigate by Evans blue dye.
Results:
Flufenamic acid 20mg significantly attenuated neurological defiits and reduced infarct volume in rats.
Blood brain barrier integrity was lost after focal transient cerebral ischemia and this was retained by
flufenamic acid treatment.
Conclusion:
Flufenamic acid provides protection after brain stroke in experimental focal cerebral ischemia.
Together with the advantageous pharmacological features of flufenamic acid, these results warrant
further investigations of its mechanisms of action and translational values in brain stroke patients.
Key words: TRPM-2 Channels, Brain stroke, Neuroprotection, TTC staining.
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Analysis of a neocortical network with local efficiency
Hong, Sungyeon

EPFL

Persistent homology is appreciated to be a handy tool to detect holes in a dataset and to study
connectivity patterns of complex networks through a nested sequence (filtration) of simplicial
complexes. In this semester project, given a dataset from the Blue Brain Project, we use persistent
homology to study the brain organization in the somatosensory cortex of a rat. In particular, we use a
filtration obtained by weighting cortical neurons by a classical graph-theoretic measure called “local
efficiency."
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Functional analysis of polyQ genes by examining spatial coexpression across the human brain
Keo, Arlin, Ahmed Mahfouz, N. Ahmad Aziz, Willeke M.C. van Roon-Mom, Boudewijn P.F.
Lelieveldt, Marcel J.T. Reinders
Bioinformatics Lab, TU Delft; Dept. of Radiology, LUMC; Dept. of Neurology, LUMC; Dept. of Human Genetics, LUMC

Polyglutamine (polyQ) diseases are inheritable, neurodegenerative disorders caused by an expansion
of a CAG repeat tract in the coding region of one of the polyQ disease-associated genes. There are nine
polyQ diseases which include Huntington's disease (HD) and multiple spinocerebellar ataxias (SCAs),
each with their own causative gene. It is known that a longer CAG repeat tract leads to an earlier onset
of the disease, but not all differences in age of onset can be explained by repeat length. Recent studies
have shown that interaction among the polyQ genes affects the age of onset in HD and SCAs. In this
study we aim to find the functional relations among the nine polyQ genes by analyzing their
coexpression patterns across the human brain using the Allen Human Brain Atlas data. This highresolution spatial microarray data allows the construction of gene-gene networks on a whole brain
level as well as on a region-specific level. Genes that co-express with multiple polyQ genes are
indicators of interaction between the polyQ genes and potentially play a role in the age of disease
onset. Moreover, sets of genes co-expressed with each of the polyQ genes may give rise to the
functional relatedness when examining the common functional pathways in which they are involved.
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Language-related gene activity: From gene to brain to behavior
Kong, Xiangzhen, Simon E. Fisher, Clyde Francks

Language and Genetics Department, Max Planck Institute for Psycholinguistics; Donders Institute for Brain, Cognition and
Behavior, Radboud University

Combining approaches at multiple scales, including gene, protein, brain and behavior, would provide
a comprehensive picture of brain functions and individual differences. In this project, we will focus on
the human language system, combining post mortem analysis of the transcriptome with genotyping in
large datasets, functional mapping, and behavioral tasks, as well as receptor mapping via collaboration
with Human Brain Project (HBP) investigators.
The aim of this project is to reveal how the molecular genetic infrastructure supports the languageready brain. Specifically, we will address three questions. First, what combinations of genes and
proteins (receptors, ion channels etc.) distinguish regions of the language system in the brain? Second,
what are the relationships between transcriptomic profiles and large-scale functional/anatomical
connectivity in brain, particularly within the language system? Third, do sets of genes arising from
transcriptomic analysis, which are important for the language network, contain polymorphisms that
are associated with individual differences in language-related performance, and brain anatomy and
function? As part of this project we will generate a new transcriptomic dataset focused on the cortical
language network. This study also links to the MULTI-LATERAL project (Multi-level Integrated Analysis
of Brain Lateralization for Language), a Partner Project to the HBP.
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The chemistry behind the origins of life
Leonardi, Giuliamonica, Dr Powner Research Group

Department of Chemistry, UCL

Dr Powner laboratory research group is investigating the chemistry of the origins of life. More precisely
we are looking at how biological molecules are formed. The research highlights a plausible chemical
pathway using the pyrimidine synthesis reported by Powner et al. 3 as a model to give ultimately one
complete system chemistry approach to synthesis all 4 canonical nucleotide; the “Molecular Biologist’s
Dream.”
Our interest in purines was raised by two principle concerns the novelty of the topic and the ability to
synthesise one of most widely utilised structural motif compounds in nature: adenine. The synthesis
of nucleosides sets seven necessary conditions: it has to use D-ribose in its aldose pentose furanosyl
form, it need to be regiospecifically glycosylated and phosphorylated and with the ability to enhance
regiospecific oligomerization.
The main goal of this project was to synthesise prebiotic purine nucleotide simply based on
stereochemical and regiochemical control from ribose. The theory behind this approach relies on the
principle of self-assembly of nucleosides in a minimal chemical environment with very little alteration
of physiological conditions (in fact most of the reactions are carried out in water) in order to replicate
the natural pathway.
Besides getting a better understanding of the origins of life in itself, which of course is really appealing
as a general question, this research is relevant to the design of new and more efficient
pharmacophores. In fact, a better understanding and a more tailored design of drug-like compounds
synthesised in the most simple conditions as possible – mostly in water, using not too high
temperatures, catalyst-free and without protecting groups – would make it easier to adapt and
implement in the pharmaceutical industry.
Below is a brief scheme to overview the synthesis process:

3

Powner, M. W.; Gerland, B.; Sutherland, J. D. Nature 2009, 495, 239.
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Achievements:
The pH control hence the stability of the reactions in a chemical-free environment has been proven to
be very challenging. Nonetheless, the success of this project resulted in bypassing the instability
problem of both purines and ribose and resolve three of the canonical requirements for the purine
nucleoside synthesis in water with very little external control or extra reagents.
Furthermore, promising results are shown with radical reaction to efficiently cyclise and this is possibly
a valid way forward to pursue to finish building the purine and later attempt phosphorylation and
obtain α linkage.
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Modeling the NREM slow oscillation as an excitable state of the
neocortex
Levenstein, Daniel, Brendon Watson, György Buzsáki, John Rinzel

NYU Neuroscience Institute, NYU Center for Neural Science

“Synchronized” regimes in which neuronal populations alternate between states of network activity
(UP) and silence (DOWN) are seen throughout the neocortex during periods of behavioral inactivity
such as sleep, anesthesia, and quiet wakefulness, as well as in cortical slice preparations. In these
different experimental preparations, UP/DOWN transitions show qualitatively and quantitatively
distinct temporal statistics, as indicated by the distributions of dwell times in each state. During NREM
sleep, this pattern of activity has been described as the slow (0.5-4Hz) oscillation and is associated with
both memory-related and homeostatic plasticity, suggesting that an understanding of the dynamic
mechanisms underlying this sleep oscillation may help give a mechanistic understanding of sleep
function. Using an idealized rate model, we show that a recurrent neuronal population with slow
negative feedback, or adaptation, can produce a variety of qualitatively different UP/DOWN regimes
when the population is dominated by recurrent, as opposed to external, drive. By fitting the modeled
dwell time distribution to that of experimental data, we find that cortical dynamics during NREM sleep
best fit an “ExcitableUP” regime in which a stable UP state is punctuated by noise-induced excursions
to a transient DOWN state. Using a model with an inhibitory as well as an adapting excitatory
population, we show that when this regime is characterized by an E/I-balanced UP state in which small
perturbations produce resonant E-I (gamma) oscillations, while large perturbations initiate DOWN
states which are followed by gamma at the DOWN->UP transition, as seen in naturally sleeping rats
during NREM sleep.
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Functional connectivity hubs of the mouse brain and their
impairment in autism models
Liška, Adam, Alessandro Gozzi

Center for Mind/Brain Sciences, University of Trento, Rovereto, Italy
Functional Neuroimaging Laboratory, Center for Neuroscience and Cognitive Systems, Istituto Italiano di Tecnologia,
Rovereto, Italy

Functional and structural brain connectivity alterations, as identified using functional and diffusionweighted MRI, have been consistently described for a number of neurodevelopmental disorders,
including autism spectrum disorder (ASD). However, these aberrancies are often heterogeneous
across patient cohorts, and the neurobiological underpinnings of these findings remain largely
unknown.
Recent progress in mouse brain connectivity mapping via resting-state fMRI and diffusion-weighted
MRI offers the opportunity to provide testable mechanistic hypotheses about the elusive origin and
significance of connectional aberrations observed in autism, by providing a causal relationship
between ASD-related genetic etiologies and macroscale connectivity.
In this talk, I will present the results of recent work where I have employed methods from network
science to provide a fine-grained description of the functional organization of the mouse brain, leading
to the identification of a set of heteromodal cortical regions exhibiting hub-like properties.
Interestingly, these hub regions appear to be preferentially affected in mouse models of autism.
In the second part of my presentation, I will briefly discuss how such connectivity analyses can be
interfaced with other multimodal datasets of the mouse brain. I will show our ongoing work in using
the Allen Mouse Brain Connectivity Atlas for the evaluation of white-matter tractography procedures,
and gene expression datasets to analyse transcriptional profiles of hub regions.
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Can you teach an old monkey a new trick?
Malem Shinitski, Noa, Yingzhuo Zhang, Daniel T Gray, Anne C Smith, Carol A Barnes, and
Demba Ba
TU Berlin
Harvard University
University of Arizona

Understanding how learning and performance differ between groups of subjects is important in many
fields of neuroscience research. Obtaining an objective measure is challenging since learning is
dynamic and varies greatly between individuals. We introduce a method for analyzing twodimensional binary response data from subjects performing multiple tasks across multiple days that
enables us to compare task difficulty and learning between monkeys in two age groups. The data set
comprises 14 female macaque monkeys (6 young) performing a reversal learning task in the form of a
modified Wisconsin Card Sort Task. Conventional methods ignore the 2D nature of these data by either
aggregating the responses across days or across tasks, and fail to capture simultaneously detailed
changes in learning dynamics within and across days. We propose a separable 2D random field (RF)
model wherein the probability of a monkey correctly performing a given task on a given day depends
on two latent Markovian state sequences that evolve separately but in parallel. We use a Laplacian
prior for the latent process capturing the learning dynamics across days which, unlike its Gaussian
counterpart, allows abrupt transitions such as occur in reversal learning. A new and efficient empirical
Bayes Monte Carlo Expectation-Maximization algorithm is used to maximize the marginal likelihood of
observations from the separable 2D RF, followed by a novel provably convergent iteratively reweighted least-squares Maximum a Posteriori algorithm for change point detection. The approach
obviates the need for aggregating across either of the dimensions, produces a difficulty level by task
for each group and a learning rate across days for each monkey. We show that, as a group, the older
monkeys find the tasks harder, and that the cognitive exibility (defined as the ability to successfully
complete the task after reversal) of the younger group is higher. Further demonstrating the strength
of our method, we show how the monkeys can be clustered into the two groups based solely on a
cognitive exibility metric computed from our model.
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Behind an eye blink: A new empirical perspective on intentional
action
Derchi, C., Alice Mazza, A. Marchello, S. Casarotto, A. Comanducci, M. Fecchio, G. De Valle,
D. Trimarchi, M. Massimini
Department of Philosophy, University of Milan, Italy, Department of Biomedical and Clinical Sciences “Luigi Sacco”,
University of Milan, Italy, Fondazione Don Carlo Gnocchi, Milan, Italy

INTRODUCTION
Blinking is a rapid closing and opening of the eyelid. Blinks with identical kinematical features can have
different origins and meanings. In patients with severe brain injuries blinking is often the only motor
act that can be reliably detected. For this reason, a number of recent studies have tried to use eye
blink as a channel through which the patient can interact with the environment. The main aim of the
present study is to find a brain-based objective way to know whether a given blink is a meaningless
neural event or the endpoint of a complex conscious process. We build up mainly on Benjamin Libet
[1] empirical work who showed that the awareness of intention to move is preceded by a recordable
cerebral activity called “readiness potential” starting about 700 ms before the movement.
METHODS
We recorded brain activity in 6 healthy subjects (i) while they were spontaneously blinking and were
naïve to the study purpose and (ii) while they were required to perform voluntary brisk blinks at a
selfpaced rate.
We used a 64-channel EEG amplifier (BrainAmp DC, Brain Products, Germany). Sixty surface electrodes
were placed in a cap according to the International 10/20 System. All electrodes were referenced to
the linked earlobes. Two electrodes were placed above and below one eye to measure the
electrooculographic (EOG) activity. On the contralateral eye, two electrodes were positioned on the
inferior portion of the orbicularis oculi muscle to measure electromyographic (EMG) activity.
RESULTS
The kinematic parameters related to the EMG (onset time, duration and peak to peak amplitude) and
the EOG (onset time, maximal amplitude, time of maximal amplitude) did not significantly differ at the
group level between the two different conditions (spontaneous and voluntary).
Interestingly the EEG activity preceding the onset of the blink was significantly different between
spontaneous and voluntary conditions. Specifically, a substantial and consistent slow negative
potential (mean voltage -4 μV across all subjects) preceded the intentional (brisk) blink (starting about
600 ms before blink onset) in all subjects and was maximally represented over fronto-central
electrodes.
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Figure 1. Averaged EEG activity on Cz electrode during spontaneous (black) and voluntary (blue)
conditions (left) and topographical distribution of instantaneous scalp voltages at 300 ms before blink
onset (right).
DISCUSSION
Our results confirm that intentional blinks are preceded by a highly specific neural signature. What we
want to explore is whether this cerebral signature is present and can be measured in severely brain
injured patients with disorder of consciousness in whom behavioral assessment of intentionality is
challenging.
REFERENCES
[1] Libet, B., Gleason, C. A., Wright, E. W., & Pearl, D. K. (1983). Time of conscious intention to act in
relation to onset of cerebral activity (readiness-potential). Brain, 106, 623–642.
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Integrative experimental design for simultaneous
electrophysiology and two-photon calcium imaging in the rat
hippocampus, in vitro
Meszéna, Domokos, Ildikó Pál, Bálint Kerekes, Gergely Marton, Zoltán Somogyvári and
István Ulbert
Pázmány Péter Catholic University, Faculty of Information Technology and Bionics, Budapest, Hungary
Institute of Cognitive Neuroscience and Psychology, Research Centre for Natural Sciences, Hungarian Academy of Sciences,
Budapest, Hungary
WIGNER Research Centre for Physics, Department of Theory, Budapest, Hungary

In this study, we design an optimal experimental method for recording electrophysiological and twophoton calcium imaging data, focusing particularly on the patterns of transmembrane Current Source
Densities (CSD) on a single-cell level. It is known that the extracellular potential pattern can be easily
re-calculated from the CSD distribution (so called: forward problem), but the inverse problem, in
general, is not uniquely solvable. In other words, there are an infinite number of equally correct
membrane current solutions for any given extracellular potential pattern. This problem can be
overcome by introducing limiting constraints and model-based simplifications of the system. However,
a crucial parameter still remains unknown: the exact distance between the electrodes and the
recorded cell. The presented method allows for determining the electrode-cell distances based on the
image of the two-photon microscopy. Consequently, it can uniquely specify the solution space of the
CSD calculations. In the set-up, intracellular single-cell activity (Patch-Clamp technique) and population
activity (LFP) are recorded at the same time, on rat hippocampal slices. We have developed a new,
spiky shaped multi-channel laminar microelectrode for better accessibility. We integrate the
electrophysiological measurements with two-photon calcium microscopy for imaging the cellular
structure and the calcium dynamics. In addition, the Patch-Clamp method is capable of filling the
neuron with neurobiotin tracer dye, thus reconstructing the complete cell morphology, which
improves the CSD accuracy even further.
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Synapse dynamics in neuromorphic software
Mikaitis, Mantas

University of Manchester

Synaptic plasticity is a very sophisticated process that is occuring in the brain and driving learning. We,
as computer scientists thirsty for knowledge about the information processing in the brain, often ask,
can we implement computers that would replicate the biological workings of the brain? In this
presentation I will briefly summarise our look at synapse dynamics as it is implemented in
neuromorphic hardware and software and what simplifications we must make when mapping
biological theories to computer systems, from the perspective of SpiNNaker project.
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Multi-target prediction of motor impairment caused by
Parkinson’s disease using imaging scans
Mileski, Vanja, Dragi Kocev, Bogdan Draganski, Saso Dzeroski
Jožef Stefan Institute (JSI), Ljubljana, Slovenia
International Postgraduate School Jožef Stefan, Ljubljana, Slovenia
Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland

The Parkinson's disease progression is typically described with motor assessment scores of the motor
impact of the disease on the patients (MDS-UPDRS). The goal of this work is to search for groups of
subjects that exhibit similar behavior in terms of the multiple motor assessment scores. The identified
groups/clusters of subjects are then described using image features including Regions of Interest (ROIs)
from fMRI scans, as well as DaT scans. This can save time, money and effort from specialists and can
also provide an insight or even detect the biomarkers that indicate Parkinson's disease at an early stage
of the disease.
The three data sets used were acquired from the Parkinson's Progression Markers Initiative (PPMI)
database. We distinguish two variants of the merged dataset: baseline, where we consider only the
earliest scores and imaging data for each patient resulting in 374 examples, and complete dataset,
where we take all scores and imaging data for each patient resulting in 716 examples.
The task at hand is multi-target regression: the goal is to predict all of the scores for the motor
impairment assessments from the extracted ROIs (of the fMRIs) and the DaT scans features. To this
end, we use CLUS – a system for multi-target prediction based on the predictive clustering framework
where we use predictive clustering trees (PCTs) – a generalization of the decision trees towards
predicting structure outputs including multiple continuous target variables. Furthermore, we use two
tree-based ensemble methods: bagging and random forests.
The results from the predictive modelling methods applied on the two datasets reveal that the lowest
error (as estimated with 10-fold cross-validation) is achieved using random forests on the complete
dataset that uses all of the imaging data and scores with performances ranging from 0.603 to 0.883 as
opposed to 0.889 to 0.926 for the baseline (measured as normalized root mean squared error nRMSE). We also introduced a hierarchy in the output space and discovered that the introduction of
such a hierarchy slightly improves the predictive performance.
The results from the analysis are indicative that both the descriptive and predictive power of all of the
obtained models is good. The improved performance obtained on the complete dataset is mainly due
to the fact that by using the additional samples, we introduced more variability in the target space.
Namely, the baseline dataset contains measurements from subjects that are, more or less, at an earlier
stage of the disease, hence the motor assessment scores are lower. Moreover, since it is impossible to
investigate subjects that are the same stage of disease simultaneously, including information obtained
throughout various disease stages helps to construct a better predictive model.
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Study on gene dosage effects on human behaviour in a multicentre setting
Modenato, Claudia, Pain A., Martin-Brevet S., Maillard A., Rodriguez-Herreros B., Richetin S.
Simons Variation in Individuals Project (VIP) Consortium, Draganski B. and Jacquemont S.
Service of Medical Genetics, Centre Hospitalier Universitaire Vaudois and University of Lausanne, Switzerland;
LREN - Department of clinical neurosciences, Centre Hospitalier Universitaire Vaudois and University of Lausanne,
Switzerland;
Sébastien Jacquemont’s lab, Centre Hospitalier Universitaire Sainte Justine and University of Montréal, Canada;

There is mounting evidence that copy number variants (CNV) in various loci of human chromosomes
are associated with “mirror” phenotypes when comparing deletion and duplication carriers. This
makes them a perfect model to study the effects of gene dosage on brain and behaviour. Given the
rare occurrence of CNVs and the fact that the majority of study initiatives in the field are carried out
in the multi-centre setting, the question about reproducibility and generalizability of mono-centre
findings remains unanswered.
To tackle these questions, we study 1q21.1 deletion and duplication carriers showing a “mirror”
phenotype characterised by micro- or macrocephaly, autism spectrum disorders, schizophrenia and
congenital anomalies. Similar to other CNVs, 1q21.1 carriers demonstrate a continuous spectrum of
behavioural abnormalities ranging from developmental delay and intellectual disability to a normal
phenotype.
Here, we compare clinical and behavioural data from two cohorts of 1q21.1 CNV carriers and familial
controls. In both cohorts we confirm the presence of microcephaly in deletion carriers compared with
duplication carriers and controls. Similarly, there was a similar pattern of cognitive deficits in both
cohorts with lower IQ in 1q21.1 carriers compared to controls. In both cohorts, deletion and
duplication carriers have lower performance in the full scale IQ than controls and these results were
consistent for the verbal and non-verbal IQ. There was no significant interaction between the effects
of COHORT (Lausanne and Simons VIP) and GENE DOSAGE (deletion, duplication carriers and healthy
controls) on the measured behavioural characteristics.
Our findings provide strong evidence for the consistency of CNVs behavioural phenotype across
centres and favour research initiatives aiming at pooling multi-centre data for further analysis. Our
future work will focus on relating these characteristics to changes in brain structure and to clinical
phenotype.
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Comparison of Tau PET imaging tracers in Alzheimer’s disease
and transgenic mouse brain
Ni, Ruiqing, Bin Ji, Maiko Ono, Naruhiko Sahara, Ichio Aoki, Ming-Rong Zhang, Agneta
Nordberg, Tetsuya Suhara, Makoto Higuchi
Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, Stockholm, Sweden
Molecular Imaging Center, National Institute of Radiological Sciences, Chiba, Japan

Background: Tau Positron emission tomographic (PET) imaging enable in vivo detection of tau deposits,
a central pathology of Alzheimer's disease (AD) and tauopathy diseases. The aim of the study is to
compare the bind property of tau tracers [11C]PBB3 and T807 in AD postmortem brain tissue, and to
examine imaging-postmortem relation of tau PET tracer [11C]PBB3 in tau mouse models. Methods:
[11C]PBB3 PET and magnetic resonance imaging (MRI) was carried out in rTg4510 tau transgenic mice
(n = 5) and wild-type mice (n = 7) aged 7-10 months, followed by homogenate binding and fluorescence
analysis. The binding property of [11C]PBB3, T807 and BTA-1 were evaluated in the cortical brain
homogenates from AD and control cases, rTg4510 and PS19 tau transgenic mice.
Results: [11C]PBB3 showed high-affinity and low-background binding in homogenate from frontal and
temporal cortex of AD case, forebrain of rTg4510 and brain stem of PS 19 mouse, but not in control
brain. [11C]PBB3 binding in AD brain could be displaced by 40 % using T807, indicating multiple binding
components on AD tau pathology. Amyloid trace BTA-1 showed a 50-fold lower affinity to [11C]PBB3
in both regions, supporting PBB3 preference for tau over Amyloid. In vivo [11C]PBB3 binding (BPnd)
increased in the cortex, hippocampus and forebrain of rTg4510 mice compared to wild-type,
correlating with cortical and hippocampal atrophy and in vitro [11C]PBB3 binding in the forebrain
homogenate. The in vivo [11C]PBB3 binding in the cortex and hippocampus of rTg4510 mouse aligned
with in vitro fluorescent PBB3, FSB and AT8 signal for tau deposits on brain slides. Conclusions: These
results demonstrate favorable binding property of [11C]PBB3 to brain tau pathology in AD postmortem
brain and robust in vivo-postmortem correlation in tau transgenic mouse, supporting the potential of
PBB3 to detect neurotoxic tau substrate in brain quantitatively.
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Insulinomimetics as therapeutic intervention for Alzheimer-like
dementia: targeting gsk 3beta in MICE model
Olanrewaju, Afees John
University of Ilorin, Nigeria

AIM OF RESEARCH: The study is aimed at investigating the oral treatment of virgin coconut oil to
ameliorate molecular, behavioural and histopathological changes in the prefrontral cortex and
hippocampus of the mice model of Alzheimer’s disease-Diabetes Mellitus co-morbidity by suppressing
glycogen synthase kinase-3-beta (GSK-3β) activity.
BACKGROUND: Alzheimer's disease and type 2 diabetes mellitus occur with increasing frequency as
age advances. Besides, the development of one increases the risk of the other (Llorente and Urrutia,
2006). Insulin signaling abnormalities could be the underlying mechanism affecting the outcome of
Alzheimer's disease; Individuals with type 2 diabetes have an increased risk for developing Alzheimer’s
disease (AD), although the causal relationship remains poorly understood. Alterations in insulin
signaling (IS) are reported in the AD brain. Moreover, oligomers/fibrils of amyloid-β (Aβ) can lead to
neuronal insulin resistance and intranasal insulin is being explored as a potential therapy for AD.
Conversely, elevated insulin levels (ins) are found in AD patients and high insulin has been reported to
increase Aβ levels and tau phosphorylation, which could exacerbate AD pathology.
It is now known that GSK-3β (glycogen synthase kinase 3 beta) is a key factor in the pathogenesis of
certain chronic diseases including AD and DM (Llorens-Martin et al, 2014). Normally, insulin suppresses
GSK-3 activity via the insulin receptor (IR) /insulin receptor substrate (IRS)/PI3K/Akt pathway (Saltiel
and Kahn, 2001). Pertubation of this pathway (as occurs in type 2 DM) contributes to the
aetiopathogenesis and progression of hyperglycaemia in DM (ELdar-Finkerlman et al, 1999) and also
directly enhances Aβ generation and tau hyperphosphorylation in AD (Phiel et al, 2003; Llorens et al,
2014). Therefore, GSK-3 is a common mechanistic link between DM and AD and thus a putative target
for their treatment.
A novel class of insulin-mimetics has been characterized that elicits response on the downstream of
the insulin signaling by rapid activation of insulin receptor substrate-1, Akt, and glycogen synthase
kinase-3 independent of insulin receptor phosphorylation.
The study is aimed at investigating the hypothesis that the oral treatment of insulinomimetics (virgin
coconut oil) will ameliorate molecular and histopathological changes in the prefrontral cortex and
hippocampus of the wistar mice model of AD/DM co-morbidity by suppressing glycogen synthase
kinase-3-beta (GSK-3) activity.
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Structural covariance networks in the mouse brain
Pagani, Marco, Angelo Bifone, Alessandro Gozzi

Istituto Italiano di Tecnologia Center for Neuroscience and Cognitive Systems @UniTn,
Rovereto, Italy
Center for Mind and Brain Sciences, University of Trento,
Rovereto, Italy

The presence of networks of correlation between regional gray matter volume as measured across
subjects in a group of individuals has been consistently described in several human studies, an
approach termed structural covariance MRI (scMRI).
Complementary to prevalent brain mapping modalities like functional and diffusionweighted imaging,
the approach can provide precious insights into the mutual influence of trophic and plastic processes
in health and pathological states. To investigate whether analogous scMRI networks are present in
lower mammal species amenable to genetic and experimental manipulation such as the laboratory
mouse, we employed high resolution morphoanatomical MRI in a large cohort of geneticallyhomogeneous wild-type mice (C57Bl6/J) and mapped scMRI networks using a seed-based approach.
We show that the mouse brain exhibits robust homotopic scMRI networks in both primary and
associative cortices, a finding corroborated by independent component analyses of cortical volumes.
Subcortical structures also showed highly symmetric inter-hemispheric correlations, with evidence of
distributed antero-posterior networks in diencephalic regions of the thalamus and hypothalamus.
Hierarchical cluster analysis revealed six identifiable clusters of cortical and sub-cortical regions
corresponding to previously described neuroanatomical systems. Our work documents the presence
of homotopic cortical and subcortical scMRI networks in the mouse brain, thus supporting the use of
this species to investigate the elusive biological and neuroanatomical underpinnings of scMRI network
development and its derangement in neuropathological states. The identification of scMRI networks
in genetically homogeneous inbred mice is consistent with the emerging view of a key role of
environmental factors in shaping these correlational networks.
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Differential binding of non-canonical histone variant H2A.Z and
its de-acetylation is evident in enhanced cognitive function
M. Sadman, Sakib, Cemil Kerimoglu, Susanne Burkhardt, Anna-Lena Schütz, Stefan Irniger,
Vincenzo Capece, Andre Fischer
International Max-Planck Research School for Neurosciences, Göttingen, Germany
Research Group for Epigenetic Mechanisms in Dementia, German Center for Neurodegenerative Diseases (DZNE),
Göttingen, Germany
Research Group for Computational Systems Biology, German Center for Neurodegenerative Diseases (DZNE), Göttingen,
Germany

Activity dependent epigenetic modifications have been established as key molecular mechanisms in
learning and memory formation (L & M). Although histone modifications and DNA methylation have
been meticulously studied in the context of L & M, very few studies have demonstrated non-canonical
histone variants as potential regulators of memory formation. Compared to canonical histones, these
histone variants are expressed independently of DNA replication and are important for many
physiological events as they confer altered chromatin structures, thereby regulating transcription.
Recently, H2A.Z (variant of canonical histone, H2A) has been reported as a novel epigenetic regulator
in memory formation, which raised the question, whether differential binding of H2A.Z or its
modification (e.g acetylation) across the whole genome could be a stable modulator for lifelong
memory acquisition and cognition. Here, I investigated genomic regions bound by H2A.Z and its
acetylated variant (H2A.Zac) using chromatin immunoprecipitation followed by sequencing (ChIP-seq)
in FACS-sorted neuronal and non-neuronal nuclei from hippocampal CA1 region. Initially, mRNA levels
of different canonical and non-canonical histone variant genes were assessed in CA1 region of aged
(16 months old) and Alzheimer’s model mice (5XFAD) comparing them to young (3 months old) and
wild type mice respectively.
Furthermore, ChIP protocols for H2A.Z and H2A.Zac were optimized, as it has not been done before in
this context. As a model of enhanced cognition, hippocampal CA1 regions from mice subjected to 4
months enriched environment were used for ChIP-seq against H2A.Z and H2A.Zac, comparing to home
caged animals as controls. ChIP-seq analysis showed decreased binding of H2A.Z and its de-acetylation
at specific promoter regions in CA1 neurons upon environmental enrichment. Promoters with
decreased binding were found to be involved in genes functionally associated with neurogenesis,
synaptic plasticity and several biosynthetic pathways. This study demonstrates the optimization of
H2A.Z & H2A.Zac ChIP protocol and function of non-canonical H2A.Z & its acetylated form in
environmental enrichment, with further deciphering their potential role in cognitive ability.
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Estimation of oxygen consumption from optical measurements
in cortex
Sætra, Marte Julie

PhD Research Fellow University of Oslo

The oxygen consumption rate in cortex is an important parameter for understanding of how the brain
responds to changes in metabolism and oxygen delivery. Such changes are associated with clinical
conditions like stroke and Alzheimer’s disease. An estimate of the oxygen consumption rate is further
important for the interpretation of functional magnetic resonance imaging. Today’s practice varies and
relies on measurements of both blood flow and oxygenation. I present two alternative ways of
estimating oxygen consumption: the Krogh method and the Laplace method. They rely on the
measurements of one quantity only: the partial pressure of oxygen around arterioles.
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Density, size and shape of synapses in the neuropil of the
mouse hippocampus
Santuy, Andrea, Rodríguez, J.R., DeFelipe, J., Merchán-Pérez, A.

Laboratorio Cajal de Circuitos Corticales, Centro de Tecnología Biomédica, Universidad Politécnica de Madrid, Spain
Instituto Cajal, Consejo Superior de Investigaciones Científicas, Madrid, Spain
Departamento de Arquitectura y Tecnología de sistemas Informáticos, Universidad Politécnica de Madrid, Spain

In the hippocampus there are two main types of synapses that can be identified based on
morphological criteria — asymmetric and symmetric synapses. This distinction is important because,
in general, asymmetric synapses (AS) are excitatory (glutamatergic) and symmetric synapses (SS) are
inhibitory (GABAergic). The size and shape of synapses is related to their synaptic strength, and the
density of synapses may determine the structure of the neuronal network. Therefore, knowing the
density, size and shape of asymmetric and symmetric synapses is critical for understanding the design
of hippocampal circuits. For this purpose, we have used serial section electron microscopy with
combined focused ion beam milling and scanning electron microscopy (FIB/SEM). We have used three
male transgenic mice. We have obtained stacks of serial sections from the neuropil of three strata of
the mouse hippocampus: oriens, radiatum and lacunosum-moleculare. Using a specifically developed
software program (EspINA), we have segmented and three-dimensionally reconstructed more than
10000 synaptic junctions in these samples. We have analyzed the proportions of asymmetric and
symmetric synapses, finding that asymmetric synapses are 90-98 % of the total, depending on the
strata. Our preliminary results indicate that the highest density of synapses takes place on stratum
oriens, with 2.8 synapses/µm3, while the lowest density is found on stratum lacunosum-moleculare
(1.4 synapses/µm3). An interesting feature of stratum lacunosum-moleculare is the presence of AS
with fragmented postsynaptic densities (PSDs) (16% of AS). AS and SS with fragmented PSDs are also
present on other strata, but in a much smaller percentage. We further analyzed the size of synapses,
their curvature, perimeter and the presence of perforations, all of them related to the strength of
synaptic transmission. This study provides new quantitative data that may contribute to the knowledge
of the ultrastructure of the hippocampus and will help to define its connectivity patterns.
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Studying Attention and Problem Solving through the eye
movement: a practical application
Tullo, Maria Giulia

Cognitive Science and Decision Making, Università Degli Studi di Milano, Italy

The main aim of my master’s thesis in Cognitive Psychology is to analyse Attention, Critic Thinking and
Problem Solving through eye movements.
In bibliography there are lot of studies about the link between attention and eye movements, less for
problem solving. Our eyes are one of the ways we have for understanding and communicating with
the external world. Eyes have a direct connection with brain and they can be a proof of some of our
cognitive processes.
I’d like to examine in depth the neurological rout from eyes to Lateral Geniculate Nucleus (LGN) to
primary visual cortex, searching some correlations with Critic Thinking, using an eye tracker.
This theoretical work will be applied to Visual Thinking Strategies methodology, studying if there are
any differences between VTS observation and a simple one.
1. Introduction
We have lot of information about eye movements, on the importance of fixation (for example when
we read our eyes stay fixed for 200-250 ms) and how our brain captures data when we have fixation,
not saccades (rapid eye movements). Psychologists and doctors have studied eye movements in
different fields like reading, spatial observation (Pascual, 2015) and art ( Alfred L. Yarbus’s pioneering
works).
What about Problem Solving? Is the ability to identify and solve problems applying appropriate skills.
It is a process in which you generate some hypotheses, you test some prediction, and you arrive at
satisfactory solutions. It involves three basic functions: Seeking information, generating new
knowledge
and
making
decisions.
(https://www.teachervision.com/problemsolving/teachingmethods/48451.html).
Visual Thinking Strategies is a USA methodology for visual art, not for learning art but for empowering
some skills like critic thinking, problem solving and cooperative learning.
At the beginning of ’70 Abigail Housen, a cognitive psychologist, wanted to know if cognitive skills were
evolved looking at work of art. Why are there some people who feel embarrassment in front of
paintings and others feel motivated? A. Housen began to interview people using her Aestetic
Development Interview (ADI) asking “What do you see in this painting?”, the result was an observers’
classification: Accountive, Constructive, Classifying, Interpretive and Re-Creative.
After this research A. Housen has created a new method with Philip Yenawine: Visual Thinking
Strategies. The VTS method uses 3 questions:
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-

What’s going on in this picture?
Responding to the first question students are invited to describe the image carefully, mining
for deeper meaning.

-

What do you see that makes you say that?
This question forces students to give evidence of their point of view.
What more can we find?
Encourages students to keep on searching.

-

2. Methods
2.1 Participants
Participants will be recruited by fourth or fifth year of high school, aged from 17 to 19, male and
female. My supervisor and I are determining how much wide has to be our sample. We decided to
recruit high school students for these reasons:

-

primary school students have cognitive processes not complete.
It’s rather simple to find students.
One of the VTS purpose is to have a confrontation with schools.

2.2 Apparatus and Stimuli
The aim is to find differences (if there are) between the VTS’ scan path and natural observation’s scan
path and if gazes in applications are linked with dialogues recorded.
We’ll divide participants into two groups: experimental and control. Each group will be divided into
groups of 5 people. Every group will look at a work of art. The experimental group will apply VTS
method, the control will describe the painting.
The work of art will be one of these paintings:

-

J. Baptiste Cruze, The marriage contract , 1761, Musée Du Louvre, Paris.
William Hogart, The Marriage Contract, 1743, National Gallery, London.
Winslow Homer, Right and Left , 1909, National Gallery of Art, Washington
Hopper, Hotel Lobby , 1943, Indianapolis Art Museum, Indianapolis.

because they could be appropriate for a VTS application.
2.2.1 Eye tracker equipment
For tracing students’ gaze we’ll use an Eye Tribe Tracker Pro (https://theeyetribe.com/products/) and
we’ll analyse data using Unity software.
Eye Tracker has ever cheaper prices. For this reason, it is more frequently used in research. Its utilities
are:
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-

Scan path: retrace the route taken by the gaze.
Fixation: analyse how long the gaze is focused on a part of the image.

In addition to recording the eye movements, we would like to record the dialogues: we could analyse
how many adjectives, long words are used.
A challenge will be to compare eye movements with the dialogues, analyzing whether there is an
insight and if and how it is related to eye movement, with the attention and problem solving.
The research can not be carried out on the field, in the museum, because of the difficulties
encountered by other researchers (Fantoni, 2013). For this reason, we will present the stimulus on the
screen of a computer in a university room.
Results
The research described has yet to be tested, for this reason we do not have results. We hope to start
the research work before the end of January and to have results by July.
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Action initiation and regulation in the lateral parietal cortex:
Implications for apathy
Tumati, Shankar, Martens, S., de Jong, B.M., Aleman, A.

NeuroImaging Center, University of Groningen, University Medical Center Groningen, the Netherlands
Department of Neurology, University of Groningen, University Medical Center Groningen, the Netherlands
Department of Psychology, University of Groningen, the Netherlands

A reduction in goal-directed behavior, or apathy, is an early prognostic marker of several neurological
and psychiatric disorders. It has been attributed to deficits in neural circuits connecting the prefrontal
cortex to the basal ganglia. A number of brain imaging studies have associated apathy symptoms in
various disorders with widespread changes in the brain. Such variety in regional cerebral involvement
is consistent with the suggestion of different subtypes of apathy. Notably, from a cognitive
neuroscience perspective, the lateral parietal cortex (LPC) is relevant for goal-directed behavior and
its dysfunction may therefore lead to apathy. We review studies that report associations between
parietal cortex dysfunction and apathy across disorders and investigate the putative cognitive
processes in the LPC that may underlie such reduction of active behavior. Neural processes in this
region provide an interface between basic features of sensorimotor transformation and core features
of volition and action initiation, thus, enabling the transformation of internal goals to external actions.
We suggest that impairments in these processes are the likely mechanisms underlying the association
of the lateral parietal lobe with apathy. Considering the evidence, we propose that impairments in the
lateral parietal cortex may lead to symptoms of apathy via two distinct neural mechanisms in the dorsal
and ventral parts of the LPC and hence, this region be included in neural models of apathy.
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A study on the distribution and size of multivesicular bodies in
the rodent somatosensory cortex
Turégano-López, Marta, Santuy, A., DeFelipe, J.,Merchán-Pérez, A.

Laboratorio Cajal de Circuitos Corticales, Centro de Tecnología Biomédica, Universidad
Politécnica de Madrid, Spain
Instituto Cajal, Consejo Superior de Investigaciones Científicas, Madrid, Spain
Departamento de Arquitectura y Tecnología de sistemas Informáticos, Universidad Politécnica de Madrid, Spain

Multivesicular bodies (MVBs) are spherical organelles surrounded by a single membrane containing
small vesicles in their lumen. They are involved in degradation of cell components as an intermediary
of the endosomal pathway. MVBs can fuse with the plasma membrane releasing exosomes, they store
and transport damaged cargo from mitochondria and they are also known to accumulate the protein
aggregates that are involved in Alzheimer’s disease and Parkinson disease.
We used three-dimensional electron microscopy with combined focused ion beam milling and
scanning electron microscopy (FIB/SEM) to reconstruct MVBs in the rat somatosensory cortex. We
obtained 29 stacks of serial sections from the neuropil of all cortical layers. Using specifically developed
software (Espina), we segmented and three-dimensionally reconstructed 2120 MVBs. We have
analyzed the density, volume, location within axons or dendrites, and the spatial distribution of MVBs.
We have also studied their relation with mitochondria.
The density of MVBs in layer I was lower than in any of the other cortical layers. No relationship was
found between the density of MVBs and the density of synapses in the different layers. The spatial
distribution of MVBs was random in 70 % of our samples and showed a tendency to cluster in the
remaining 30 %. We found that MVBs located in dendrites outnumber those located in axons
approximately 2:1. Dendritic MVBs are also twice as large as axonic MVBs. When studying the relation
with mitochondria, we found that 18% of MVBs were docked to these organelles, and they were
significantly larger than the undocked ones. Another interesting finding was that 7% of MVBs have
tubular extensions. This kind of MVBs are considered recycling MVBs, and our results indicate that
they are larger than those without tubular extensions.
The quantitative method that we have developed in the present work will help determine the possible
alterations of the endosomal pathway in pathological conditions.
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Modelling central pattern generators inspired from reservoir
computing
Urbain, Gabriel

UGent - Ghent, Belgium

The role of the Spinal Cord in the human motor control has been known for thousand years. Central
Pattern Generators (CPG) are named as one of the core components involved in this process. They
consists of a neural network units capable of producing output signals with periodic patterns, which
can be synchronized together and modulated by the CPG inputs. A multitude of researches have
studied its physical implementation in different animals, the dynamical properties and how it
interfaces with higher-level part of the brain, neuro-muscular cells and proprioceptive feedback. In the
human species, different models of CPGs with several levels of details have been produced to provide
explanations to complex and robust motor operations like locomotion or grasping. In the robotic
domain, locomotion has always been an active field of research. Among other motivations, it is
considered as a formidable asset for robots evolving on uneven terrains which are not accessible with
wheeled vehicles. Several theories also claim that physical interaction of a entity with its environment
like walking is a premise for high-level cognition. And from a computational point of view, the
important dynamical complexity of the bio-mechanical systems is pretended to enable a decrease in
computation power if correctly exploited by the control algorithms. This last assestion has lead to the
theory of Reservoir and Morphological Computing. Unlike traditional computational architectures that
are generally directed towards central control and exactness, this concept exploits the richness and
the non-linearity of the internal states of the dynamical structure as a computational ressource itself.
It has been successfully used to create artificial CPG driving locomotion in lamprey or salamander
robots. In our work-inprogress, we investigate a methodology to design such systems to control the
locomotion of a bio-mechanical mouse model. In addition of presenting scalable, robust and real-time
capabilities, it also helps to interface more biological CPG models with robots and quantify the effect
of different features like the proprioceptive feedback. This work is developed and validated through
simulation in the HBP neurorobotics platform.
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Spiking neural network partitioning and placement on the
SpiNNaker platform
Urgese, Gianvito, Francesco Barchi and Andrea Acquaviva

Politecnico di Torino Department of Control and Computer Engineering (DAUIN)

In the Neuromorphic Computing field, several parallel-customised platforms have been designed for
the simulation of biological plausible Spiking Neural Networks (SNNs). However, most of them are not
well established yet. Some tasks, such as the configuration rely indeed on naive algorithms that reduce
the platform usability and reliability.
SpiNNaker is one of the state-of-the-art massively parallel neuromorphic platform. It is designed as a
homogenous system able to simulate SNNs. While the hardware side has been developed from more
than ten years, more work has to be done to get more stability on the software side. In particular, only
a few weak algorithms are available for the configuration pipeline in charge to partition and place the
SNN populations for the SpiNNaker board.
The many-core SpiNNaker platform is an emerging computing resource able to achieve real-time SNNs
simulations. Neurons are mapped to parallel cores and spikes are sent in the form of packets over the
on-chip and off-chip network. However, due to the heterogeneity and complexity of neuron
populations activity, achieving an efficient exploitation of platforms resources is a challenge, often
impacting simulation reliability and limiting the biological network size.
In this activity, related to the European Flagship project Human Brain Project, we propose a SNN
Partitioning and Placement algorithm. This algorithm is able to analyse and cluster a graph describing
the interconnection of SNN populations in order to achieve an improvement in the communication
lines.
The advantages of the proposed SNN Partitioning and Placement applied to the SpiNNaker
neuromorphic platform has been evaluated in terms of traffic reduction and consequent simulation
reliability. The results demonstrate that it is possible to consistently reduce packet traffic and improve
simulation reliability by means of an effective neuron placement.
The SNN partitioning and placement algorithm has been implemented in a Python module called
GHOST and tested on a plausible SNN network implementing the Cortical Microcircuit.
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A spiking neural controller
Vandesompele, Alexander

UGent – Ghent, Belgium

Embodied computation exploits the internal dynamics of a physical body as a source of computations.
These computations can be exploited to design a flexible control system for the locomotion of the
body, that can adapt to a changing environment. In partial embodiment, an additional neural network
can be used to create a tunable central pattern generator (CPG) model that act as a flexible control
system. By using biologically more realistic spiking neurons, it is possible to implement this control
system on neuromorphic hardware and apply it to mobile robots.
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FMRI data analysis with activation weighted vectors technique
in functional neuroradiology
Vergani, Alberto Arturo
University of Insubria

BOLD signals recorded with fMRI machine could be elaborated with a technique named AWV
(Activation Weighted Vectors). It covers a series of index that represent three dimensional content of
Statistical Parametric Maps with one dimensional information, named AWI (Activation Weighted
Index). These indexes allow to graph synthetically the brain functional activation during experimental
tasks, showing rapidly and globally the amount of the activity level for each regions involved.
Furthermore, using a functional hybrid atlas, building with FSL software from existent different atlases,
permits to evince the role of 161 brain regions for each analysis. There are applications of this
technique in Neurosurgery (pre/post monitoring) and general Clinical Neuroradiology.
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Expanding a probabilistic framework to simulate artificiallyinduced neural plasticity by a bidirectional Brain-ComputerSpinal Cord Interface on healthy and injured corticospinal tract
Vrizzi, Stefano, Guillaume Lajoie, Adrienne Fairhall

School of Biomedical Sciences, Faculty of Biological Sciences, University of Leeds, UK
Dept. of Applied Mathematics, University of Washington, Seattle, WA, USA
Dept. of Physiology and Biophysics, University of Washington, Seattle, WA, USA
University of Washington Institute for Neuroengineering, Seattle, WA, USA

Brain-Computer-Interfaces (BCIs) are a family of devices that process recorded brain activity to
perform a desired output. Recent development of Bidirectional Brain-Computer Interface (BBCI),
neural implants that not only record single-neuron activity at precise spike-time resolution, but also
stimulates neuronal sites, open the door to direct interaction with the dynamics of neural circuits in
the brain and in the nervous system at large. Specifically, Bidirectional-Brain-Computer- Spinal Cord
Interfaces (BBCSIs) are implemented to record motor cortex (MC) activity and stimulate spinal cord
(SC) sites to promote rehabilitation following spinal cord injury (SCI). The neurochip stimulation aims
at triggering neural plasticity to restore disrupted pathways by exploiting Spike-Timing Dependent
Plasticity (STDP) rules. In a probabilistic model that we numerically simulate, MC and SC were
represented by excitatory and inhibitory neurons, which were recurrently connected according to set
connectivity probabilities schematising the corticospinal tract (CST). We investigated how spiketriggered stimulation protocols changed mean synaptic strength of existing excitatory synapses
through a simple multiplicative STDP rule. We run different simulations stimulating either a group of
neurons in MC or SC, or both, after set delays from the time of spiking of a recording neuron. Results
were qualitatively consistent with previous computational and experimental findings. As we
hypothesised, synapses strengthened between recording group and stimulated groups, as well as
between stimulated groups. We also explored SCI by testing a double-site stimulation protocol, finding
that mean synaptic strength may evolve in time depending on CST connectivity. These simulations
highlight the potential of a double-site stimulation protocol in eliciting plasticity along descending
pathways.

Student Abstract Collection
3rd HBP School – Future Neuroscience
28 Nov. – 4 Dec. 2016, Obergurgl, Austria

50

Phase analysis methods for single cell recordings during
hippocampal ripples
Wichert, Ines, Aarti Swaminathan, Nikolaus Maier, Dietmar Schmitz

Neurowissenschaftliches Forschungszentrum, Charité-Universitätsmedizin Berlin, Germany
Bernstein Center for Computational Neuroscience Berlin, Germany

Sharp Wave-Ripple complexes (SWR) are hippocampal oscillatory patterns thought to be involved in
episodic memory that have been described in various mammalian species during quiet wakefulness
and slow-wave sleep. The precise cellular mechanisms underlying the generation and propagation of
these patterns are so far unclear. The study I contribute to aims at a characterization of the
involvement of Mossy cells in the hilus by combining different single cell measurements with local field
potential (LFP) recordings of the adjacent pyramidal cell layer in an in vitro mouse model. My work is
on the development of data analysis methods to find out whether, and if so how the spiking behavior
of and the synaptic input to the Mossy cells are correlated to the ripple component of the LFP.
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Neurobiology of insight in schizophrenia
Xavier, Rose Mary, Allison Vorderstrasse, Richard Keefe, Wei Pan, Jennifer Dungan
Duke University School of Nursing
Duke Center for Applied Genomics & Precision Medicine

Insight in schizophrenia is defined as awareness into illness, symptoms and need for treatment, and
has long been associated with cognition, other psychopathological symptoms and several adverse
clinical and functional outcomes. Emerging literature in insight in schizophrenia points to a clear
neurobiological basis. Research exploring the neurobiology of insight using neuroimaging has
identified structural and functional neural correlates for insight and its dimensions. Though these
findings are preliminary, literature provides evidence for different neural correlates for different
insight dimensions. Insight generally has been correlated with functional activations of the prefrontal
cortical regions (dorso-lateral and ventro-lateral prefrontal cortex), parietal lobe structures
(precuneus, inferior parietal lobule), insula and basal ganglia regions, but insight dimensions such as
illness awareness, symptom awareness and symptom attribution is seen primarily correlated with the
dorsolateral prefrontal cortex. On a cellular level, changes in oligodendrocytes at the inferior parietal
lobule has been associated with insight variations in schizophrenia. Needed are studies that examine
the precise biological mechanisms of insight to apply this knowledge to effective clinical intervention
development.
The biological pathway for any behavior/trait starts with genes encoding for molecules, which are
involved in cellular (neurons and other ‘supportive’ cells in this case) machinery and function. Clusters
of neurons and other ‘supportive’ cells (ex: oligodendrocytes) then become neuronal clusters which
then function together to form neuronal circuits which determine behavior, symptoms etc. A
(hypothetical) neurobiological pathway of insight hence starts with genes encoding for molecules
implicated in neuronal structure and function which then determines insight. Using this frame work,
we set to identify the neurobiological basis of insight variations in schizophrenia by (1) examining how
it is interrelated to other symptom domains in schizophrenia and (2) exploring the genetic basis of
insight along with the effect of other symptoms on this relationship by a secondary data analysis
approach. This project forms my dissertation work and results from this work will be presented.
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Explore brain connectivity with brain-wide fiber tracing
Xu, Zhengchao, Anan Li, Shangbin Chen, Hui Gong, Qingming Luo

Britton Chance Center for Biomedical Photonics, Wuhan National Laboratory for Optoelectronics-Huazhong University of
Science and Technology, Wuhan, China

The neural anatomical connectivity is essential to understanding brain functions and diseases. Precise
fiber tracing at high resolution which is fundamental for exploring anatomical connectivity has led
great challenges. Here, multistencils fast marching method is developed to reconstruct fiber tract
based on detected signal, and the traced fiber are integrated for visualization and analysis. Based on
fiber tracing result and signal density, we tried to get the projection pattern and establish brain
connectivity model.
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Atrophy pattern, its interaction with brain structural and
functional connectivity and gene expression pattern in
Parkinson’s disease
Zeighami, Yashar, Mahsa Dadar, Yasser ituriamedina, Bratislav Misic, Alain Dagher
Montreal Neurological institute, McGill University, Montreal, Quebec, Canada

Network propagation hypothesis of neurodegenerative diseases (e.g. Alzheimer's disease) proposes
that degeneration spreads through brain via intrinsic brain networks. Here we test this hypothesis in
Parkinson's disease (PD).
We used the following data from the Parkinson's Progression Markers Initiative (PPMI), a multicentre
study of de novo PD patients and healthy controls: T1 brain MRI at 3T, the Unified Parkinson’s Disease
Rating Scale motor score (UPDRS III) and striatal binding ratio (SBR), a measure of dopamine
innervation as well gene expression data publicly available from Allen Institute for Brain Sciences. Data
from 232 PD patients and 117 HC were available. Regional atrophy was calculated using deformation
based morphometry (DBM) and decomposed into spatially independent maps using independent
component analysis (ICA). The deformation values from each ICA component were compared between
PD and HC. In order to compare PD atrophy to intrinsic brain networks, ICA maps were compared to
seed based functional connectivity map with Substantia Nigra (SN) as seed. We also investigated the
relation between regional functional connectivity and structural deformation. Furthermore We
investigated the relationship between the atrophy pattern in PD and expression level of recognized PD
genes in the brain.
ICA estimated 30 independent components. PD patients had higher deformation values in only one of
the networks (p=0.003 Bonferroni correction). This PDICA component includes the entire basal ganglia,
amygdala, hippocampus, insula, anterior cingulate cortex, and premotor areas. There was a significant
correlation between DBM values in the PDICA component and both SBR (r=0.22, p<0.001) and UPDRS
III (r=0.26, p<0.0001). The resting state network identified with the SN Seed was spatially correlated
only to the PDICA network (r=0.3), out of the 30 ICA components. Regional functional connectivity was
significantly correlated with regional structural deformation (r = .41, p<.0001).
The set of regions demonstrating diseaserelated atrophy in PD correspond to an intrinsic network in
healthy brain. Moreover, the deformation in a given region was inversely proportional to functional
distance from the presumed disease epicenter in the SN. This supports the network propagation
hypothesis in PD.
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