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Addiction is a compulsive pattern of drug-seeking/drug-taking behavior that takes place at the expense 
of most other activities. It leads to a loss of control despite negative consequences and reoccurring 
episodes of abstinence and relapse. Millions of people are affected by addiction to alcohol, drugs, 
gambling or sex. The economic costs for our society is tremendous. Despite this socio-economical 
burden we critically lack effective treatment. To make progress in the treatment of this devastating 
pathology we urgently need an in-depth understanding of the cellular and molecular mechanism 
underlying addiction. The key to understand and treat addiction lies in understanding the brain reward 
system. 
As in the entire brain, neurons from the reward system use a combination of electrical and chemical 
signals to communicate with each other. These chemical messengers are called neurotransmitters. The 
neurotransmitters: dopamine, acetylcholine and glutamate are key players in addiction. Until recently, 
it was believed that neurons use only one neurotransmitter to signal. We made the surprising discovery 
that a small population of neurons from the reward system can use 2 transmitters (namely glutamate 
and acetylcholine) to communicate with other neurons, suggesting that they are functionally bilingual. 
Furthermore, we have recently shown that perturbation of these bilingual neurons dramatically 
increases vulnerability to addiction. The aim of our study is to extend these preliminary results in order 
to better understand the neuronal mechanisms underlying addiction. This study could lead to the 
establishment of alternative medications for the treatment of addiction. 



 

 
 

Targeting aberrant KAinate Receptors in Temporal Lobe Epilepsy 
(KARTLE) 

 
Project Coordinator: Dr. Christophe Mulle, Interdisicplinary Institute of Neuroscience, UMR CNRS 5297, 
University of Bordeaux, ANR, Bordeaux, France 
Project Partners:  
Valérie Crepel,  Institut de Neurobiologie de la Méditerranée, INMED, INSERM UMR901, Aix-Marseille Université, 
ANR, Marseille, France 
Dirk Grimm, Heidelberg University Hospital, Infectious Diseases / Virology, BMBF, Heidelberg,  Germany 
Bernard Pirotte, Centre Interdisciplinaire de Recherche sur le Médicament (CIRM), Université de Liège, 
Département des Sciences Pharmaceutiques, Laboratoire de chimie Pharmaceutique, FNRS, Liège, Belgium 
 

In humans, the predominant form of epilepsy - a chronic brain disease whose hallmarks are disturbed 
activity of nerve cells and recurrent seizures - is called temporal lobe epilepsy or TLE. Unfortunately, forty 
percent of all TLE patients do not respond well to the current generation of pharmaceutical drugs, thus 
creating an urgent need for novel therapeutic and clinically relevant approaches. Here, we aim to fill in 
this critical gap, by expanding on our data that a certain type of cell surface molecules (aberrant synaptic 
kainate receptors, KARs) markedly contribute to epileptiform activity in TLE patients within a specific 
region of the brain (dentate gyrus [DG], located in the hippocampus area). The central goal of our project 
is therefore to design and validate two parallel strategies to target aberrant synaptic KARs, in order to 
inhibit their activity and thereby alleviate the disease symptoms in TLE patients. In the first strategy, we 
will devise and characterize new pharmacological agents that selectively target and block aberrant 
synaptic KARs, and will then study their anti-epileptic activity in mouse models of TLE. In the second 
strategy, we will exploit a cellular mechanism of gene silencing called RNA interference (RNAi) to achieve 
the same goal, i.e., to remove aberrant syanptic KARs. To efficiently and specifically deliver the molecules 
inducing anti-KAR RNAi to DG cells, we will engineer gene transfer vehicles based on non-pathogenic 
Adeno-associated viruses (AAV). Identical to the first strategy, these new AAV/RNAi vectors will then also 
be tested for anti-KAR activity in mouse models of TLE. Finally, we will additionally validate the best 
candidates from both strategies in hippocampal tissues that were surgically extracted from TLE patients. 
As a whole, our project will extend pre-clinical studies in cells and animals to pathophysiologically most 
relevant human epileptic tissue, which should pave the way for future clinical translation of our innovative 
approaches. 
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Autism spectrum disorders (ASD) refers to a range of developmental disorders of the brain. Affected 
persons show repetitive stereotyped behaviors and are challenged in their social abilities, emotional 
states and in how they perceive things in the world. Drug treatments for ASD are currently very limited, 
and those available are poor at improving social abilities, so there is a need to identify new drugs that 
would help alleviate these symptoms. Therefore, a more complete understanding of the underlying 
mechanisms of ADS in the brain is indispensible. As for many neurodevelopmental disorders, there is 
evidence for a dysfunction of synapses, the communication points between neurons. Their activity can 
be controlled my modulatory receptors, among them the glutamate receptor type 4 (mGlu4) which 
could be an intervention point for several brain-related diseases. Indeed, we recently demonstrated 
that facilitating the activity of mGlu4 relieves autistic-like behavior in mouse models of ASD. The 
purpose of this research project is to further explore the therapeutic potential of mGlu4. We will focus 
on a brain region called the amygdala and its connections with other brain structures that together 
form a network regulating social, cognitive, emotional and sensory behavior. Our hypothesis is that 
mGlu4 controls the function of specific aspects of this network, which is dysfunctional in ASD but can 
be rescued when mGu4 is activated by drugs. We will test this hypothesis using two mouse models 
that show ASD-like deficits and working with an interdisciplinary team of researchers which are 
experts in animal behavior, synaptic communication and development of new classes of light-sensitive 
drugs that can switch mGlu4 receptors on and off by light. The latter is of particular importance as it 
allows for the precise investigation of the role of mGlu4 in space and time. Findings from our project 
will expand our knowledge about the molecular, synaptic and network mechanisms in the brain that 
underlie ASD and the beneficial effects of mGlu4 activation on autistic symptoms, and hopefully pave 
the way for the development of new classes of drugs that can provide more effectively treatment. 
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Major depressive disorder (MDD) is one of the most relevant public health challenges at the clinical, social 
and economic levels, costing over 120 billion euros in Europe alone. Alteration in the synapses, which are 
the structures responsible for communication among the principal brain cells, i.e. the neurons, has been 
hypothesized to underlie the onset of MDD. However, the mechanisms through which synaptic 
dysfunction contributes to this psychopathology are only scarcely known. Microglia, which are immune 
cells of the brain, play a key role in regulating synaptic function and neuronal activities in the healthy and 
diseased brain. We therefore hypothesize that microglia are critically involved in the brain changes 
underlying both the onset of and the remission from MDD. Consequently, treatments able to modulate 
microglial function hold the promise of providing novel and more effective therapeutic strategies to treat 
this psychopathology. The MicroSynDep consortium aims at exploring such hypothesis. To this goal, the 
consortium brings together a multidisciplinary partnership of European- and Canadian-leading experts, 
including clinicians and basic scientists, and will combine, in a translational perspective that is from 
preclinical work to clinical applications, studies on human brain and depressed patients with basic 
neurobiological research in animal models. We will employ a wide range of cutting-edge technologies to 
unravel the impairment of microglia-synapse interaction in MDD. Ultimately, the MicroSynDep project will 
lead to develop and implement in the clinics innovative treatment options for depression. 
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Each year about 15 million people suffer a stroke worldwide, a disorder typically caused by lack of 
blood supply to the brain. Many patients survive a stroke acutely, but are struck with life-long 
disabilities like paralysis, loss of speech, depression, loss of memory, and eventually dementia 
resembling Alzheimer’s disease. While many lives were saved in recent years due to improved 
emergency and hospital care for acute stroke, therapeutic options for the chronic consequences of 
stroke are still missing. The main reason for this unfortunate situation is that we still do not know how 
the brain reacts to a stroke in the long-term and how these changes are linked to long-term disabilities 
which usually affect patients for their entire remaining life. 
The current application brings together the best and most experienced European researchers 
specialized in synapses, the structures responsible for communication between neurons, and experts in 
experimental stroke research. This unique consortium of excellence aims to investigate how a stroke in 
one brain region may affect the function of the whole brain and how these remote and chronic changes 
after stroke may be manipulated in such a manner that neurological dysfunction may be reduced or 
even partially or fully restored. Hence, the ultimate aim of the current consortium is to determine the 
underlying causes of chronic stroke and to pave the way for the development of effective cures. In 
order to achieve this goal the current group of European scientists will use novel animal models of 
chronic stroke and investigate tissue from stroke patients with highly innovative imaging technologies 
such as super-resolution microscopy and high-resolution whole brain and single neuron 3D 
reconstruction. First we aim to characterize and understand the degeneration of synapses in brain 
areas far away from the injury induced by stroke in mice and man. Finally, we aim to use this 
knowledge to evaluate novel therapeutic concepts for the restoration of synaptic function thereby 
developing novel treatments for chronic stroke. 
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Schizophrenia is one of the most severe psychiatric disorders with onset of symptoms mainly during 
young adulthood, followed in many cases by a lifelong chronic evolution that generates tremendous 
medical care and social problems. The origins of schizophrenia are so far unclear and most drugs used in 
the therapy of the disorders have been developed serendipitously. A core symptom of schizophrenia is 
altered cognition, which cannot be improved by current medications. Interestingly, severe cognitive 
deficits, associated with sharp shrinkage of the hippocampus (a brain structure playing a key role in 
learning and memory), were found in patients with anti-NMDA receptor (NMDAR) encephalitis. This 
represents a recently discovered, mainly paraneoplastic form of autoimmune encephalitis, in which 
autoantibodies against glutamate NMDAR induce psychotic and often also motor symptoms (like severe 
catatonia) that are indistinguishable from those seen in schizophrenia. Whereas psychosis in these 
patients is largely curable, the lost long-lasting cognitive deficits cannot be efficiently treated. In the 
present project, we aim to determine the possible beneficial effect of drugs enhancing NMDAR function 
to alleviate symptoms associated with NMDAR hypofunction both in genetically modified mice as well as 
in humans suffering from schizophrenia. Our approach is highly interdisciplinary including several 
morphological, electrophysiological, behavioral, as well as clinical and complex data analysis methods. By 
including two different cohorts of individuals with prodromal versus chronic, therapy-resistant 
schizophrenia, we aim to provide a differentiated view regarding the effect of NMDAR enhancers in 
specific phases of the disease. Additionally, we aim to determine if the therapeutic response is 
influenced by genetic factors in these patients. Our project aims to bring together pre-clinical and clinical 
research: since pathological changes at molecular and cellular level cannot be studied in humans, we will 
analyze two genetically modified mouse lines with alterations in NMDAR in selective neuronal 
populations, and will extensively compare these data with those resulting from the analysis of humans 
suffering from schizophrenia or humans at high risk of developing the disease. The final goal of our study 
is to better understand the mechanisms by which NMDAR dysfunction induces the numerous, partly 
difficult to treat abnormalities seen in schizophrenia and anti-NMDAR encephalitis and to contribute to 
the development of more selective and efficient antipsychotic drugs. 
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Staying awake for a night improves the mood for a lot of patients with depression very quickly. 
Unfortunately this beneficial effect often only lasts until the next sleep period. There are only a few 
other options in depression that show such a fast anti-depressive action. If the main players in this 
mechanism could be clarified, it is likely that this information could be used for novel treatments 
options or optimizations. A recent model of depression proposes that the connection between neurons 
(synapse) is strengthened during sleep deprivation which restores a deficit in the depressive brain. 
A novel brain imaging technique (Positron Emission Tomography (PET) imaging of the synaptic vesicle 
protein 2A (SV2A)) allows to monitor the amount of synapses in the living brain of humans and animals 
which suffer from depression. 
A major problem in investigating animals inside a scanner is that they usually have to be immobilized, 
which is usually done by anesthesia. Since both anesthesia and sleep are subject to hamper with the 
parameter of interest, a stress free PET imaging method for awake animals will be developed. 
We are convinced that synaptic density determined with PET has the power to become an indicator for 
the success of therapeutic sleep deprivation and thus providing means for future stratifications of 
different therapies in major depression. Identifying and understanding the mechanisms that mediate 
the effects of sleep restriction is necessary to develop effective interventions. This project will test a 
model that can be used to improve schedule design. 
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Epilepsy is a severe and disabling disease affecting about 1% of the world’s population. Despite years of 
intense research about 30% of all epilepsies cannot be treated by available drugs. This poses a substantial 
economic burden for the EU health systems and individuals and their families. To develop new and better 
treatment options, a detailed knowledge of the mechanisms leading to epilepsy is urgently required. In 
this proposal, we will focus on a group of difficult-to-treat, severe epilepsies that is caused by gene 
mutations which mediate the communication between nerve cells (the so-called synaptic transmission). 
This communication is essential for a regular function of the brain, and mutations disturb the fine balance 
between nerve excitation and inhibition which can lead to epileptic seizures. Our consortium unites 
experts in the genetics of epilepsy and neurobiologists working on synaptic transmission to identify the 
exact mechanisms leading to epilepsy using several sophisticated mouse and zebrafish models, as well as 
human cell models which are derived from skin biopsies that will be transformed into human neurons in 
culture. Based on the identified epileptic mechanisms, we will select some of the models for drug 
screening in neuronal cells and zebrafish to search for novel medications to better and more specifically 
treat the severely affected epilepsy patients. 
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Schizophrenia is a severely debilitating mental illness characterized by hallucination, delusions, cognitive 
disabilities and reduced functioning. It represents one of the major challenges for society, with large 
unmet patient needs and substantial health care costs to the European community. Over the past decade, 
it has become clear that schizophrenia is a disorder where different regions in the brain fail to 
communicate appropriately. In parallel, recent gene discoveries have pointed to dysfunctional 
communication of brain cells: the neurons. Together, these insights suggest that the connections between 
neurons in the brain - the synapses - are malfunctioning. However, the precise synaptic mechanisms 
leading to schizophrenia remain elusive. The SYNSCHIZ project forms a collaboration of experts from 
Norway, Germany, Switzerland, Finland, Romania and the Netherlands to study synaptic dysfunction at 
various levels from genes to neuron cells to brain networks using state of the art methodology. This 
includes gene discoveries in large international samples, creating computer models of synapses, 
experimental validation of the models in neurons, and imaging of brain networks to test synapse function 
in humans. By investigating disease patterns related to synapse dysfunction at all levels from genes to 
brain networks we will elucidate the specific mechanisms in schizophrenia. Further, revealing these 
mechanisms can also lead to biomarkers – which can be used to predict the illness at an early stage, 
before the outbreak of severe symptoms. This will allow clinicians to reduce the duration of untreated 
illness and provide early support. SYNSCHIZ researchers are all experts in different fields. Together we can 
join the different pieces of the schizophrenia puzzle and target the ambitious aims. Therefore, SYNSCHIZ 
will increase our understanding of the synaptic mechanisms behind schizophrenia and will stimulate new 
developments for treatment and potential prevention of mental illness. SYNSCHIZ is perfectly situated to 
transfer scientific discoveries into clinical applications. 
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Post-traumatic stress disorder (PTSD) is a psychiatric disorder of significant prevalence and morbidity, 
whose pathogenesis relies on paradoxical changes of emotional memory processing. In PTSD, life 
threatening experience leave a lasting trace of fear memory, which can last a lifetime. It is estimated 
that roughly 50% of the people world-wide will encounter a trauma-causing experience once in their 
lifetime. This generate a huge burden on the European Union citizens and calls for attention to tackle 
PTSD. There is no suitable treatment that is currently available to treat the cognitive features of PTSD, 
and/or to prevent its development. The present project aims at investigating the neurobiological 
underpinnings (at a synaptic level) of acute and chronic response to a traumatic experience both in 
animal and human subjects, who will (susceptible) or will not (resilient) develop the chronic 
pathological phenotype. Understanding the neurobiological basis of PTSD can be of great help in the 
identification of innovative therapeutic strategies. This can be done through genetic, biomarker, 
imaging and psychological screening. By generating drugs that activate these molecular mediators of 
plasticity, it may be possible to enhance extinction of inappropriate fear associations. 
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Synapses allow communication between neurons and are also the site for storing sensorial information. It 
is for this reason that synapses are very important in learning and memory. Recent biomedical research 
has shown that synaptic dysfunction is at the centre of many brain disorders, especially in conditions 
where cognitive abilities are impaired, such as intellectual disability (ID) or autism spectrum disorders. The 
human SYNGAP1 gene encodes a protein that is highly enriched at brain synapses. Recent genetic studies 
have shown that mutations in SYNGAP1 cause ID. Actually, SYNGAP1 mutations could account for up to 
1% of all ID cases, affecting thousands of people worldwide. Basic research studies using mice deficient for 
SYNGAP1 have shown that, indeed, a synaptic dysfunction is importantly contributing to ID. Nevertheless, 
there is still no efficient treatment for kids with this disorder. It is thus necessary that we understand in 
great level of detail the alterations occurring at the synapse if we want to develop SYNGAP1 deficiency 
treatments. Using mouse models we have studied proteomic alterations found at the synapse of SYNGAP1 
deficient animals. This research has allowed us to propose four candidate drugs that we think might 
correct synaptic alterations, potentially improving this condition. Now we want to actively investigate the 
effect of these drugs in SYNGAP1 deficiency. As nowadays we have the capacity to develop neurons from 
human skin or blood cells, we will, for the first time, directly study human neurons obtained from 
SYNGAP1 patients. These human neurons will also be used to investigate the validity of mouse findings in 
a human research system. The ultimate goal of TREAT-SNGAP is to identify new strategies to treat ID 
caused by SYNGAP1. 
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