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University of Strasbourg, France 
Dr. Philippe ISOPE 
Department of Neurotransmission & Neuroendocrine Secretion, Institute of Cellular and Integrative 
Neurosciences (INCI), UPR3212 CNRS, University of Strasbourg, Strasbourg, France 
http://inci.u-strasbg.fr/dept_b/en/equ_b16.html 
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2. DESCRIPTION OF THE COLLABORATIVE PROJECT 
 
One of the most striking features of the motor system is its ability to coordinate the action of 
many motor units in time and space in order to perform a wide array of complex movements. The 
cerebellum plays a major role in the control and learning of skilled movements and is at the heart 
of motor coordination. In all mammals, the cerebellar cortex is required for the precise timing of 
the components of motor programs, notably via a dialogue with the motor cortex and the basal 
ganglia.  

Clinical data in humans have revealed a topographical organization of the cerebellar cortex 
function. In localized lesions or dysfunctions of the cerebellum, coordinated movements are 
impaired in only one part of the body, for example an arm, leading to movement disorders such as 
ataxia or dystonia. Anatomical tracing and electrophysiological studies have progressively revealed 
a complex somatotopical organization of the cerebellar circuitry, formed by numerous parallel 
anatomo-functional modules specialized in the control of specific motor groups. Indeed, functional 
studies have demonstrated that task-related modules can be identified and selectively modified. 
We also recently demonstrated a high topographical selectivity in the functional projections from 
the cerebellar cortex to the cerebral cortex (Proville et al., 2014), in accordance with the general 
principle of closed cerebro-cerebellar loops. 

However, very little is known so far about: (1) the computations performed in a cerebellar module, 
although we recently described a closed-loop control of its output (Chaumont et al., 2013), (2) 
how/where the information from multiple individual modules is combined and (3) how this 
information is communicated to the basal ganglia and to other cortical areas in order to organize a 
coordinated movement. Recently, evidence accumulates that malfunctions of the interplay 
between the cerebellum and the basal ganglia or other cortical areas might be a critical instance 
underlying brain dysfunction. In other words, the mesoscopic level appears to be more important 
than previously considered (Schnitzler and Gross, 2005; Neychev et al., 2008; Calderon et al., 
2011). For example in a model of dystonia, removing the altered output of the cerebellum relieved 
the symptoms, but no histological lesion could be detected, indicating that the dysfunction was 
the result of altered network dynamics (Chen et al., 2014). 
 
Our project aims at increasing our understanding of the dynamics of individual cerebellar modules 
and their interactions in normal and pathological conditions. We will determine how outputs of 
cerebellar modules drive the activity of forebrain networks such as basal ganglia and prefrontal 
cortex. A strong effort will be dedicated to the development of computational models of network 
interactions that can mimic cerebellar subnetworks such as individual modules and their local 
interactions, and recapitulate distant interactions between the cerebellum and its target areas.   

In the experimental part, we will address:  

- How cerebellar modules interact in normal and pharmacologically induced dystonia/ataxia in 
anesthetized and awake behaving animals. Using multisite recordings of PCs we will compare the 
discharge patterns between local and distant modules. We will use electrical stimulation of PCs 
receptive fields on the skin of the animals to detect any alterations of PCs input signal integration.  
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- The impact of individual modules on cerebellar nuclei activity, the output stage of the 
cerebellum. We will perform multi-unit recordings in cerebellar nuclei, in the area targeted by 
pathological and/or normal modules. This activity will be compared to activity recorded in other 
areas of the cerebellar nuclei.  
- Cerebello-cortical interactions by recording simultaneously from cerebellar modules and cortical 
networks in the prefrontal cortex. We will take advantage of a new strain of mice carrying the 
Channelrhodopsin2 in Purkinje cells that we have developed in our team (Chaumont et al, 2013). 
Combining this new strain of mice with the pharmacological kainic acid injection will allow us to 
position our recording tools in both brain areas and selectively modulate individual modules. 
These recordings will be used to implement and constrain computational models that reflect the 
biophysical properties of neurons and networks of the systems in question. These models will help 
us to test and refine our theories on the function and dysfunction of the biological networks in the 
mouse brain. Therefore, this project will require a strong and deep collaboration between the two 
labs at every stage of the progressing work. 
Lead EU university takes research and training responsibility for advanced electrophysiological and 
optogenetic experiments and EU partner 1 takes research and training responsibility for advanced 
analyses and modeling of modular information processing and network interaction.  Both 
universities concertedly take the responsibility of scientific output including a doctoral thesis. 
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3. DESCRIPTION OF THE EXPECTED MOBILITY TRACK  

- Oct 1st to Oct 31st 2016: 1 mo: administration and workbench design 
- Nov. 1st 2016 to Dec. 30th 2016: 2 mo: Freiburg: courses computation and spike train statistics  
- Jan.1st 2017 to Dec. 30th 2017: 12 mo: Strasbourg: recording module dynamics in the cerebellar cortex 
- Jan. 1st 2018 to Mar. 31st 2018: 3 mo: Freiburg: analysis and model development  
- Apr. 1st to Nov. 30th 2018: 8 mo: Strasbourg: recording cerebellar output in the prefrontal cortex 
- Dec. 1st 2018 to Sep. 30th 2019: 10 mo: Freiburg: computational model of interaction between the 
cerebellum and the prefrontal cortex and redaction of the thesis manuscript 
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4. SPECIFIC REQUIREMENTS FOR THE CANDIDATE 
 
The project is open to students with a Master of Science degree (M.S. or equivalent) in 
Neuroscience, Physics or Mathematics.  
Biology students with an adequate background in mathematics and scientific programming are 
also encouraged to apply. Familiarity with electrophysiology in vitro and/or in vivo is welcome. A 
proficient level of familiarity with handling large datasets and programming is commendable, e.g. 
using Matlab or Python. Mastery of the English language is essential for lab communication and 
writing papers and a thesis. 
 


