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During my thesis, I focused on the pathophysiology of temporal lobe epilepsies (TLE). 

Specifically, my research centered around the potassium/chloride cotransporter 

KCC2, whose dysregulation in various forms of epilepsy contributes to the  

emergence of pathological activities that lead to seizures. I contributed to three 

studies exploring the expression, function, and regulation of KCC2. 

 

I revealed similar mechanisms of chloride ion homeostasis regulation in principal 

neurons and interneurons of the hippocampus. Additionally, I identified new protein 

partners of KCC2 and unexpectedly demonstrated that its interaction with gephyrin 

regulates its membrane expression and function.  

 

The core of my thesis focused on exploring the therapeutic potential of two 

controversial KCC2 potentiators in TLE. Through a combination of in vitro 

electrophysiology, single-particle tracking, cell biology, and biochemistry techniques, 

I uncovered their efficacy and mechanism of action. Subsequently, I conducted 

recordings of postoperative human epileptic tissues and electrocorticography (ECoG) 

recordings in a murine model of TLE to demonstrate the therapeutic benefit of  

these compounds. These findings resulted in a patent application and a manuscript, 

of which I am the first author.  

 

The functional exploration of postoperative human tissues also allowed me, in 

collaboration with teams from the Brain Institute, to identify the cellular 

determinants of other pharmacoresistant forms of epilepsy. This could potentially 

lead to the identification of new therapeutic targets for these epilepsies.  

 

Conducting this research has enhanced my organizational skills and proficiency in 

numerous techniques. I have also contributed to the team dynamic by mentoring 

nine students. Alongside my doctoral studies, I have been involved in a teaching 

mission at Sorbonne University.  

 



For my postdoctoral position that started in March 2023, I joined the laboratory of 

Dr. Ivan Soltesz at Stanford University, one of the world leaders in the 

pathophysiology of epilepsy.  

 

I am the recipient of the thesis prize from the French Neuroscience Society and the 

Tianqiao & Chrissy Chen Institute, which aims to congratulate and support young 

researchers who have performed excellent doctoral work in France. This PhD award 

represents a significant asset for my future career and I would like to thank the 

French Neuroscience Society and the Tianqiao & Chrissy Chen Institute for their 

support and opportunity to attend NeuroFrance 2023 meeting. I also acknowledge 

the support from my previous mentor, Dr. Poncer, to apply for this award, and 

support from my current mentor, Pr. Soltesz, to attend NeuroFrance 2023 meeting. 

 

On May 24th-May 26th, the 

biennial French neuroscience 

conference was held in  

the ancient capital of Roman 

Gaul, Lyon. After the COVID-19 

pandemic and 2021’s virtual 

event, this was the first and 

long-awaited on-site meeting  

organized by the French 

Neuroscience Society. Many 

enthusiastic scientists from  

all over France, as well as 

international researchers, 

gathered to share their  

discoveries, discover new ideas, 

compare viewpoints and 

network with others.  

NeuroFrance 2023 scientific 

program consisted of 

exceptional plenary lectures,  

poster sessions and 42 

symposia. Special sessions were 

also organized by the young 

researchers' office. These sessions were an opportunity for young researchers to get 

a glimpse of what a career outside academia looks like, to share experiences and 

ideas to promote sustainability in scientific research, and to discuss diversity and 

equity in academia. Finally, satellite workshops and a commercial exhibition enabled 

participants to continue their discussions and discover new technical advances in a 

convivial atmosphere.  

 

Overall, NeuroFrance 2023 was the perfect place for presenters to share cutting- 



edge achievements and new concepts in neuroscience, making it a truly meaningful 

and memorable meeting for all attendees. 

 

1. What makes us human? 

 

One of the most interesting and remarkable plenary lectures was given by Dr. Franck 

Polleux, professor of neuroscience at Columbia University. It was a symbolic 

moment for Dr. Polleux to give this lecture, as he did his undergraduate and 

graduate studies and obtained his PhD at Claude Bernard University in Lyon. 

Throughout his career, Dr. Polleuxhas focused on identifying the molecular 

mechanisms underlying neuronal development in the mammalian brain. More 

recently, his laboratory has also started to study the genetic basis of human brain 

evolution.  

 

Dr. Polleux has received 

numerous awards for his 

scientific achievements, 

including the 2000 Albert 

Lehninger Research Award 

from Johns Hopkins 

University, the 2005 Pew 

Scholar Award in 

Biomedical Sciences, the 

2005 NARSAD Young 

Investigator Award and, 

more recently, the 2015 

Roger De Spoelberch Prize 

for mid-career European 

neuroscientists.  

 

Dr. Polleux introduced his talk at NeuroFrance 2023 with the complex question 

“What makes us human?”. One of the hallmarks of the human species is its cognitive 

abilities, which are thought to emerge from unique features of cortical circuit 

organization in the human brain, including increased cortico–cortical connectivity. 

However, the evolutionary origins of these changes in connectivity and how they  

affected cortical circuit function and behavior remain unknown.  

 

One way of investigating this is to identify human-specific genetic modifiers that can 

induce human-specific traits of brain development. In recent years, a growing 

number of these genetic modifiers have been identified, such as SRGAP2C. 

 

Dr. Franck Polleux (photo by John Abbott). 



This gene is a human-specific 

duplication of the ancestral 

SRGAP2A gene, which codes for 

a postsynaptic protein that 

regulates the maturation and 

density of excitatory and 

inhibitory synapses in cortical 

pyramidal neurons (PNs). 

SRGAP2C is an interesting 

candidate because it appeared 

in the ancestral genome of the 

Homo lineage before the 

increase in brain size. In 

addition, previous work from 

Dr. Polleux’s lab has revealed that SRGAP2C expression in mice leads to an increase 

in the density of excitatory and inhibitory synapses received by layer 2/3 PNs, and 

delays certain features of synaptic development. These changes in synaptic 

development were similar to the partial loss of function of SRGAP2A and 

interestingly mimic the synaptic characteristics of human cortical PNs. 

 

During his lecture, Dr. Polleux focused mainly on their groundbreaking work 

published in Nature last year (DOI: 10.1038/s41586-021-04039-4). Much of this work 

was carried out by Dr. Ewoud Schmidt, a former postdoctoral fellow in Dr. Polleux’s 

lab, now an assistant professor at the Medical University of South Carolina. In this 

study, the authors further investigated how humanization of SRGAP2C expression 

alters cortical circuit connectivity and function, as well as behavioral performance. 

To do so, they used a novel humanized mouse model expressing SRGAP2C in all 

cortical glutamatergic neurons, as well as various techniques such as quantitative 

monosynaptic rabies virus tracing, in vivo two-photon Ca2+ imaging, computational 

modeling approaches and a novel behavioral paradigm.  

 

They showed that SRGAP2C expression in mice cortical PNs modified cortical circuit 

connectivity by increasing the number of local and long-range cortical inputs 

received by layer 2/3 PNs. Furthermore, it increased the probability of sensory- 

evoked responses by layer 2/3 PNs and improved sensory learning in a cortex-

dependent texture-discrimination task. Finally, their computational modeling 

revealed that the increased connectivity between layer 4 to layer 2/3 induced by  

SRGAP2C expression explained some of the key changes in sensory coding 

properties. 

 

 

 

 

 

Dr. Polleux giving his lecture at NeuroFrance 2023. 



These results represent a major 

breakthrough in the field, as they 

suggest that the emergence of 

SRGAP2C in our ancestors contributed 

to the genesis of specific structural and 

functional features of cortical circuits 

in the human cortex. This is 

undoubtedly the identification of one 

of the substrates of human brain 

evolution!  

 

I am sure that almost all the attendees 

were as impressed as I was by this 

incredible work, and are already looking forward to the next discovery from Dr. 

Polleux’s lab. 

 

2. A new pathway regulating adaptive defensive behaviors to threat. 

 

Another very interesting talk was from Dr. Jacques Barik, who co-directs with Dr. 

Hélène Marie the team “Physiopathology of Neuronal Circuits and Behavior”, at the 

Institute of Molecular and Cellular Pharmacology, in the Côte d'Azur University. In 

their lab, they mainly focus on Alzheimer’s disease and mental disorders.  

 

In 2019, Dr. Barik was awarded the bronze medal of 

the Centre national de la recherche scientifique 

(CNRS) for his outstanding work showing that 

profound changes in the activity of dopaminergic 

neurons, induced by repeated exposure to social 

stress, lead to the onset of depressive-type 

behavioral disorders. His work has also 

demonstrated that, contrary to popular belief, 

nicotine potentiates the effects of stress and 

constitutes an aggravating risk factor.  

 

Speaking of stress, this raises questions you may 

have asked yourself in the face of  

stressful events: why are we stressed? and is this 

stress necessary? Yes, in a way! Stress is an 

essential driver of adaptation, because the 

responses it elicits promote survival. When a living 

organism is confronted with a stressful environmental stimulus, such as a threat, it 

activates specific brain circuits to select the most adaptive response from a varied 

repertoire of defensive behaviors. 

 

Dr. Polleux summarizing their main findings. 

Dr. Jacques Barik (photo by John 

Pusceddu) 



These defensive behaviors range from passive strategies such as freezing,  

characterized by a total absence of movement, to active fight-or-flight responses.  

Freezing is particularly important in the process of adapting to stress, as it 

corresponds to a state of hypervigilance, enabling decision-making and, 

consequently, the development of the most appropriate behavioral strategy. The 

amygdala, periaqueductal gray (PAG) and hypothalamus are known to be key players 

in the control of fear responses, including freezing. However, the role that other 

modulatory sites might play on these regions remains unknown. 

 

Dr. Barik’s talk at the symposium “Coping or not with stress: from adaptation to 

disease” highlighted the recent and impressive work published in Molecular 

Psychiatry (DOI: 10.1038/s41380-022-01765-7) and carried out mainly by two  

former PhD students from his lab, Dr. Loïc Broussot and Dr. Thomas Contesse. In 

their study, they hypothesized that the laterodorsal tegmental nucleus (LDTg), which 

has recently been suggested as a brain structure transmitting stress-related  

information, could be a modulatory site contributing to defensive behavior such as 

freezing responses.  

 

To test this, they combined in vivo and ex vivo electrophysiological recordings and 

behavioral analyses to assess electric shock-induced freezing. In addition, they used 

pharmacogenetic and optogenetic approaches in virally tagged brain circuits to 

establish a causal link between LDTg and freezing responses.  

 

They showed in mice that electric shock-induced freezing specifically activated LDTg 

GABAergic neurons projecting to the ventral tegmental area (VTA). Furthermore, 

they demonstrated that selective chemogenetic silencing of this inhibitory  

projection, but not other LDTg neuronal subtypes, attenuated freezing responses but 

did not prevent the formation of conditioned fear memories (Figure 1). 

 

 

Figure 1. LDTg GABAergic neurons control freezing (figure from the published paper). 

 



Consistent with this, optogenetic activation of LDTg GABA terminals in the VTA 

resulted in freezing responses and induced bradycardia, a common feature of 

freezing. Interestingly, this aversive information transmitted from the VTA to the 

amygdala seems to involve a discrete GABAergic pathway.  

 

This work is particularly important as it has highlighted a specific mechanism 

linking the LDTg-VTA-amygdala regions, which plays an important role in adaptive 

defensive behaviors to threat. This study is also of therapeutic and translational 

interest for pathological freezing states such as post-traumatic stress, panic attacks 

and social phobias. 

 

3. How differentiating cells transition between multiple states? 

 

Coming from England, another speaker 

impressed the audience with the quality of his 

presentation and work. Dr. Raman Das is an 

MRC Career Development Fellow at the 

University of Manchester. His lab focuses 

primarily on understanding the cell biology of 

neuronal differentiation during development, 

using the embryonic spinal cord as a model 

system and employing state-of-the-art live 

tissue imaging techniques.  

 

Before presenting his results Dr. Das shortly 

introduced neuronal differentiation. The early 

embryonic neuroepithelium consists of 

elongated neural progenitor cells that form 

membrane contacts with neighboring cells at 

their apical and basal poles (Figure 2). These 

cells possess a microtubule-based primary 

cilium, which extends from the apical 

membrane, forming a specialized compartment necessary for the transduction of 

canonical Shh signaling. In this context, canonical Shh signaling maintains 

neuroepithelial cells as cycling progenitors. When these cells begin neuronal 

differentiation, they localize their cell bodies toward their basal poles  

and delaminate from the neuroepithelium. 

 

Dr. Raman Das (photo from the University of 

Manchester website) 



This process involves 1) the loss of apical 

polarity and primary cilium disassembly  

through the regulated process of apical 

abscission and 2) the retractation of the apical 

process. This step correlates with cell cycle exit 

through cessation of canonical Shh signaling. 

Subsequently, newborn neurons switch to non-

canonical Shh signaling, which ensures axon 

navigation, an essential process for the 

formation of functional neuronal circuits. 

Although this change in cell signal 

interpretation is well known, the cellular 

mechanisms driving it remain unknown.  

 

During his talk Dr. Das presented the work he 

conducted with Dr. Gabriela Toro- Tapia, 

which was published in 2020 in Science 

Advances (DOI: 10.1126/sciadv.abb0601). In this work, Dr. Toro-Tapia and Dr. Das 

hypothesized that primary cilia, which plays an important role in the integration and 

transduction of extracellular signals in many neuronal subtypes, should be a central 

component of the cellular mechanism leading to the switch in cell signal 

interpretation.  

 

To test this hypothesis, they used high-resolution live-cell imaging in chick neural  

tube. Using this approach, they found that disassembly of the primary cilium through  

apical abscission resulted in an acute shutdown of canonical Shh signaling (Figure 3). 

 

This was followed by rapid remodeling of the 

primary cilium to construct a new signaling 

center with a molecular configuration distinct 

from the original primary cilium. This new 

configuration facilitated the transition to non-

canonical Shh signalling, which drove the axon 

extension process. Cilium remodeling thus 

offers differentiating neurons the possibility of 

configuring a new signaling center to facilitate a 

qualitatively different response to the common 

signaling environment.  

 

I found this work astonishing because it 

reveals a previously unidentified mechanism 

for switching from canonical to non-canonical 

Shh signaling. In addition, we now have a 

Figure 2. Representation of differentiating 

neurons at different stages of apical process 

retraction and early stages of axonogenesis 

(figure from the published paper). 

Figure 3. Remodeling of the primary cilium during 

neuronal differentiation directs the transition 

from canonical to noncanonical Shh signaling 

(figure from the published paper.) 



better understanding of how cells can rapidly reinterpret signals from their 

environment to produce different responses within the same tissue. 

 

4. A new method for determining the subunit composition of endogenous cell 

surface protein complexes. 

 

Many attendees, including myself, were curious 

to discover the latest method developed by Dr. 

Philippe Rondard. Dr. Rondard heads the team 

"Neuroreceptors, Dynamics and Function" at 

the Institut de Génomique fonctionnelle in 

Montpellier, France. His team has extensive 

experience in the field of neuropharmacology, 

studying G protein-coupled receptors. In 

recognition of his outstanding career and 

scientific achievements in this field, he was 

recently awarded the prestigious Prix Léon 

Velluz 2022.  

 

The fact that membrane proteins, including ion 

channels, receptors and transporters, are 

composed of several subunits and can form 

oligomers is often overlooked. In addition, 

auxiliary subunits can also associate with these 

complexes and affect their overall structure, 

function and localization. A major challenge is to study these membrane complexes 

under native conditions without disturbing their environment, and in particular their 

interactions with lipids and associated proteins which may be critical for their 

assembly and function.  

 

Unfortunately, there are currently only a limited number of methods for validating 

native membrane protein complexes, and these are often difficult and time-

consuming to implement. 

 

Proximity interaction assays, based on optical detection, are good alternatives, but 

lack spatial resolution and cannot rule out the possibility that the proteins are not 

interacting directly.  

 

In comparison, Dr. Rondard presented us time-resolved FRET (TR-FRET), an attractive 

approach for examining protein complexes. This technique is based on resonance 

energy transfer between two fluorophores. This transfer can occur at a minimum 

distance of 15 nm between the donor and the acceptor, which is compatible with the 

size of multi-subunit proteins. In addition, a major advantage of this approach is the 

long lifetime of the donor, which enables a delay between its excitation and the 

Dr. Philippe Rondard (photo from the Institut de 

Génomiaue Fonctionnelle website) 



measurement of the acceptor’s emission, thus considerably reducing the background 

fluorescence. TR-FRET compatible fluorophores can be easily attached to antibodies, 

antibody fragments or even small ligands specific to the protein complex, enabling 

the analysis of native protein complexes.  

 

TR-FRET is thus a highly sensitive technique, compatible with the detection of 

endogenous and low-expressed proteins in native tissues. 

 

Then it is possible to improve 

the spatial resolution of protein 

complexes by  combining this 

approach with the use of small 

antibody fragments, such as  

camelid single-domain 

antibodies, called VHH or 

nanobodies (only 15 kDa,  

~2.5 nm). In contrast the 

resolution with conventional 

antibodies is only of  

approximately 15 nm (Figure 4). 

In addition, nanobodies can 

recognize conformational 

epitopes, allowing the detection 

of specific conformations of membrane proteins, such as the active or resting state.  

 

As mentioned above Dr. Rondard is interested in G protein-coupled receptors  

and more specifically mGluR. Eight genes encoding mGlu receptors have been  

identified that generate receptors mGlu1–mGlu8. These receptors are homodimers 

with both subunits linked by a disulfide bond but ten years ago, Dr. Rondard’s lab 

reported that these mGluR subunits could also assemble into heterodimers with 

specific combinations, revealing the possible existence of 16 additional mGlu 

receptors.  

 

Since then, specific pharmacological properties of these heterodimers have been 

reported, providing indirect evidence of their existence in the brain. However, these 

data could also be explained by functional cross-talk between colocalized 

homodimeric receptors. Furthermore, these studies did not reveal the proportion of 

these heterodimers in the brain compared to homodimers.  

 

Here comes Dr. Rondard’s fantastic work, which he presented at the symposium 

“Single domain antibodies as novel therapeutic agent for brain diseases”. This work, 

published last year in Nature Chemical Biology, was carried out mainly by Dr. Jiyong 

Meng, a researcher in Dr. Rondard’s lab, and Dr. Chanjuan Xu, an associate faculty 

member at Huazhong University of Science and Technology (China). 

Figure 4. Size of a nanobody in comparison with monoclonal 

antibodies (mAb) or Camelid Heavy chain antibody (HcAb). Image 

Credit: ACROBiosystems. 



 

 

Figure 5. Graphical abstract of the published paper. 

 

In their study, they combined specific nanobodies specific for mGlu2 and mGlu4  

subunits with the use of T-FRET. This new approach enabled them to reveal the  

existence of mGlu2–mGlu4 heterodimers, as well as mGlu2 and mGlu4 homodimers, 

in various brain regions (Figure 5). They also confirmed their specific 

pharmacological properties and revealed that mGlu4 subunits appear to be 

predominantly heterodimeric in the brain, with the exception of the cerebellum. 

 

Taken together, their data demonstrated the efficiency of their approach, which 

can decipher with great fidelity and convenience the subunit composition of 

membrane protein complexes in their native environment, and provide a relative 

quantification of endogenous membrane receptor species in native tissues.  

 

I have summarized just a few of the presentations that particularly caught my 

attention, but this list is by no means exhaustive. I am sure that all the presentations 

at this conference have inspired most of the attendees. I look forward to  

participating in NeuroFrance 2025, which will take place in the beautiful city of 

Montpellier. 

 

 

 

 

Florian Donneger is a Postdoctoral Fellow at Stanford University. She wrote 

this meeting report as part of the Tianqiao and Chrissy Chen Institute  

Science Writers Fellowship which aims to extend the conversation beyond 

the meeting with the hopes of sparking new ideas and collaborations. 

 

https://www.cheninstitute.org/chen-science-writer-fellowship
https://www.cheninstitute.org/chen-science-writer-fellowship

