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Molecular adaptations, nuclear organization in 
enduring social aversion, a preclinical model of depression. 

 
Stress response participates to life-long behavioral adaptations to environmental changes (Barik et al. 
2023, Battivelli et al. 2024). Those may be beneficial, for instance in adjusting social interactions to 
congeners, but may also lead to the appearance of behavioral disorders. Enduring behavioral changes 
are underpinned by long-lasting neuroadaptation, thought to arise from changes in gene 
expression stabilized via epigenetic mechanisms. We showed that the glucocorIcoid receptor (GR) and 
its partner SWI/SNF remodeler complex are required in the nucleus accumbens (NAc) for the 
appearance of social aversion following repeated social defeats (RSD), a reasonable adaptaIon and a 
model of depression (Barik et al. 2013, Zayed et al. 2022). When exposed to RSD, around 60 % of 
individual mice are suscepIble and develop aversion whereas the other ones are resilient. InacIvaIon 
in the NAc of Brg1 gene, encoding for the SWI/SNF catalyIc subunit, of GR gene shiW all individuals to 
resiliency. The project we will further dig the molecular mechanisms in play and the behavioral 
consequences. 

Altogether, these results posit the BAF complexes and gene Brg1 as keys within the NAc in adapIve 
transcripIonal responses to stress and ensuing behavioral changes. The first aim of the PhD thesis is to 
uncover the molecular changes associated with gene expression neuronal plasIcity and responsible 
for underlying persistent behavioral adaptaIons following repeated social defeats. The second is to 
understand whether the inducIon of social avoidance can be pharmacologically blocked and/or 
reverted a posteriori, thus paving the way for novel therapeuIc targets for stress-related diseases. 
 
Work plan. 
 
First task, we will set-up study the neuronal population activated in the NAc by a social defeat. We will 
address this quesIon using viral-TRAP approach that enables inducible acIvity-dependent long-term 
tagging of FOS expressing neurons (Matos et al. 2029). We will invesIgate whether the same neuronal 
populaIon is acIvated by repeated social defeats, will study the dynamics of neuronal recruitment and 
will address the role of GR and BRG1 in their acIvaIon. 
 
Second task, will invesIgate nuclear plasIcity by following RSD by SHAREseq approach that combines 
ATACseq and RNAseq in NAc single nuclei (Ma et al. 2020). We will therefore assess the dynamics of 
genome expression and nuclear organizaIon through chromaIn compacIon. We will perform this 
study at different Ime points in C57BL/6 males exposed to a unique social defeat, that do not induce 
social aversion, and mice exposed to ten repeated social defeats that do. We will disInguish between 
resilient and suscepIble mice. This should allow us to tackle enduring molecular changes, in different 
NAc cell populaIons that sustain long term behavioral changes in suscepIble mice. 
 
Third task, in this framework, we will assess the hypothesis that a pharmacological intervenIon with 
the ketone body β-hydroxybutyrate (BHB) is able to promote stress resilience. This hypothesis is 
substanIated on one hand by the current knowledge on candidate stress resilience mechanisms and, 
on the other hand, on data showing that ketogenic signaling improves behavioral deficits and is able to 
posiIvely modulate many of the potenIal resilience mechanisms (Yamanashi et al. 2020). BHB is 
produced by the body following fasIng, physical exercise and ketogenic diet. We will study whether 
BHB can prevent or cure RSD induced social aversion and other behavioral consequences of RSD. At 
the molecular level, the beneficial effects of BHB most probably implicates epigeneIc mechanisms. 
BHB can indeed be covalently linked to H3K9 and H3K14, a new type epigeneIc mark associated with 
caloric restricIon or a ketogenic diet. InteresIngly, it might interfere with SWI/SNF chromaIn 
remodeler complexes recruitment on chromaIn since acetylaIon of H3K9 and H3K14 facilitates 
SWI/SNF docking on chromaIn. We will address this quesIon combining, epigenomics (SHAREseq, 
ChIPseq) and mutant mouse models. If BHB treatment is not efficient, we will test other potenIal 
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therapeuIc treatments targeIng GR or BRG1. Two compounds are of parIcular interest. The BRG1 
inhibitor called PFI-3 is commercially available and passes the brain-blood barrier (Yang et al. 2021), 
and the GR Cort113176 antagonist targeIng more specifically the interacIon between GR-and BRG1-
containing remodeler complexes (Gentenaar et al. 2024). 
 
The expected results will contribute to substanIate the role of nuclear plasIcity and to idenIfy 
molecular mechanisms underlying stress-related behavioral changes. A beger fundamental 
understanding of these processes is essenIal to make possible the evoluIon of therapeuIc soluIons 
for neuropsychiatric diseases related to stress. 
 
 
 
A large part of the PhD project takes place within an ERA-Net Neuron project enItled « Ketogenic 
signaling in resilience promoIon » (Ketoresi) that started in November 2024 and involves teams from 
Germany (B. Lutz and A SebasIan, Mainz), Spain (M Claret, Barcelona), Italy (M Morena) and France (F 
Tronche) with whom we will collaborate. Beat Lutz (University of Mainz) will be cosupervisor of the 
PhD. The Ketoresi project addresses molecular and cellular adaptaIons induced in the NAc and 
responsible for suscepIbility or resilience to social defeat, with focus on the role of GR and Brg1 in this 
process and the effects of a BHB treatment. It addresses this quesIon in both preclinical models and 
in humans. 
For the scienIfic mediaIon part, the PhD student will be enrolled in the organizaIon of the “Brain 
Awareness Week” (Semaine du Cerveau) of which François Tronche is naIonal coordinator. This event 
takes place every year in March. In 2024, there was around 700 events in France (conferences, debates, 
science cafés, theater plays, exhibiIons, etc., in all regions of France (134 ciIes). The student will 
parIcipate in the programmaIon, contacts with media, organizaIon of the “opening conference”. 
She/he will also yearly parIcipate to debates of conferences in Paris or in Limousin where she/he will 
have the opportunity to present or discuss his/her own research projects. 
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