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Recent studies have implicated the medial habenula in cocaine-associated behaviors, yet the role 
of the medial habenula in regulating reinstatement of cocaine self-administration remains 
unknown. The lab recently identified the histone deacetylase 3 (HDAC3; a powerful epigenetic 
regulator of gene expression) target gene, nuclear orphan receptor subfamily4 groupA member2 
(Nr4a2), as an important regulator of cocaine-associated behavior. NR4A2 is a transcription factor 
that regulates aspects of dopamine signaling during development, and is densely expressed in 
the medial habenula. Further, Nr4a2 expression is altered by cocaine exposure. We hypothesized 
that reducing medial habenula NR4A2 function would reduce reinstatement of cocaine self-
administration. 
 
Methods: The dominant negative form of NR4A2 (NURR2C) was expressed in medial habenula 
cholinergic neurons of ChAT-Cre mice trained to self-administer cocaine. To facilitate 
reinstatement behavior, an incubation of craving model was used in which animals were given 30 
days of homecage withdrawal after 12 days of self-administration. On the last day of testing, 
animals were extinguished for 5 hours, and were then re-exposed to drug-associated cues to 
drive cued reinstatement. for single nucleus RNA sequencing. To develop a more in-depth 
understanding of the medial habenula response to reinstatement of cocaine-seeking, one hour 
after reinstatement, brains were collected and flash frozen for single nuclei RNA sequencing. 
  
Results: While there were no differences in rates of cocaine self-administration or extinction, 
NURR2C mice had dramatically reduced reinstatement compared to GFP controls. After 
reinstatement, transcriptome perturbation analysis revealed that clusters of both medial and 
lateral habenula neurons are highly perturbed by the medial habenula NURR2C manipulation.  
 
Discussion: These findings necessitate consideration of the medial habenula and Nr4a2 as 
pivotal components of the reward circuit and identify the nuclear orphan receptor NR4A2 (with 
recently identified exogenous ligands) as a therapeutic target for medicinal chemistry to develop 
agonists/antagonists that may be relevant for addiction treatment. Lastly, transcriptomic changes 
in lateral habenula nuclei indicate more interplay between the medial and lateral habenula than 
previously thought, which needs further study. 
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