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Habenular Tcf7l2 links nicotine addiction to diabetes 

Alexander Duncan1, Mary P. Heyer1, Masago Ishikawa1, Stephanie Caligiuri1, Xin-an Liu1, Zuxin 
Chen1, Maria Vittoria di Bonaventura1, Jessica L. Ables1, William M. Howe1, Maya Williams1, 

Zichen Wang2, Qun Lu3, Theodore M. Kamenecka3, Avi Ma’ayan2, Heidi C. O'Neill4, Ines Ibaniz-
Tallon5, Aron M. Geurts6, and Paul J. Kenny1 

1Department of Neuroscience, Icahn School of Medicine at Mount Sinai; 2Department of 
Pharmacological Sciences, Icahn School of Medicine at Mount Sinai; 3Department of Molecular 

Medicine, The Scripps Research Institute; 4Institute for Behavioral Genetics, University of 
Colorado; 5The Laboratory of Molecular Biology, The Rockefeller University; 6Department of 

Physiology, Medical College of Wisconsin. 

The neuropeptide glucagon-like peptide-1 (GLP-1) was shown recently to enhance sensitivity of 
medial habenula (mHb) neurons to nicotine and thereby exert inhibitory control over nicotine 
intake. Little is known about the intracellular mechanisms through which GLP-1 acts. Here, we 
tested the hypothesis that the transcription factor Tcf7l2, considered a core component of the 
GLP-1 signaling cascade, regulates the actions of nicotine on mHb neurons to control nicotine 
intake. We found that Tcf7l2 is highly enriched in mHb and, using a new line of Tcf7l2 mutant rats, 
that Tcf7l2 deficiency increases nicotine self-administration behavior. CRISPR-mediated 
cleavage of Tcf7l2 in the mHb similarly increased nicotine self-administration in mice. Using 
whole-cell electrophysiological recordings and RNA sequencing, we found that Tcf7l2 regulates 
the recovery of nicotinic acetylcholine receptors in the mHb from nicotine-induced desensitization 
through a mechanism involving local cAMP signaling. Notably, both TCF7L2 mutations and a 
history of tobacco smoking increase the risk of type-2 diabetes through unknown mechanisms. 
We found that doses of nicotine that activate the mHb increased blood glucose levels in rodents 
and that Tcf7l2 knockdown in mHb blocked this effect. Moreover, repeated exposure to 
hyperglycemic doses of nicotine elevated circulating levels insulin and glucagon and induced 
diabetes-like disruption of blood glucose homeostasis. Tcf7l2mut rats were resistant to nicotine-
induced perturbations in blood glucose homeostasis. Together, these findings demonstrate that 
Tcf7l2 regulates the stimulatory effects of nicotine on mHb neurons to control nicotine intake and 
hyperglycemic responses to the drug, potentially explaining the link between TCF7L2 mutations 
diabetes and tobacco smoking.    
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