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Hypothalamic Function of IRX3 and IRX5, Genetic Determinants 
of Human Obesity

Joe Eun Son (Kyungpook National University, Korea)
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Obesity has become a serious health concern worldwide, increasing the prevalence of other chronic diseases. It is critical 
to gain a deeper understanding of the machinery underlying the development of obesity to improve current prediction, 
diagnosis, and treatment options for obesity and associated metabolic disorders. While obesity is a complex condition resulting 
from a combination of hereditary and environmental factors, it is largely attributed to genetic defects involved in the control 
of appetite by the brain, particularly the hypothalamus, a major command center in energy homeostasis regulation. To this 
end, by using mouse genetics and multi-omics technologies, my research identified Iroquois (IRX) homeobox genes, IRX3 and 
IRX5, as novel genetic determinant factors of obesity and further unveiled their obesity regulatory mechanism in the control 
of hypothalamic neurodevelopment at the single-cell level. Specifically, IRX3 and IRX5 are genetic effectors of FTO (fat mass 
and obesity-associated gene) variants, the strongest genetic risk factors for human obesity, and SIM1 haploinsufficiency, 
a monogenic form of human obesity. Furthermore, I identified a novel neural stem cell (NSC) population in the postnatal 
mouse hypothalamus, and established that predominant expression of Irx3 and Irx5 in this NSC population is critical for 
postnatal neurogenesis and hypothalamic feeding control; and I established the molecular profiles of Sim1+ neurons in 
the paraventricular nucleus of the mouse hypothalamus and uncovered that ectopic expression of Irx3 and Irx5 in these 
neurons represents a central mechanism contributing to the neurodevelopmental defects leading to overeating in Sim1 
haploinsufficiency. Given that both FTO obesity-risk alleles and SIM1 haploinsufficiency are associated with increased energy 
intake in human obesity, my research provides unprecedented mechanistic evidence for genetic control of human obesity. 
These findings could potentially lead to novel predictions and treatment options for this condition.
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The Coding of Internal Senses in the Brainstem

Chen Ran (The Scripps Research Institute, USA)
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Our external senses of sight, smell, sound, touch, and taste enable us to perceive the external world. In addition, our 
interoceptive system monitors the physiological state of peripheral organs. This bodily sensory system orchestrates multi-
organ physiological responses, regulating feeding, drinking, sickness behaviors, and generating the internal senses such as 
satiety, hunger, nausea, malaise, and visceral pain. However, despite the scientific and clinical importance, the principles that 
define visceral sensory processing remain poorly defined. Previously, we developed an in vivo two-photon mouse brainstem 
calcium imaging preparation to understand internal organ representations in the nucleus of the solitary tract (NTS), the 
interoceptive gateway in the brain. Combining the imaging platform with stimulation of multiple visceral organs, we uncover 
diverse neuronal responses to internal stimuli, while functionally defined cell types are highly organized within the NTS. Using 
patterned in vivo brainstem optogenetics, we precisely stimulate different neuronal ensembles and show that spatial domains 
of the NTS differentially modulate autonomic functions. Using mouse genetics and functional manipulations of specific 
brainstem circuits, we reveal viscerosensory information streams that have distinct functions. Our study defines the functional 
architecture of brainstem viscerosensory pathways, laying the foundation for future research to understand interoceptive 
processing throughout the brain.
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Roles of Brainstem Catecholaminergic Neurons in Control of 
Energy Homeostasis

Cheng Zhan (University of Science and Technology of China, China)
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The brain plays a crucial role in regulating energy intake and expenditure in response to various internal and external factors 
and energy requirements. While extensive research has highlighted the significance of the hypothalamus in maintaining energy 
balance, there is limited understanding of the functional roles of other brain regions. Our comprehensive investigation focused 
on brainstem catecholaminergic neurons (solitary nucleus and ventrolateral medulla), exploring their brain-wide connections 
and functional contributions to the regulation of energy homeostasis, including food intake, blood glucose levels, and energy 
expenditure during fasting. This presentation will address the importance of brainstem catecholaminergic neurons in energy 
metabolism control, elucidating their roles and mechanisms of action.


