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Death: Cardiovascular > 

Cancer > Infection

국민건강보험공단 2021년National Center for Health Statistics, CDC, Mortality in the United States, 2021

Modern Health Problem

Obesity, Metabolic Disease, Cardiovascular Death
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2013 Principles of Neural Science. Fifth Edition. Kandel et al.
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Settling Point Model

2011 Set points, settling points and some alternative models- theoretical options to understand how genes and environments combine to regulate body adiposity
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Modern Obesity

Genetic Environmental

Prader
Willi

Leptin Deficiency
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Addiction-like Behavioral in Overeating

2012 Feed-forward mechanisms- Addiction-like behavioral and molecular adaptations in overeating
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Air Conditioner vs. Fireplace
Set Point → Dynamic Equilibrium

26 C°28 C°
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Stress, Allostasis, Allostatic Load

2015 BMB reports. Technical and clinical aspects of cortisol as a biochemical marker of chronic stress



2017 Gastroenetrology. Blaming the brain for obesity- Integration of hedonic and homeostatic mechanisms

?
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Cognition Behavior
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2021 Neuroscience of Emotional Disorders

Cognition Behavior
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2013 Neuron. Hypothalamic Survival Circuits- Blueprints for Purposive Behaviors

Hypothalamic Circuits for 
Physiological Needs

DMH



Neuron Activity Modulation

(Mind Writing

Hypnosis)

Neural Activity Monitoring 

(Mind Reading)

Behavior

Neural Activity Monitoring 

during 

Behavior Evocation

Behavior Monitoring

during

Neuron Activity Modulation

micro-endoscope, fiber photometry optogenetics



Contents

1. Overview- Targets for Metabolic Disease

2. Motivation (=Appetite)
Lateral Hypothalamus Leptin Receptor Neurons

3. Satiation
Dorsomedial Hypothalamus GLP-1 Receptor Neurons

Motivation

LH LepR



A Unified Theoretical Framework Underlying The 
Regulation of Motivated Behavior

2024 BioEssays. 

Prediction MotivationNeed Pleasure Utility

Cause of Behavior Consequence of Behavior

Sensory

~seconds ~hrs, days

Restore Homeostasis

Behavior

State

(Deficit)

DMH LepR/GLP1R ARC AgRP LHA GABA/LepR

NAc NPY

2023 Nature Communications

2024 Neuron

2024 Science Advances 
(in revision)2024 Science 

2024 in preparation



Two distinct populations of LH LepR neurons encode food-seeking and 
consummatory behaviours

Miniscope 

(Inscopix)

2023 Nature Communications



Activation of LH LepR neurons significantly 
increased consummatory behaviours 

2023 Nature Communications



Leptin Receptor Neurons in Lateral Hypothalamus 
Regulates Hunger-gated 
Food-Seeking and Consumption Behaviours

Seeking Behaviours

Consummatory Behaviours

Sniffing, Licking, Biting, Swallowing

2023 Nature Communications
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2024 NeuronYoungjeon Lee (National Primate Research Center)hDlx promotor: GABA neuron specific expression promoter 

Lateral Hypothalamus 
GABAergic Neurons on Eating 

Behaviours in Non-human 
Primates



LH GABA activation

Vehicle (Control)

2024 Nature Biomedical Engineering (in press) 

2024 Neuron
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2016 TEM Opposite Regulation of Ghrelin and Glucagon-like Peptide-1 by Metabolite G-Protein-Coupled Receptors

Hunger Satiation

Seeking

Initiation
Termination

Obesity Drug 

GLP-1 agonist
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Several brain regions are activated by semaglutide
In rodents

†Whole-brain steady-state semaglutide VT750 distribution in wild-type mice following 5 days of s.c. semaglutide dosing (10–30 nmol/kg). *SemaglutidecVT750. ‡Whole-brain c-Fos expression in DIO mice following a single s.c. dose of semaglutide (0.01 mg/kg). 
GLP-1R, glucagon-like peptide-1 receptor; semaglutideVT750, VivoTag750-S-labelled semaglutide. 
Gabery et al. JCI Insight 2020;5:e133429; Novo Nordisk. Data on file.
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Secondary activation in regions 
associated with control of food intake‡



Preingestive Sensory Satiation

Even just 

looking at it 

makes me 

feel full



2018 Trends in Neuroscience. Peripheral and Central Nutrient Sensing Underlying Appetite Regulation

Yuki Oka

Feed-forward and Feed-back regulation



2018 Trends in Neuroscience. Peripheral and Central Nutrient Sensing Underlying Appetite Regulation

Feed-forward and Feed-back regulation
Yuki Oka

Brake



2020 Cell. Neural Control and Modulation of Thirst, Sodium Appetite, and Hunger

Yuki Oka



2017 Neuron. Toward a Wiring Diagram Understanding of Appetite Control

Feed-forward and Feed-back regulation

Mark Andermann



Need should be regulated by prediction

Current deficiency-based policy  vs.

- Produce overshooting

No More Orders

Predicted deficiency-based policy
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Food Arrival 

in 5 mins 
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2014 JCI Glucagon-like peptide-1 receptors in the brain- controlling food intake and body weight

Sensory

Satiation?

Where?



Effect of GLP-1 on 

Cognitive Satiation?
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Termination of Eating by Activation of 
DMH GLP-1R Neurons during Eating
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DMH GLP-1R Neurons are Activated 
by Anticipation of Eating

Food seeking start





Effect of GLP-1 Drug on
DMH GLP-1R Response



GLP-1R Agonist Injection Activates DMH GLP-1R Neurons
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3D Mapping of DMH GLP-1R Neuron Outputs



NPY-GFP

3V

DMHGLP-1R→ARCNPY/AgRP

AAV-DIO-mCherry
Eunsang Hwang, 

Kevin W. Williams, 

UT Southwestern





Yu-Been Kim



Translational Neuroscience Research for Eating Emotions
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