
Insights from neuroscience:  
Changing the set point

Randy J. Seeley, Ph.D.

H.K. Ransom Professor of Surgery, Internal 
Medicine and Nutritional Sciences

Director, Michigan Nutrition Obesity 
Research Center

University of Michigan
@seeleyrj



Disclosures

•Research Support: Novo Nordisk, Astra Zeneca, Eli Lilly, 
Amgen, Congruence, Fractyl, Bullfrog AI, Glyscend, 
Diasome

• SAB/Consultant: Novo Nordisk, Fractyl, Structure 
Therapeutics, CinRx, Eli Lilly, Congruence, Nuanced Health, 
Alveus

• Equity: Rewind Health, Nuanced Health, Fractyl, 
Congruence Bio, Eccogene



Negative Energy Balance in Rats

Bernstein. Proc Soc Exp Biol Med. 1975;150:546.
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Positive Energy Balance in Rats

Overfed

Bernstein. Proc Soc Exp Biol Med. 1975;150:546.
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Long-acting GLP-1R agonist

Wilding et al., NEJM, 2021



Short-term effect of lira on food intake

Adams. Diabetes. 2018;67:1538.
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Long-term effect on body weight
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Medicine Stopped

52-week off-treatment 
extension phase

Medicine Started

Weight regain after drug cessation
STEP-1 Trial Extension – Semaglutide 2.4 mg

68-week treatment phase

Semaglutide 

Placebo 
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Figure adapted from Wilding et al. Diabetes Obes Metab. 2022 24:1553-1564. 1. Wilding et al. Diabetes Obes Metab. 2022 24:1553-1564. GLP-1=glucagon-like peptide 1



Overeating after drug is removed
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The brain, the brain, the brain



The Brain!

Sisley et al., JCI 2014



The Brain!
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The Brain!
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The Brain!



The brain, the brain, the brain



Where are these neurons?

1. Excitatory or inhibitory neurons



Excitatory Versus Inhibitory GLP-R Neurons

Excitatory Neurons
Glutamate

Inhibitory Neurons
GABA

GLP-1R-flox mouse

vGlut2-crevGAT-cre



Excitatory Versus Inhibitory GLP-R Neurons

Adams et al., 
Diabetes 2018





Excitatory or inhibitory neurons?
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Adams et al., 
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Where are these neurons?

1. Excitatory neurons



The world of polypharmacy 
GLP-1

Exenatide

GIP

Tirzepatide



GLP-1-GIP Co-agonist



GIP Receptor KO Mice

DOI: (10.1152/ajpendo.00646.2020) 

WT

KO



Figure 3 

CR Med 2021 2DOI: (10.1016/j.xcrm.2021.100263) 
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GIPR Antagonism?

Anti-GIPR antibody

blocks GIPR

GLP-1 analog peptides 

conjugated to antibody activate 

GLP-1Rs

http://www.elsevier.com/termsandconditions


Figure 3 

CR Med 2021 2DOI: (10.1016/j.xcrm.2021.100263) 
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GIPR Antagonism?
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GIP receptor agonism versus antagonism



Role of GIPR in response to GLP-1 
agonists

Excitatory Neurons
Glutamate

Inhibitory Neurons
GABA

GIPR-flox mouse

vGlut2-crevGAT-cre



GIPR KO on Body Composition 
After >8 weeks HFD

Wean et al, Mol Met 2025

Jordan Wean, PhD





Global GIPR KO
After 21 Days of Daily Dosing

Jordan Wean, PhD

Wean et al, Mol Met 2025
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Global GIPR KO
After 21 Days of Daily Dosing

Jordan Wean, PhD
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GLP-1 plus GIP

Wean et al, Mol Met 2025



GLP-1 plus GIP
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GLP-1 plus GIP
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GLP-1 plus GIP

Wean et al, Mol Met 2025



GLP-1 plus GIP

Wean et al, Mol Met 2025



Chronic disease treatment versus “one 
and done”



Surgery vs Pharmacology

Vertical Sleeve
Gastrectomy



Gene Therapy Route of Administration to 
Pancreas
Local delivery enables low viral 
genome dosing with limited systemic 
virus exposure1

Islets are readily accessible2,3 via 
already established, routine, upper 
endoscopic ultrasound procedures,4 
performed in ~300K patients per year in 
US5

Procedural risk is further mitigated 
with device design (e.g., needle size, 
volume, controlled infusion rate) Endoscopic Procedure & PGTx Delivery 

Pancreatic 
Gene Therapy

1. Rajagopalan et al. ASGCT 2023 oral presentation. Abstract no. 191. 2. Docherty & Russ. Encyclopedia of Tissue Engineering and Regenerative Medicine 2019, pg. 367-
374. 3. Ravi et al. Medicine (Baltimore). 2021 Apr 30;100(17):e25642. 4. Hasan & Hawes. Gastrointest Endosc Clin N Am. 2012 Apr;22(2):155-67. 5. Peery et al. 
Gastroenterology 2022 Feb: 162(2):621-644. PGTx=pancreatic gene therapy 

Stomach

Pancreas

Direct Infusion



Gene Therapy

Seeley lab, unpublished

Stace Kernodle
Chelsea Hutch
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Gene Therapy

Seeley lab, unpublished

Stace Kernodle
Chelsea Hutch
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Gene Therapy

Seeley lab, unpublished

Stace Kernodle
Chelsea Hutch
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Surgery vs Pharmacology

Vertical Sleeve
Gastrectomy
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