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Zhang Y, et al, Friedman JM 
Positional cloning of the mouse obese gene and its human homologue. Nature 1994 

The identity of the signal encoded by the ob gene:
LEPTIN, conserved in mice and humans 

Jeffrey M.Friedman
-Lasker Award 2014
-Breakthrough Award 2020
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Recombinant leptin therapy reverses congenital leptin deficiency

Farooqi et al O'Rahilly S. Effects of recombinant leptin therapy in a child with congenital leptin deficiency, 
NEJM .1999 

Montague CT, Farooqi IS, et al, O'Rahilly S. Congenital leptin deficiency is associated with severe early-onset 
obesity in humans. Nature. 1997
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Body weight homeostasis 
The neuroendocrine loop of leptin action

Friedman JM  Nature 2006

Increased 
food intake

Leptin: an adipostat

Friedman, JM, Nature. 2009



Levin N, Nelson C, Gurney A, Vandlen R, de Sauvage F.. PNAS  U S A. 1996 

The weight loss effect of leptin action is not solely mediated 
by suppression of food intake

Ob/ob mice that are Pair-fed 
To leptin-treated ob/ob mice

Do not loose weight to the same 
extent

ob/ob
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Domingos 
Cell, 2015
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The Neuroendocrine Loop of Leptin action
Beyond appetite regulation

Zeng, Pirzgalska et al Domingos, Cell, 2015.                                                                   Pereira, et Al Domingos, Nature Comm, 2017

BATWAT

lipolysis thermogenesis

”burning” fat

Legend:
WAT= white adipose tissue (AT)

BAT=Brown AT



Sympathetic Neuropeptide Y protects from obesity by 
sustaining  thermogenic adipocytes.

NPYR1

Zhu, et al,  
Domingos, Nature 2024
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Zeng, Pirzgalska et al Domingos, Cell, 2015
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The Neuroendocrine Loop of Leptin
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Martinez, et al Domingos, Neuron 2022
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Sympathetic associated macrophages
(SAMs)

Cx3cr1GFP/+Pirzgalska et al Domingos , Nature Medicine, 2017



SAMs 
contribute to

Obesity
By importing

And 
metabolizing 

norepinephrine 

Pirzgalska et al Domingos , Nature Medicine, 2017

Slc6a2–/–

Obese mice



If SAMs 
Mop up 

Norepinephrine
On top of

 the neurons
Then… 

🤔

Does 
norepinephrine
Influence the 

neurons?



Adrb2 agonists burn fat via 
sympathetic neurons

Adrb2
+ 

amplification 
loop

https://www.biorxiv.org/content/10.1101/2025.06.13.659468v1



SAMs keep the noradrenergic autocrine positive 
feedback under control  
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What keeps 
SAMs away? 

Macrophages dispose of norepinephrine, weakening 
the efferent arm in the neuroendocrine loop of leptin

Pirzgalska et al Domingos , Nature Medicine, 2017
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Sympathetic perineurial barrier cells (SPCs) express LepR



SEPCs

SNS Axons

SAMs

ADRB2

NE

Adipocyte

Leptin

LepR

Apoptotic SEPCs

Lean Obese

SAMs

SPCs integrate leptin with its sympathetic outflow
to protect against obesity

SPCs

💀

Under review

bioRxiv 2024.05.18.594804-2024.05.18.594804 (2024). doi:10.1101/2024.05.18.594804

https://www.zotero.org/google-docs/?OKxeFW
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unpublished

WAT & BATBrain
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SPCs integrate leptin with its sympathetic outflow
to protect against obesity

Rescue homeostasis 
Leptin neutralization (mAb)

Or 
Adrb2 agonism (Clen)



Haberman et al Domingos  Immunity, 2023

Immunomodulatory 
LepR+ perineurial cells 
protect against obesity 

by facilitating 
Leptin-mediated 
thermogenesis 



Decreasing human body temperature in the United States 
since the Industrial Revolution

Protsiv M, Elife. 2020
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