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An old phenomenon

Laughing Budah, circa 900 AD, China Venus Willendorf 24.000-22.000 BCE, Austria



Daniel Lambert 1770-1809

An old phenomenon

Pantagruel, 1532
Francois Rabelais

Dona Carolina
1840(?)- 1919



Precope J, Hippocrates on diet and hygiene, 1952
(460-377BCE)
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Adapted by NYT from Fothergill et al, Obesity 2016, and participants’ interview 





Are you more likely to maintain weight loss if you lose weight slowly?
That is the advice dieters often get, but randomized studies on 204 patient, say NO

Purcel et al,
Lancet, 2014

http://www.nejm.org/doi/full/10.1056/NEJMsa1208051


OBESITY

Definitions based on ideal body weight – determined from actuarial tables as 
maximising life expectancy

BMI 
(Kg/m2)

Asia cutoffs : below 17,5 <  17,5 – 22,9 < 23 – 27,99 < 28&above 



Worldwide Prevalence of Obesity in 2016 (%) : WHO 

Kuwait
USA
Jordan
Saudi Arabia
Qatar
Libya
Turkey
Lebanon
Egypt
United Arab Emir.
Bahamas
New Zeeland
Iraq
Fiji

http://gamapserver.who.int/gho/interactive_charts/ncd/risk_factors/obesity/atlas.html
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100 Days of Overfeeding drives 
Similar weight gain 

within identical Twin pairs

Bouchard C, et al 1990, NEJM

40% to 77% of BMI is determined by genetic factors



Douglas L. Coleman, 1931–2014
Lasker Award 2014

ob/ob

db/db

Genetically obese
With mendelian recessive

inheritance 

Which genetic factors?



Coleman DL. Diabetologia. 1973

?

Parabiosis revealed a blood born signal 

?



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

Molecular genetics revealed the identity of the signal:
LEPTIN, conserved in mice and humans 

Jeffrey M.Friedman
-Lasker Award 2014
-Breakthrough Award 2020



Farooqi et al 1999 NEJM

Recombinant leptin therapy reverses congenital leptin deficiency



metreleptin

Leptin reverses metabolic syndrome in generalized lipodystrophy

AGPAT2*

GL acquired
GL

Partial D Partial D

Brown RJ, et al. Endocrine. 2018 

Brown RJ, et al. Endocrine. 2018 



ADIPOSE TISSUE AS AN 
ENDOCRINE 

ORGAN

Multiple actions

Hormone leptin



Increased 
food intake

Leptin: an adipostat

Friedman, JM, Nature. 2009



Leptin does not cure
Common obesity

Because
hyperleptinemia

causes
Leptin resistance

Knight et al, 2010, Plos One
Frederich, R. et al. . Nature Medicine 1995



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



Johannes Rafael and Andreas W. Herling
American Journal of Physiology-

Regulatory Integrative and Comparative Physiology 2000

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



TH 800um

Leptin reduces Fat Mass 
Via Sympathetic nerves 

Zeng, Pirzgalska et al Domingos, Cell, 2015



Sympathetic
Neuro-adipose Junctions

TH-CRE 
x

LSL-tomato
Zeng, Pirzgalska et al Domingos, Cell, 2015



Adrenergic receptor

Norepinephrine

Sympathetic
Neuro-adipose Junctions

TH-CRE 
x

LSL-tomato
Zeng, Pirzgalska et al Domingos, Cell, 2015

lipolysis



TH-CRE 
x

LSL-ChR2
Zeng, Pirzgalska et al Domingos, Cell, 2015

Sympathetic
Neuro-adipose Junctions

OPTOGENETICS
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Optogenetic stimulation of sympathetic neurons
Drives NE release and lipolysis in vivo
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Zeng, Pirzgalska et al Domingos, Cell, 2015

OPTOGENETICS



TH-Cre;
LSL-DTR

LSL-DTR

HSL75 kD
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Sympathetic Neuron-Adipose 
Connections Mediate

Leptin-Driven Lipolysis

pHSL
Efferent

Lipolysis

Afferent
Leptin

Zeng, Pirzgalska et al Domingos, Cell, 2015
Pereira, M et al Domingos, Nature Comm, 2017
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Genetic sympathectomy 
mediates fast & irreversible obesity, 

independently of food intake 

TH-Cre;
LSL-DTR

LSL-DTR

days

TH-Cre;LSL-DTR

LSL-DTR

Pereira, M et al Domingos, Nature Comm, 2017



Efferent  Sympathetic axis

Legend:
WAT= white adipose tissue (AT).  BAT=Brow AT.  BeAT= Beige AT

and

The Neuroendocrine Loop of Leptin action

By activation of lipolysis thermogenesis
Caron, A. et al 2018

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



T. D. Müller et al. Pharmacol Rev 2018

Time line of pharmacotherapies used to treat obesity from 1900 until today.

Indirect 
Sympathomimetics
Inhibit reuptake of

norepinephrine 

*Phentermine/topiramate

*

*
(Withdrawn 
2020)



(AMPH)



TH

Sympathetic associated macrophages
(SAMs)

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



2 mm

SAMs

Pirzgalska et al ,Nature Medicine, 2017



SAMs 
contribute to

Obesity
By importing

And 
metabolizing 

norepinephrine Slc6a2–/–
Non-

neuronal

Pirzgalska et al Domingos , Nature Medicine, 2017



Chemically modify AMPH to avoid brain

Mahu et al Domingos, Cell Metab 2020

Gonçalo Bernardes,Cambridge U.
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pegAMPH is brain-impermeable

Mahu et al Domingos, Cell Metab 2020



PBS AMPH PEGyAMPH
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PegyAMPH does not induce hyperkinesia nor hypophagia

Mahu et al Domingos, Cell Metab 2020



PEGy-AMPH defends against diet-induced obesity
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Mahu et al Domingos, Cell Metab 2020
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PEGy-AMPH increases Energy Expenditure (EE)

Mahu et al Domingos, Cell Metab 2020



control AMPH

PEGy-AMPH increases thermogenesis
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PEGyAMPH
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control PEGyAMPHAMPH

PEGy-AMPH increases thermal dissipation 
and prevents hyperthermia

35ºC

19ºC

Vasodilation

Mahu et al Domingos, Cell Metab 2020



PEGy-AMPH mitigates obesity 
via thermogenesis coupled to heat dissipation

attenuation at thermoneutral temperature (32dgr) 

Mahu et al Domingos, Cell Metab 2020



PEGyAMPH does not trigger cardiac side effects
(= Blood pressure & = Heart rate)
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Direct delivery to the brain triggers 
cardiac side effects
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Hassan J.Neurosci 2015 ; Liu, J. Cardiovas Pharm 1996



PEGy-AMPH facilitates SNS activity
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Mahu et al Domingos, Cell Metab 2020

A new class of anti-obesity drugs that couple thermogenesis to 
heat dissipation, and that are cardio-neutral by avoiding the brain



T. D. Müller et al. Pharmacol Rev 2018

Time line of pharmacotherapies used to treat obesity: the future

Indirect 
Sympathomimetics
Inhibit reuptake of

norepinephrine 

*Phentermine/topiramate

*

*

Sympathofacilitators

2022

?

: )

(Withdrawn 2020)

Tirzepatide



Screen-print of Google 
Images

By Searching 
“Clenbuterol”

Clenbuterol = ADRb2 agonist

Prohibiting Sympathomimetics does not block its use when 
the safe alternatives are too expensive 

=direct 
Sympathomimetic



NeuroImmunoMetabolism
Obesity at the crossroads between

NeuroImmunity and ImmunoMetabolism

Beaver Run Resort, Breckenridge, 
Colorado, USA  
October 7th -11th , 2022 

Organizer: Ana Domingos
Co-organizer: Alan Saltiel



Ana Domingos, PhD
Editor in Chief, AJP-Endocrinology and Metabolism

21
days

2.0 
months

ajpendo.org

journals.physiology.org/Calls

New Initiatives:
• Spotlight Cover Program
• APS Open Access
• Rigor and Reproducibility Checklist
• Promoting Your Paper Post-Publication 

total citations
281K*

Featured Content:
• Special Article Collections
• Insulin’s First 100 Years— Where Next?
• Press Release: Frequent Breaks from Sitting 

May Improve Daily Blood Sugar 
Fluctuations

@AJPEndoMetab

*source: Dimensions
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