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An old phenomenon

Laughing Budah, circa 900 AD, China Venus Willendorf 24.000-22.000 BCE, Austria
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To treat obesity, Hippocrates, the “father of medicine,”
suggested the following:

[o]bese people and those desiring to lose weight should per-
form hard work before food. Meals should be taken after
exertion and while still panting from fatigue and with no
other refreshment before meals except only wine, diluted
and slightly cold. Their meals should be prepared with ses-
ame or seasoning and other similar substances and be of
a fatty nature as people get thus, satiated with little food.
They should, moreover, eat only once a day and take no
baths and sleep on a hard bed and walk naked as long as
possible. [13]

Precope J, Hippocrates on diet and hygiene, 1952

(460-377BCE)
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Contestants lost hundreds of pounds during Season 8, hu galn
back. A study of their struggles helps explain why s peop fal

keep off the weight they lose.



Biggest Losers Fight a Slower Metabolism

A study of contestants from “The Biggest Loser” found their metabolisms slowed during and after the competition,
making it difficult to maintain weight loss.

REGAINING LOST WEIGHT

13 of the 14 contestants studied regained GAINED
weight in the six years after the ==« 50 Ibs.
competition. Four contestants are heavier

now than before the competition.

0
Erinn Egbert is the only
contestant who weighs less
today than six years ago.
y y g . 50
Rudy Pauls regained 80 100
percent of his lost weight,
then had surgery to
reduce the size of his - 150
stomach.
- 200
Danny Cahill lost 239 pounds
L and won the competition, but LOST
has regained over 100 ~+ 250 Ibs.
A pounds. &
“The Biggest Loser” Six years
Season 8 (2009) later

Adapted by NYT from Fothergill et al, Obesity 2016, and participants’ interview
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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

Weight change (%)

Weight change (%)

A Rates of weight loss in phase 1

b 36

Week

-0~ Rapid
~@— Gradual

Purcel et al,_
24 48 72 96 ' 144

Weight loss phase Weeks since weight loss phase L ance t: 2 O 1 4


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

OBESITY

!

BMI

<18,5 \ 18,5-24,9 N 25:29.9 )\ 30-34,9 35<
(Kgim?) et SR

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

Asia cutoffs : below 1/ 6 < 1/ 5 —-2209<25 - 2799 <28&above



_Worldwide Prevalence of Obesity in 2016 (%) : WHO

Kuwait
USA
Jordan
Saudi Arabia } Pacificy”
60 % Qatar ;@| dlands
Libya ARV N

Lebanon
Egypt
40 % United Arab Emir.
Bahamas
New Zeeland
Iraq
Fiji

Prevalence (%)

20 %
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i http://gamapserver.who.int/gho
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40% to 77% of BMI is determined by genetic factors

100 Days of Overfeeding drives
Similar weight gain
Identical Twins within identical Twin pairs

Twin A
r=0.55
F = 3.4 (P<0.02)

:
:
8
8

8 10

Change in Body Weight (kg)

Bouchard C, et al 1990, NEJM



Which genetic factors?
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Genetically obese

Douglas L. Coleman, 1931-2014 With mendelian recessive
Lasker Award 2014 inheritance




Parabiosis revealed a blood born signal
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Coleman DL. Diabetologia. 1973



Molecular genetics revealed the identity of the signal:
LEPTIN, conserved in mice and humans
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C57BL/6J ob/ob

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

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



Recombinant leptin therapy reverses congenital leptin deficiency

weight = &0, age 3yrs

Farooqi et al 1999 NEJM



Leptin reverses metabolic syndrome in generalized lipodystrophy

Hypothalamus
(in the CNS) |

Pharmacodynamic clinical studies
in patients with generalized
lipodystrophy suggest that MYALEPT

Achantosis
nigricans

MYALEPT

. Reduces food intake
‘ Increases insulin sensitivity

Injection site

Brown RJ, et al. Endocrine. 2018



ADIPOSE TISSUE AS AN
ENDOCRINE
ORGAN

Hormone leptin

Multiple actions




Leptin: an adipostat

Decreased
food intake

o / Increased
e food intake
0 g

Leptin

Increased T~
body weight  Adipose tissue

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




Leptin: an adipostat

Decreased
food intake

o / Increased
e food intake
0 g

Leptin

Increased T~
body weight  Adipose tissue

Friedman, JM, Nature. 2009



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

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

Ass

60

SRS EE S SR EE

Ob/ob mice that are Pair-fed
To leptin-treated ob/ob mice
Do not loose weight to the same

~4~ 280 ng leptin/h extent

Body weight (g)
o
o

O pair-fed
40 4 —X—control
35 - ™ 1
0 5 10 15

Johannes Rafael and Andreas W. Herling
American Journal of Physiology-
Regulatory Integrative and Comparative Physiology 2000



Leptin reduces

TH

Zeng, Pirzgalska et al Domingos, Cell, 2015




Zeng, Pirzgalska et al Domingos, Cell, 2015



Adrenergic Ereceptor

lipolysis

Norepinephrine

Zeng, Pirzgalska et al Domingos, Cell, 2015




Zeng, Pirzgalska et al Domingos, Cell, 2015




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



REVIEWS NEUROSCIENCE

Ly & Tony Lilley/Alamy Stock Photo
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Zapping fat in WAT

Bundles of nerves (red) that surround some fat cells (green) are key to fat breakdown—

A Sympathetic View on Fat by Leptin e and weight [0ss.

Luis Varela' and Tamas L. Horvath'*
"Program n Integrative Cell Signalling and Neurobiology of Metabolism, Section of Comparative Medicine, Yale Univ

Medicine, New Haven, T 06520, USA " A closer look at the nerves that slim down your fat

Corr&spondence tamas.h

v/ 101096/ 016 cells
Zeng, Pirzgalska et al Domingos, Cell, 2015




Leptin Lipolysis

Afferent
Leptin
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Lipolysis

LSL-DTR TH-Cre;
LSL-DTR

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




Genetic sympathectomy
mediates fast & irreversible obesity,
independently of food intake
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Pereira, M et al Domingos, Nature Comm, 2017



The Neuroendocrine Loop of Leptin action

Efferent Sympathetic axis

WAT BeAT BAT

Cold

4/ Fasting 4/ Fasting
2 |_/

Cold

4/ Fasting
|_/

e

By activation of -
nesis

lipolysis and thermoge

Caron, A. et al 2018 Nature Reviews | Neuroscience

Zeng, Pirzgalska et al Domingos, Cell, 2015 Legend:
Perelra, et AI DomlngOS, Nature Comm, 2017 WAT= white adipose tissue (AT). BAT=Brow AT. BeAT= Beige AT



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

Fenfluramine (withdrawn 1997)

a : _~ Chlorphentermine Rimonabant
d Amphetam ine amphetamine _ _ (withdrawn 2008)
congeners Sibutramine
f | .
First Rainbow Pills Phenmetrazine ‘ s Lor;aserun
(withdrawn 1968) Phendimetrszine Dexfenfluramine (ZVgétg;:lrawn
ph . (withdrawn 1997) gavenda
2,4 Dinitrophenol . entermlnfe .
Thyroid Hormone (withdrawn 1938) D|ethylprop|9n Phen-Fen Orlistat
I Benzphetamine
1900 1933 1941 1947 1956 - 1960 1973 1992 1996-1999 2006 2012 2014
Indirect
Sympathomimetics
Inhibit reuptake of
norepinephrine

T. D. Miiller et al. Pharmacol Rev 2018 "Phentermine/topiramate
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Cx3cr1CFFh Pirzgalska et al Domingos , Nature Medicine, 2017
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SAMs
contribute to
Obesity
By importing
And
metabolizing
norepinephrine

Non-
neuronal

Pirzgalska et al Domingos , Nature Medicine, 2017



Mahu et al Domingos, Cell Metab 2020 |



pegAMPH is brain-impermeable
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Mahu et al Domingos, Cell Metab 2020



PegyAMPH does not induce hyperkinesia nor hypophagia

PBS AMPH PEGyAMPH

n.s.
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Mahu et al Domingos, Cell Metab 2020



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



increases thermogenesis
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increases thermal dissipation
and prevents hyperthermia

control

Mahu et al Domingos, Cell Metab 2020



PEGy-AMPH mitigates obesity
via thermogenesis coupled to heat dissipation

attenuation at thermoneutral temperature (32dgr)
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Mahu et al Domingos, Cell Metab 2020



PEGYAMPH does not trigger cardiac side effects
(= Blood pressure & = Heart rate)

200 - n.s. n.s.
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Mahu et al Domingos, Cell Metab 2020



Direct delivery to the brain triggers
cardiac side effects
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Mahu et al Domingos, Cell Metab 2020
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
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Mahu et al Domingos, Cell Metab 2020



Time line of pharmacotherapies used to treat obesity: the future

Fenfluramine (withdrawn 1997)

_~ Chlorphentermine Rimonabant
amphetamine e (withdrawn 2008)
ibutramine
: congeners
Desoxyephedrine . (withdrawn 2010) p
f | . ,
First Rainbow Pills Bhanmeteazine . _~ Lorcaserin (Withdrawn 2020)
(withdrawn 1968) Phendimetrazine Dedfenraming

(withdrawn 1997) Saxenda

* Phentermine
Diethylpropion

Benzphetamine

2,4 Dinitrophenol
(withdrawn 1938)

) Tirzepatide
Orlistat

Phen-Fen

1933 1941 1947 1956 - 1960 1973 1992 1996-1999 2006 2012 2014 2022

~Indirect
Sympathomimetics Sympathofacilitators
Inhibit reuptake of

norepinephrine

T. D. Miiller et al. Pharmacol Rev 2018 "Phentermine/topiramate



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

A descriptive study of adverse events from clenbuterol misuse and abuse for
weight loss and bodybuilding.

Spiller HA, James KJ, Scholzen S, Borys DJ.

Subst Abus. 2013;34(3):306-12. doi: 10.1080/08897077.2013.772083.

PMID: 23844963

BACKGROUND: Clenbuterol is a beta2-agonist approved in the United States for veterinary use in

nonfood animals. ...CASES: This was a retrospective chart review of clenbuterol exposures reported
to 2 poison control centers. Misuse of clenbuterol for weight los ...
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Obesity at the crossroads between
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