


Monogenic obesity
Leptin: Prevalence: <1 /1 000 000

3 years



Mono vs. polygenic obesity

Leptin POMC MC4R

Common obesity

Schematics after Akbari et al. Science 2021
Stuber, Schwitzgebel & Luscher, Neuron 2025



Mono vs. polygenic obesity

Leptin POMC MC4R

Common obesity
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Epidemiology: Common obesity

For the first time in recorded history, children are more likely to be obese than underweight

5-14 years old Overall > 188 mio



Epidemiology: Common obesity

< 5 years old

McGrosky et al. PNAS 2025



Ultra Processed Food (UPF) ~ BMI

T\

HDI: human
development
index

McGrosky et al. PNAS 2025



Energy expenditure correlates with BMI

Q o4

TEE: total energy expenditure

McGrosky et al. PNAS 2025



Systems regulating food intake

“Hunger”

Coronal (frontal) view



Systems regulating food intake

“Hunger”
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Systems regulating food intake

Eating because Eating even without
hungry Hunger

medial
Negative renforcement ‘"' Positive renforcement

lateral

Homeostatic M Hedonic

Stuber, Schwitzgebel & Luscher, Neuron 2025



Systems regulating food intake

Eating because

hungry
medial
Negative renforcement ‘"'
lateral
Homeostatic

Reciprocal interaction

Eating even without
Hunger

Positive renforcement

Hedonic

Stuber, Schwitzgebel & Luscher, Neuron 2025



Daily intake of sweet and fatty snacks modulate reward processing

Hedonic pathway



Homeostatic pathway MC4R

Paraventricular
hypothalamic

y N v ¢ *AgRPf

Ghrelin

\ Leptin

Arcuate nucleus AgRP: agouti-related protein



Diagnosis: common obesity
Dynamics of BMI changes in 34’196 children

Geserick et al, NEJM, 2018



Diagnosis: Monogenic obesity
BMI trajectory before age 5 years Cut-off: BMI 24 kg/m2 at 2 years

Obese
Overweight



Diagnosis: Monogenic obesity
Hyperphagia

* Insatiable hunger
* Food seeking behaviour
* Impaired satiety

 Emotional and behavioral
conseqguences around food



MC4* receptor deficiency
Hypothalamus

*melanocortin



MC4* receptor deficiency
7719 children: 4.1% pathogenic variants

3.2% het
0.7% hom
0.1% ch

Seven-transmembrane receptor
G protein—coupled receptor (GPCR)



Monogenic obesity
Leptin: Prevalence: <1 /1 000 000

~5’800 kcal/d

3 years



Homeostatic pathway
High morbidity and mortality in untreated leptin deficiency



Absence of POMC*
POMC: Prevalence: 1-2 /1 000 000

*proopiomelanocortin



Pro-opiomelanocortin

The dual role of a-MSH in regulating food intake and influencing hair pigmentation predicts that the phenotype associated with a defect
in POMC function would include obesity, alteration in pigmentation and ACTH deficiency
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Fisher et al, Nutrient in the Prevention and Treatment of Disease, 2001



Absence of PCSK1*
PCSK1: Prevalence: 1-4 / 1 000 000

Enteropathy

Early obesity

Diabetes insipidus
Hypogonadism

Central hypothyroidism
ACTH deficiency

*Proprotein convertase, subtisiline/kexin-type 1 Frank. Farcodi, Mol Gen Met 2013



CPE* deficiency

No mature alpha MSH production

* Obesity
e Intellectual
disability
CPE * Hypogonadotropic
hypogonadism

*Carboxypeptidase E



PHIP regulates expression of POMC
PHIP: Prevalence: <1 /1 000 000

PHIP

Marenne et al, Cell Met 2019
Collet & Schwitzgebel, Front Nutr 2024



PHIP regulates expression of POMC
PHIP: Prevalence: <1 /1 000 000

Chung Jansen Syndrome
Severe neurodevelopmental syndrome with:

* Intellectual disability

* Autism/behavioral problems
* Hypotonia

* Dysmorphic features

* Obesity in 55 - 70%

Kampmeier et al, Front Cell Dev Bio 2023



Bardet Biedel Syndrome (BBS)

BBS: Prevalence: <1 /100’°000; > 26 genes

Ciliopathy:

Maintaining LEPR localization at the cell

surface requires intact primary cilia

BBSome



Prader Willi Syndrome
PWS: Prevalence: 6 -7 / 100 000

* Hyperphagia

« Obesity

* Hypogonadism

* Muscular hypotonia



Prader Willi Syndrome

Chromosome 1511

Hingar et al, Advances in Genetics 2025



Prader Willi Syndrome

Genetics

 Deletion: more dysmorphism,
cognitive impairment, obesity

* Distinct neurodevelopmental
profiles



Genetic analysis

Whole exome sequencing

https://panelapp-aus.org/

https://panelapp.genomicsengland.co.uk/panels/130/



Genetic analysis monogenic obesity

521 patients: 5.8% monogenic obesity, 7.1% potential obesogenic variant

40% of patients with monogenic obesity carried variants in genes not included in current obesity panels

AUS: 55 genes/loci
ENG: 52 genes/loci Solved cases
Kinzel et al, Farooqi, Int Journal of Obesity 2025



Genetic analysis monogenic obesity

521 patients: 5.8% monogenic obesity, 7.1% potential obesogenic variant

40% of patients with monogenic obesity carried variants in genes not included in current obesity panels

Potentially solved cases
Kinzel et al, Farooqi, Int Journal of Obesity 2025



Treatment options

Hypothalamus

AgRP: agouti-related protein

Collet & Schwitzgebel, Front Nutr 2024
Stuber, Schwitzgebel & Luscher, Neuron 2025



Precision treatment

Leptin deficiency POMC deficiency
Leptin
\ Setmelanotide

Kihnen et al., NEJM 2016
Farooqi et al., NEJM 2017



Efficacy of Setmelanotide
POMC deficiency

LEPR deficiency



Treatment options



Summary

* Increasing obesity pandemic
* Homeostatic - Hedonic pathways
 Highlighted monogenic and syndromic obesity
» Diagnosis - clinical - genetic to be improved
* Precision treatment:
* Leptin LEP
 MC4R agonist: BBS, biallelic POMC, PCSK1, LEPR




