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Mumber of obese men (millions)

The global epidemic of obesity

Lancet 2016; 387:1377-96

Trends in adult body-mass index in 200 countries from

1975 to 2014: a pooled analysis of 1698 population-based
measurement studies with 19.2 million participants
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Obesity is a genetic disorder
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Heterogeneity of the genetics of obesity

ENT

| |
MONOGENIC POLYGENIC
FORMS FORMS

-> Early-onset, severe Most common form
obesity (>90% of cases)
Heritability: ~70%

-> Syndromic forms of
obesity




Heterogeneity of the genetics of obesity
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Legacy of genome-wide association studies (GWAS)

-> GWAS: Hypothesis of ‘Common Disease, Frequent Variants’
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Legacy of genome-wide association studies (GWAS)
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Legacy of genome-wide association studies (GWAS)

ARTICLE

doi:10.1038/naturel4177

Genetic studies of body mass index yield
new insights for obesity biology
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Expression of obesity-associated genes
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Expression of obesity-associated genes
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Expression of obesity-associated genes
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Obesity-related GRS and diabetic kidney disease

7] . :
Jennifer N. Todd,»2 Emma H. Dahlstrém,34> Rany M. Salem,.2.6 Obes:ty has been pOSIted as an
Niina Sandholm,34-> Carol Forsblom,34 the FinnDiane Study Group, Independent risk factor for both
Amy J. McKnight,? Alexander P. Maxwell,7.# Eoin Brennan,® Denise Sadlier,10 diabetic and nondiabetic renal
Catherine Godson,? Per-Henrik Groop,34 Joel N. Hirschhorn,1.26 and .
Jose C. Florez6-11.12 disease.

However, epidemiologic studies
Genetic Evidence for a Causal Role of have produced conflicting

Obesity in Diabetic Kidney Disease results, and establishing
causality from observational data

Diabetes 2015;64:4238—4246 | DOI: 10.2337/db15-0254 . P
is difficult.”

A Progression to DKD B Progression to Macroalbuminuria

Hazard Ratio
Frequency




Obesity-related GRS and diabetic kidney disease

Jennifer N. Todd,’-?2 Emma H. Dahlstrém,34> Rany M. Salem,.2.6

Niina Sandholm,34-> Carol Forsblom,34 the FinnDiane Study Group,

Amy J. McKnight,? Alexander P. Maxwell,7.# Eoin Brennan,® Denise Sadlier,10
Catherine Godson,? Per-Henrik Groop,34 Joel N. Hirschhorn,1.2.6 and

Jose C. Florez6.11,12

Genetic Evidence for a Causal Role of
Obesity in Diabetic Kidney Disease

Diabetes 2015;64:4238—4246 | DOI: 10.2337/db15-0254
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Instrument

Risk factor
(gene)

U
Unmeasured
confounding

factors

Genetic risk Body mass
score index

Unmeasured
confounding
factors

Y
Outcome

Diabetic
kidney
disease

DKD (macroalbuminuria + ESRD)

Observational
OR (95% Cl) P-value

In 6,049 subjects with
type 1 diabetes, they used a
genetic risk score
(GRS) including 32 validated
BMl loci

4

Mendelian (instrumental variable)
OR (95% CI) P-value

FinnDiane —————1.02(1.00, 1.05) 0.13
UK-ROI I 1.01(0.99, 1.01) 0.44

US-GoKinD ——————— 0.99 (0.96, 1.01) 0.19
Overall [ 1.00 (0.99, 1.02) 0.62

(2 = 58.8%)

Macroalbuminuria

Observational
OR (95% CI) P-value

1.19(0.86, 1.66) 0.292

1.34 (1.10, 1.63) 0.002

—*— 1.37(1.13,1.67) 0.003

<> 133(1.17,151

(% = 0.0%)

)
)
)
)

<0.001

Mendelian (instrumental variable)
OR (95% CI) P-value

FinnDiane — — }1.07(1.04,1.10) <0.001
UK-ROI — ~  1.04(1.01,1.07) 0.006
US-GoKinD - 1.03 (1.00, 1.06) 0.068
Overall i 1.05 (1.05, 1.07) <0.001

(2 = 54.0%)

——————1.24(0.90, 1.72) 0.313
1.27 (1.02, 1.57) 0.029
1.32 (1.02, 1.71) 0.032

<> 1.28(1.28,1.49) <0.001

(2 = 0.0%)
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Legacy of genome-wide association studies (GWAS)
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Heterogeneity of the genetics of obesity
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Genes involved in non-syndromic monogenic obesity

= A central role of the Hypothalamus and of the Leptin-melanocortin pathway
in the regulation of food intake
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Genes involved in non-syndromic monogenic obesity
= A central role of the Hypothalamus and of the Leptin-melanocortin pathway
in the regulation of food intake

15( Monogenic
obesity genes
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Genes involved in monogenic obesity — LEP

TACOGC
GTAATTI
ACCGCT]
AATTTAC
TAATTTACCK
ACOGCTTALX
TAATTTACCC
GIAA i

Child B before leptin Child B after leptin
(wt = 42kg at 3yrs) (wt = 32kg at 7yrs)




Genes involved in monogenic obesity — MC4R

In Europe, the penetrance of MC4R mutations
IS generation- and age-dependent (Stutzmann et al. Diabetes 2008)

% BMI status at 20 years and 44 years in
family carriers

Penetrance (% of obese carriers)
is lower in old generations

- 21st century children carrying
MC4R mutations have 80% risk to
be obese.

- Only 10% of their parents carriers

TG P A P Were obese when young but
(10 y) (37y) (63y) currently 40% are obese




Genes involved in monogenic obesity — MC4R

Original Article Obesity
PEDIATRIC: OBESITY

Genetic Variants in LEP, LEPR, and MC4R Explain 30% of
Severe Obesity in Children from a Consanguineous
Population

Sa Saeed , A

All obese children are from
consanguinous families and are
homozygous for these mutations

Heterozygous MCA4R carrier
parents are NOT obese which
shows the key role of the
permissive environment in the
mutation penetrance




Genes involved in monogenic obesity — PCSK9

| Wide spectrum of phéﬁotypes related to PCSK1 variants

Homozygosity of highly deleterious variants / malabsorptive diarrhea, failure to
thrive during early infancy associated with high mortality rate, mild obesity...

Homozygosity (or compound heterozygosity) of less deleterious
l . variants / severe early onset obesity, malabsorptive diarrhea and
péher features (reactive hypoglycemia)

> Heterozygosity of highly deleterious variants
Ifamilial obesity (and glucose intolerance)

»——— Partial loss-of-function
heterozygous variants /
increased risk of obesity

Coding SNPs /
The number and the nature of the mutated mild increase in

alleles explain the severity of the obesity S ”Skogei?t?fgzg
phenotype and associated clinical features P iest variations

of both fasting
proinsulin and
fasting glucose

Variant frequency




Genes involved in monogenic obesity — SIM1

Loss-of-function mutations in SIM1 contribute
to obesity and Prader-Willi—-like features

Ameélie Bonnefond,Z2 Anne Raimondo,? Fanny Stutzmann,22 Maya Ghoussaini,23.5
Shwetha Ramachandrappa,® David C. Bersten,* Emmanuelle Durand,’22 Vincent Vatin, 22
Beverley Balkau,”-® Olivier Lantieri,? Violeta Raverdy,’3° Francois Pattou,’31%:1" Wim Van Hul,2
Luc Van Gaal,"®? Daniel J. Peet,? Jacques Weill,"* Jennifer L. Miller,"® Fritz Horber,18.17
Anthony P. Goldstone,'s'®8 Daniel J. Driscoll,'® John B. Bruning,? David Meyre,1:2.3,19
Murray L. Whitelaw,? and Philippe Froguel!.2:3.20

=> In 44 children with severe obesity and PWL, 198 children with severe
obesity, 568 adults with morbid obesity and 383 controls

Chromosome: 6; Location: 6q16.3-q21
S -
ik
Legend
& Basic helixdoop-helix

dimerization domain bHLH
e ! o PAS (PER-ARNT-51K)
SIM1 766 » Repeat domains
! : &= PAC [PAS-associated C-
amino-acid terminal) domain
i I _ ) . O 5 ngle-minded C-terminal
protein R . Single

N Adultes
*p.T46R; *p.E62K; "p.|128T: “p.Q152E; *p.H323Y; ‘p.R581G; *p.T714A; *p.D740H PWL

OR=21; P=9.3%x104




Genes involved in monogenic obesity — SIM1
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Genes involved in monogenic obesity — SIM1

T46R/H323Y/T714A mmms) “AGUIts with morbid obesity (N=9)

l - Developmental delay

OverwelgHt adult (N=1) - Intellectual disability
- Behavioural problems

- Facial dysmorphism

- No hypotonia no hypogonadism

CONCLUSIONS:




Renal failure and monogenic (syndromic) obesity

) Alstrom Syndrome and Bardet-Biedl syndrome

Alstrom Syndrome Typical Disease Progression

| U

Photophobia and Cardiomyopathy — Congestive Heart Failure

Progressive vision loss and blindness
Obesity
Insulin resistance / Hyperinsulinemia

Hearing loss
Liver Failure

Alstrom Syndrome is a progressive Type 2 Diabetes
disease. As the child grows older, more
medical complications become present. Kidney failure

Most children are lost in their
late teens and early twenties
due to these medical
complications.




Renal failure and monogenic (syndromic) obesity

mm— Alstrom Syndrome: due to recessive mutations in ALMS1

OPEN 8 ACCESS Freely available online

A Role for Alstrom Syndrome Protein, Alms1,
in Kidney Ciliogenesis and Cellular Quiescence

Guochun Li, Raquel Vega', Keats Nelms?, Nicholas Gekakis', Christopher Goodnow>?, Peter McNamara>", Hua Wu®,
Nancy A. Hongs, Richard GIynneI*




Renal failure and monogenic (syndromic) obesity

mm—) Bardet-Biedl syndrome

93%
69%
72%
98%
24%
(only 52% of patients had undergone renal examination)

54%
50%
33%
40%
6%
7%
NA
21%
NA
NA
NA
NA
NA
60%




Renal failure and monogenic (syndromic) obesity

mm== Bardet-Biedl syndrome

I'able 2 BBS genes identified so far (JFT intraflagellar transport)

Gene Method of discovery Chromosomal Cellular localisaiton Domains Putative function
location

BESI Linkage analysis 11gl3 Basal body/cilium None Cilia function

BRS2 Positional cloning 1621 Basal body/cilium None Cilia function/
flagellum formation

BBES3/ARL6  Linkage analysis 3pl2ql3 Basal body/cilium GTP-binding Vesicle trafficking

BBS4 Positional cloning 15q23 Pericentriolar/basal body  TPR/PilF Microtubule transport

BESS Comparative genomics 2g31 Basal body/cilium DM16 DUF1448 Cilia function/
flagellum formation

BBS6/MKKS Mutation analysis 20p12 Basal body/cilium TCP1 chaperonin Cilia function/
flagellum formation

BES7 Similarity to BBS2 4932 Basal body/cilium TPR/PilF IFT particle assembly

BESS/TTCS  Similarity to BBS4 14931 Basal body/cilium TPR/PilF IFT particle assembly

BESY/BI Homozygosity mapping  Tpl4.3 Unknown COG1361 membrane  Unknown

with SNP arrays biogenesis expressed in bone

cells

BESI0 SNP arrays 12g21.2 Unknown TCP1 chaperonin Unknown

BBSII/

TRIM32 SNP arrays 0g31-34.1 Unknown RING WD40 NHL E3 ubiguitin ligase

Barmotin B-Box
BBSI2 SNP arrays 4927 Unknown Type 11 chaperonin




Renal failure and monogenic (syndromic) obesity

|:> Bardet-Biedl syndrome

Absence of BBS proteins
/
raGL_/
No Flow

ol @

? Basal body
Canonical Wi
i

\/
2+
Ca Proliferation
Non-Canonical Wit 1
4 — . . -
- - -
™~ =, \.2‘}.\"'0!1“\“‘*\

DiMferantiaton
> .‘\12 P y “"-\..
LA

VUVYY

1|

—

Canoncal Wnt ¢
l

Proliferation

Putative pathomechanism for renal cystic hyperplasiain BBS



Take-home message

Obésité monogénique Obésité polygénique
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