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„Referral of the day“ 

• Early born boy out of 36+0 gestational weeks
• birth weight 2275 g, length 44 cm

• APGAR 5/6/10

• oligoahydramnious since 26th week of gestation

• polycystic kidneys

• original plan: palliative care owing to an expected lung hypoplasia caused by early
oligohydramnious and polycystic kidney disease

• referral after 15 hours of life: 
• no need for ventilation

• first urine production observed after 22 hours of life, spontanously increasing to 2.5 ml/kg/h



Ultrasound presentation – „most likely ARPKD“ 

• bilateral enlarged hyperechogenic kidneys: volume 21ml/ 23ml
• blurred medullo-cortical differentiation
• multiple macro- and microcystic lesions in the cortex and medulla



• no arterial hypertension

• ultrasound appearance not quite ARPKD-typical

• …and then there was this additional hint

First doubts arising after a few days

hexadactyly on right foot

homozygous truncating variant in 
BBS12 gene (p.Arg386*) 



Ali, 2.5 years of age

• CKD IV
• eGFR 24 ml/min/1.73 m2

• polydipsia of >1500 ml/day

• reduced vision. 0.3-0.4 binocular

• BMI 19.5 kg/m2 (+2.2 SDSLMS) 

• muscular hypotonia

• delayed motoric and speech development



Bardet Biedl syndrome – etiology

• Rare inherited disorder

• Autosomal recessive inheritance

• Affecting multiple organs and systems

• Frequency varies
• 1:120.000-1:160.000 in North America and Europe *

• 1:13.500 - 1:36.000 in Bedouins and mixed Arab population **

• 1:3.700 in Faroe Islands ***

* *

**

***

George Bardet
(1885-1966)

Arthur Biedl
(1869-1933)



Clinical diagnosis

• Clinical criteria published by Beales et al. 

• Diagnosis requires the presence of

either at least 4/6 primary features

or 3 primary and two secondary features

Beales PL, et al.J Med Genet. 1999 Jun;36(6):437-46. www.ERKNet.org



Forsythe, Beales, European Journal of Human Genetics (2013) 21, 8–13
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Early signs/ suspicion for BBS

prenatal polydactyly

Hun Zun et al.; JUM 2007.26.4.529 Sablok et al.; Journal of Fetal Medicine  2020

hyperechogenic kidneys
+/- cysts

&



• polydactyly overall 63-81%

• all 4 limbs 21%

• only hands 8%

• only feet 21%

• brachydactyly 46%

• syndactyly 8%

(usually 2. &3. toe)

Sceletal abnormalities

brachydactyly syndactyly

polydactyly



Early developing obesity



Full clinical spectrum develops over time

polydactyly
end-stage

kidney disease
legal blindness

hypogonadism
behavioral 

disorder

structural
kidney

abnormalities

early onset
obesity

reduced night
vision

metabolic
syndrome

developmental
delay

0-2 years 0-10 years 10-20 years adulthood

progressive 
vision loss

average age
at diagnosis:

5.8 years
(CRIBBS)

9.0 years
(Beales)



(http://www.pro-retina.de
/simulation/retinitis-pigmentosa) 

Retinopathy
(100%)

https://mail.med.uni-heidelberg.de/,DanaInfo=www.pro-retina.de+


Developmental delay:

• often global 

• sometimes specific for some areas
• motor

• language

• speech delay usually responds well to
speech therapy

Behavioral abnormalities:

• obsessive, compulsive and ritualic behaviour

• anxiety

• emotional immaturity

• disinhibition

• hyperactivity

• depression

Developmental delay (66%) & behavioral abnormalities (33%)



males:

• cryptorchism

• micropenis

• small volume testes

females:

• malformed uterus

• irregular menstrual cycle

• polycystic ovaries

Reproductive system (59%)

reproduction

• generally difficult, but reports of some
who gave birth to children

(     >      )  



Hyposmia/Anosmia (50%)

(J Med Genet. 2020 Sep 11;jmedgenet-2020-107192.)



Secondary features (59%)

strabismus, cataracts, astigmatismusb

anosmia/olfactory dysfunction

congenital heart defects

liver and gastrointestinal 
disease

Hirschsprung disease

hearing loss

musculoskeletal
abnormalities

dysregulated immune and 
hematopoetic system

dental 
anomalies



Clinical overlap with other syndroms

Bardet Biedl
syndrome

Alström syndrome

Joubert syndrome

Senior Loken
syndrome

Meckel Gruber 
syndrome
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Genetic confirmation required



variants in up to least 26 BBS genes

Genetic background

• BBS1-BBS18 account for
70-80% of cases

• BBS1, BBS2 and BBS10
make up for 50% in 
western countries



BBS1, BBS2 and BBS10 most frequently effected

Khan SA, et al. Clin Genet. 2016 
Jul;90(1):3-15. 

Genetic background



350 BBS patients from the UK (2010-2014)

• 54% male
• 46% female

• genetic diagnosis in 256/350 patients

Forsythe E et al. J Am Soc Nephrol. 2017 Mar;28(3):963-
970.

BBS1

BBS10

BBS2

Dominating genotypes: BBS1, BBS10, BBS2
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German NEOCYST cohort



Also significant genetic overlap with other complex syndromes

Bardet Biedl syndrome

Senior Loken
syndrome

nephronophthisis

Joubert syndrome

Meckel Gruber
syndrome

Short rib
polydactyly
syndromes

Titieni, König; Med. Genetik 2018



McConnachie DJ, et al.. Am J Kidney Dis. 2021 
Mar;77(3):410-419. 

BBS – a model of non-motile ciliopathy

It has been shown that the genes involved in BBS encode proteins, that are responsible for the
function or development of cilia.



• PC transfer different stimuli from the extracellular milieu into the cell

• PC play a crucial role in several vital cellular functions including
• cell division
• polarity and 
• Metabolism

• PC structure consists of an microtuble-based axonema surounded by a ciliary
membrane

• PC contains >600 proteins

• No evidence of protein synthesis within the cilia, thus…
• … ciliary proteins need to be transported into and out of the cilium by

sophisticated transport mechanims

Physiological role of primary cilia (PC)

Bergmann C; Pediatrics 2012

Melluso A, et al. Ther Clin

Risk Manag. 2023 Jan 
30;19:115-132.



Role of BBS proteins for ciliary integrity

• Melluso A, et al. Ther Clin Risk 

Manag. 2023 Jan 30;19:115-

132.

• Novas R et al. FEBS Lett. 2015 
Nov 14;589(22):3479-91. 

• BBSome complex is constituted by BBS1, BBS2, BBS4, BBS5, 
BBS7, BBS8, BBS9, BBIPI1.

• BBSome regulates molecule traffiking to the ciliary
membrane.

• Chaperone like proteins BBS6, BBS10 and BBS12 assist in the
assembly of the BBSome. 

• BBS3-GTPase links the BBSome to intraflagellar transport.

• Link to BBS17 keeps BBSome at the basal body level.

• Retrograde transport from tip to base mediated by IFT-A.

• Antegrade transport (base to tip) mediated by IFT-B complex
including BBS19 and BBS20.

• BBS11 favours protein ubiquitination. 



Genotype-phenotype correlation

missense
mutation

frameshift mutation
splicing mutation

syndromic score

mild severe

Metaanalysis using data from 899 individuals from 85 articles

severe mild

syndromic score

BBS3

BBS1/BBS8

BBS2/BBS7/
BBS9

BBS6/BBS10
/BBS12

BBSome

BBS chaperonine Niederlova et al. Hum Mutat. 
2019;40(11):2068–2087 



Primary ciliopathies affect several organ systems –
and kidney involvement as a typical feature

McConnachie DJ, Stow JL, Mallett AJ. 
Ciliopathies and the Kidney: A Review. Am J 
Kidney Dis. 2021 Mar;77(3):410-419. 



Forsythe, Beales, European Journal of Human Genetics (2013) 21, 8–13
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Kidney involvement as a primary feature in BBS 
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Kidney involvement differs between genotypes



Clinical spectrum of kidney disease in BBS (53-62%)

unilateral 
agenesis

horseshoe kidney

prenatal
hyperechogenic
kidneys +/- cysts

persistent fetal 
lobulation

kidney dysplasia
uni-/bilateral

urine
concentrating

defect

renal scarring end-stage
kidney disease



Prenatal hyperechogenecity +/- parenchymal cysts

cortical & 
medullary cysts

(persistent or
temporary)



• benign kidney abnormality with no consequences
for kidney survival

Persistent fetal lobulation of the kidney



Structural genito-urinary anomalies (CAKUT)

common in BBS: 

• parenchymal and 
calyceal cysts

• hydronephrosis

• renal agenesis

• horseshoe kidney,

• vesicoureteral reflux,

• vaginal atresia,

• urogenital sinus

vaginal atresia urogenital sinus

renal agenesis horseshoe kidney megaureter



urogenital sinus

MRCOG Part One Your Essential Revision Guide
DOI: https://doi.org/10.1017/CBO9781107587519.012

https://mail.med.uni-heidelberg.de/core/books/mrcog-part-one/,DanaInfo=www.cambridge.org,SSL+CCAA1D9CD860FD03E7F71594C669DF8F
https://mail.med.uni-heidelberg.de/10.1017/,DanaInfo=doi.org,SSL+CBO9781107587519.012


• Focal dysplasia in one kidney without a medical
history of recurrent urinary tract infections
reported in 4 children (2 male/ 2 female) with BBS

Renal scarring



Kidney (Hypo-) Dysplasia

normal kidney

diffuse
cortical
thinning

kidney dysplasia

hypoplasia
reduced 

corticomedullary 
differentiation

Kohl et al, NDT 2022

Rodriguez MM. Fetal Pediatr Pathol. 2014 Oct-
Dec;33(5-6):293-320.



dysplasia

dysplasia & cysts

hydro-
nephrosis

scarred
or

atrophic

developmental
abnormality

177 ultrasound reports on BBS patients
• 49% unremarkable
• 51% structural defects

50% of BBS patients with „structural kidney defects“

Forsythe E et al. Risk Factors for Severe Renal 
Disease in Bardet-Biedl Syndrome. J Am Soc
Nephrol. 2017 Mar;28(3):963-970.



• Urine concentrating defect is a common dysfunction in many (renal) ciliopathies

• Precise underlying mechanisms are largely unknown

• Clinically resulting in hyposthenuria, polyuria and polydipsia

• Hyposthenuria is the most common kidney defect in BBS

Urine concentrating defect



Urine concentrating defect leading to polyuria/polydipsia
– a well known phenomenon

82%

n=32



• Some studies suggested AQP2 mistraffiking as the putative mechanism of hyposthenuria in BBS.

• Reduced urinary uromodulin excretion in BBS also suggested a pathophysiologic link of the thick ascending limb (TAL)

Pathophysiology of urine concentrating defect

Zacchia M et al. Kidney Dis 2017. 
Jul;3(2):57-65.



Study in a cohort of 54 Bardet-Biedl individuals

• 41 adults, 13 children

• GFR:
• <90 ml/min/1,73m2 61%

• 60-90 ml/min/1,73m2 22%

• <60 ml/min/1,73m2 16%

Urine concentrating defect

Mean max. Uosm after overnight dehydration = 
581.8 +/-215 mOsm/kg. 

- after excluding patients with eGFR <60 
ml/min/1,73m2 rate of hyposthenuria 56% 
(24/43 patients). 

Zacchia M et al. Clin Kidney J. 2020 

Dec 6;14(6):1545-1551.



1. Truncating mutations correlated with max-Uosm

2. Hyposthenuria significantly correlated with baseline eGFR as well as
decline of eGFR (DeGFR)

Urine concentrating defect



• Normal-high urine aquaporine 2 levels and

• normal NaCl absorption in furosemide test

suggested that neither a specific collecting duct nor a thick ascending limb dysfunctions are likely to play a central role in 
the pathogenesis of  hyposthenuria.

Pathophysiology of urine concentrating defect

Furosemide test

Zacchia M et al. Clin Kidney J. 2020 

Dec 6;14(6):1545-1551.



BBS patients also showed a deficiency in dilution of urine

Zacchia M et al. Am J Physiol Renal 

Physiol. 2016 Oct 1;311(4):F686-F694.

waterload DDAVP

overnight
fasting

BBS

control



Chronic kidney disease

CKD I-V



ESKD contributes majorly to overall mortality in BBS patients.

Melluso A, et al. Ther Clin Risk 
Manag. 2023 Jan 30;19:115-132.

Meyer JR, et al. Clin Genet. 
2022 Apr;101(4):429-441.

• median survival of BBS patients = 63 years
• 25% die before the age of 44 years
• 72% die because of renal impairment

Impact of CKD on BBS overall morbidity



Adults 41% CKD
(n=194)

Children 31% CKD
(n=156)

Forsythe E et al. Risk Factors for Severe Renal Disease in 
Bardet-Biedl Syndrome. J Am Soc Nephrol. 2017 
Mar;28(3):963-970.

Overall CKD in BBS patients (n=350)



Age at diagnosis of CKD in pediatric BBS

n=49



Forsythe E et al. Risk Factors for Severe Renal Disease in 
Bardet-Biedl Syndrome. J Am Soc Nephrol. 2017 
Mar;28(3):963-970.

Kidney survival

n=350   (0-60 yrs; peak 6-10 yrs)

CKD5  n=20  (5.7%)



BBS10 with a more severe kidney phenotype compared to BBS1

(n=92)

(n=27)

Forsythe E et al. Risk Factors for Severe Renal 
Disease in Bardet-Biedl Syndrome. J Am Soc
Nephrol. 2017 Mar;28(3):963-970.



Type of mutation rather than affected gene determine
the risk for severe kidney disease

Meyer JR, et al. Clin Genet. 
2022 Apr;101(4):429-441.



In contrast in a French cohort > 16 years of age (n=33) BBS6, BBS10 and BBS12 (chaperone
like proteins) genotype associated with a „more severe renal disease“ (CKD 2-3) .

Imhoff O, et al. Clin J Am Soc
Nephrol. 2011

Genotype-phenotype correlation

Chaperone like 
BBS proteins



CRIBBS registry: 

(Clinical Registry Investigating BBS) = global patient
self-reporting registry

• overall 607 patients registered (12/21)

• females 300, males 307

• 364 registrants molecularly confirmed
• BBS10 26,6%

• 44 patients with ESKD (7.2%)

Lessons from the CRIBBS registry



• ESKD in 37/364 genetically confirmed patients
(10.1%)

• Median age of ESKD 12.5 years

• 86,7% ESKD before 30 years of age

• Females over-represented (77,3%) in ESKD group

• Presence of uropathies and presence of diabetes
mellitus did not have a significant impact on the
occurance of ESKD (0.67)

• Risk factors:
• Female sex
• Truncating variants
• Genes other than BBSome/chaperon-like genes

Lessons from the CRIBBS registry (02/21)



Female sex associated with an increased risk for ESKD 

n=44 ESKD
34/44 female

10/44 male

Meyer JR, et al. Clin Genet. 2022 Apr;101(4):429-441.



Influence of variant severity

(n=364) (n=44)

Meyer JR, et al. Clin Genet. 2022 Apr;101(4):429-441.

Onset of ESKD earlier in individuals with two truncationg variants.



Influence of gene group

(n=364)
(n=44)

Meyer JR, et al. Clin Genet. 2022 Apr;101(4):429-441.



• pathogenesis of progressing CKD in BBS unclear

• hypertension, obesity and diabetes II are known risk factors

• renal hyposthenuria seems to be associated with faster decline of eGFR

• in vitro data suggest metabolic aberrations in the absence of BBS10
• increased aerobic glycolysis

• abnormal cytoplasmic lipid accumulation

• mitochondrial dysfunction

Pathogenesis of kidney disease in BBS

• Marchese E. et al. Int J Mol Sci. 2022;23(16):9420.
• Zacchia M. Kidney Blood Press Res. 2017;42(5):784–793 



Kidney Transplantation

• Kidney transplantation can be considered and has been shown
to result in favorable outcomes for patients with BBS.

• In fact, outcomes are comparable to those of the general
population.

• However, obesity should be a limit, especially for adult subjects.

• Increase of the median BMI of the renal transplant cohort
compared to the non-transplant cohort is reported….

• …Yet, obesity was not disproportionately severe in renal 
transplant recipients with BBS compared to the CRIBBS cohort.

Haws RM, et al. Renal transplantation in Bardet–Biedl
syndrome. Pediatr Nephrol. 2016;31 (11):2153–2161. 



Management –
many hand are required



Proposal for assessment

o Family history

o Anthropometric assessment, vital signs and accurate clinical examination

o Neuropsychological testing adapted to age and low vision

o Ophthalmological evaluation: complete eye examination, visual acuity, visual field testing, fundus examination, 

ERG (generally from 4–5 years of age) and, if necessary, visually evoked responses and optical coherence tomography (OCT) 

o Orodental assessment

o Audiometry

o Echocardiogram, electrocardiogram (ECG) 

o Abdominal ultrasound

o Analysis of renal function,including estimation of GFR,albuminuria, electrolytes and acid base balance; urine osmolality

o If neurological abnormalities are present, consider brain magnetic resonance (MRI) 

o Laboratory tests: liver function tests, complete blood count, electrolytes, creatine, urea, lipid panel, blood glucose

(HbA1c, oral glucose tolerance test for older children/adults), gonadotropins and sex hormones (if in age of puberty),  

thyroid hormones

o Genetic analysis and counseling. 
Melluso A et al. Bardet-Biedl Syndrome: Current Perspectives
and Clinical Outlook. Ther Clin Risk Manag. 2023



Summary

„When children drink lots and often eat plenty,

when their fingers and toes add up to higher than twenty,

when speech is delayed and the penis is burried,

when parents and doctors are equally worried,

when night vision is blurred or even a mess,

than go for genetics – it might be BBS. “

Thank you for your attendance!

J.K.



Genotypes associated with ESKD

overall CRIBBs          ESKD

BBS1 40,3%                10,8%
BBS10 26,6%               32,4%
SDCCAG8 <1,4%              13,7%

Meyer JR, et al. Clin Genet. 2022 Apr;101(4):429-441.
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Ciliopathies = a vast group of rare diseases



Developmental anomalies 
Polydactyly, 
brachydatyly

- Hands & feet +++ 
- Kidney development
- Genital malformations
- Heterotaxia (situs inversus)
- Hirschprung
- Congenital Heart Disease
- Oro-dental anomalies
- Cranio facial 
- Scoliosis

Neurodevelopmental features : 
Intellectual disability, speech delay, hyper 
emotivity, anxiety, autistic features ASD , dvp
psychiatric traits , … 
Anosmia ! 



Main manifestations 

• Kidney Disease: not obligatory ! reduced urinary concentration, end-
stage kidney remains quite rare structural anomalies + (incl.  urinary
tract), HBP, voiding dysfunction

• Hypogonadism (central & peripheral) : delayed puberty, genital
anomalies and abnormal testing of sexual hormones - No defect in 
spermatogenesis

• Endocrine : OBESITY (« truncal »)[20-86%] rapidly occuring, eating
disorder reported by parents/family ( hyperphagia), hypothyroidism
(20%), insulin resistance &  Diabetes type 2, metabolic disorders
>standard obese population, HBP 

• Sleeping  disorder non specific but has to to be explored



Obesity in BBS can begin in childhood and increase in severity with age 1 

Figure adapted with permission from Marshfield Clinic Research Institute, the research division of Marshfield Clinic Health System.
BBS, Bardet-Biedl syndrome; BMI, body mass index.
1. Katsanis N, et al. Hum Mol Genet. 2001;10(20):2293-2299. 2. Forsythe E, Beales PL. Eur J Hum Genet. 2013;21(1):8-13. 3. Marshfield Clinic Research Foundation. Accessed April 
24, 2020. https://www.bbs-registry.org/bbs-news/body-mass-index-patterns-in-bbs. 

Although
birth weight 

is normal, 
weight gain may 

rapidly occur 
in the first
year of life2

Mean BMI of patients with BBS by age3
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Bardet-Biedl Syndrome genetics

o Rare ~1/100000 - ~1/150000
o Autosomal recessive (digenic , oligogenic , triallelic )
o High level genetic heterogenity
o > 24 genes BBS (> 417 exons, ~53kb CDS, >  16879 aa)
o Clinical heterogeneity

o SANGER => PANELS => WES =WGS 



Genetic diagnosis
• > 25 genes
• 2 most frequent : BBS1 & BBS10  

HGNC Gene 
Symbol BBS Synonyms

BBS1 BBS1
BBS2 BBS2 BBS2L1
ARL6 BBS3 RP55
BBS4 BBS4
BBS5 BBS5
MKKS BBS6
BBS7 BBS7
TTC8 BBS8 RP51
BBS9 BBS9 PTHB1

BBS10 BBS10
TRIM32 BBS11 HT2A, TATIP
BBS12 BBS12
MKS1 BBS13

CEP290 BBS14 NPHP6, CEP290, MKS4, JBTS5, SLSN6
WDPCP BBS15 fritz, hFrtz

SDCCAG8 BBS16 CCCAP, NPHP10, NY-CO-8, SLSN7
LZTFL1 BBS17
BBIP1 BBS18 BBIP10
IFT27 BBS19 RAYL

IFT172 BBS20 NPHP17

CFAP48 BBS21 FLJ30600, CORD16, RP64, FAP418, MOT25, C8orf37

IFT74 BBS22 CCDC2
CEP19 BBS23 C3orf34

SCAPER BBS24 ZNF291
SCLT1 BBS25? Candidate

CEP164 BBS26? Candidate

NPHP1 ?

(adapted from GeneReviews) FBN3, …



• BBS is autosomal recessive

• Genetic tests:
Sanger (recurrent mutations BBS1 &10) 
PANELS ( variable , Kidney, RP, cilio, ect ) 
WES 
WGS (in first intention in France –PFMG)  

Biallelic pathogenic variants (class 4 or 5) for
positive molecular diagnosis…
Resolving class III 
Unsolved heterozygotes
Unsolved < 10%
Prenatal or preimplantory diagnosis

BBS Genetic diagnosis

• NGS has helped to solve cases
Example:  SVAF BBS1   

Retrotransposon insertion
(Tavares 2019, Delvallée 2021) 
• Founder variants such as La 

Réunion Island for BBS3 
(Gouronc et al, 2021) 

• Oligogenic inheritance : 
triallelism, second-site modifiers –
third modifier alleles
(Perea-Romero et al, 2022) 



New mutationnal
mechanism

Funder effect
La réunion Island BBS3 

Large series of Fœtus BBS



The photoreceptor is
a modified cilia



• Nyctaploia
• Visual field progressive constriction
• Loss of central vision 

• Imaging & Functional evaluation : 

BCVA, AERG, OCT, Autofluorescence, ect … 

• Fundus aspect :

– Calibre vasculaire réduit
– Ostéoblastes (migrations pigmentées)
– Pâleur papillaire 

Typical Retinitis Pigmentosa



Visual handicap & BBS 

• Visual impairement: the best eye is not more then
3/10 and/or the Visual Field not more then 20°

• Legal Blindness: better eye is not more then 1/20 
and/or the visual field is not more then 10°

• WHO 3 categories
• Category I : Severe visual impairement 

« counting fingers at 1m » 
• Category II : almsot blind : « see hand move at 

1m »  En pratique, le sujet voit bouger la main 
à 1 mètre.

• Catégory III : Total blindness no percpetion of 
ligth



Ciliopathies can lead to retinal degeneration
• Bardet-Bield : 100% penetrance for retinal dystrophy
• Usually occurs in childhood with early onset retinal degeneration
- Most common syndromic RP ( with Usher syndrome) 

• Early onset retinal dystrophy :    Diagnosis around 5-10 years old , 
starts around 4-5 years old

- Nyctalopia, photophobia, visual field defects , nystagmus, low
vision 

- Legal blindness around age 15
- Diagnosis relies on : retinal imaging and Electroretinogramm (ERG) 



Manifestations

- (early onset photophobia and 
nystagmus => Alström syndrome)  

- Difficult night /dim light vision 
(nyctalopia) 

- Visual field progressive restriction => 
clumsiness – bumping , … 

- Central vision can be affected early
=> playing – reading –color
impairement  , … 

- Secondary : nystagmus, strasbismus , 



Electroretinogramme ERG
• Test retinal cells with ligth stimulus 
• Alteration detectable even if fundus seems normal 





OCT et autofluorescence d’un patient  avec une 
rétinopathie pigmentaire:

-Perte des couches  externe de la rétine périmaculaire

-Zone ellipsoïde 

-=> correspondance avec anneau hyperfluorescent

Verbakel SK, et al, Prog Retin Eye Res. 2018



Retinal degeneration in ciliopathies
Photoreceptors have a ciliary
structure 

Many animal models for BBS  : 
Paramecium, Chlamydomonas 
Reinardtii, Trypanosoma brucei,
Caenorhabditis elegans, Dario, 
mouse, Rhesus macaque 

Mecanism 2 X  : accumulation of 
proteins in the Inner Segment 
and/or accumulation of unwanted 
proteins in the Outer Segment
that cannot return in the Inner 
Segment machinery

(Review Delvallee & Dollfus, in 
press) 

Seo and Datta 2017



1° PROTEIN OVERLOAD
2° ER STRESS
3° UPR Unfolded protein response

4° APOPTOSIS 

?RETINAL DEGENERATION Intra Flagellar Traffic (IFT)  ?



Clinical variability i.e the Retina
• Early onset RP
• Visual symptoms before the age of 5 
• ERG early defects => flat 
• Poorly sighted education
• Legal  blindness around 15 
• Adults are usuallly highly handicaped



Retinal dystrophy
- Rod-Cone & Cone–Rod most often
« global » 
- Late onset possible 
- Major central forms exists
Predominantly Cone-System Dysfunction as Rare Form of Retinal Degeneration in Patients With 
Molecularly Confirmed Bardet-Biedl Syndrome.
Scheidecker S et al Am J Ophtalmol 2015



Extreme phenotype:  
Maculopathy
(Scheidecker et al, 2015) 

•Polydactyly

•Mild learning difficulties

•Retinal degeneration since the age of 8

•Notion of nivaquine intake for a few months   

•BBS12 p.[P159L];[I346T]

HOMOZYGOTE for Mutation 
p.[M390R];[M390R] 
BBS1 gene
Polydactyly
Obesity
Slowness of mind
Psychiatric problems

RETINA :
VA diminishes at 9 years 
old 
Normal fundus at 10 
ERG normal at 14 
At 31  yo: AV OD 1/13ème

P4 et OG 2,4/10ème P4

Extreme phenotype: 
late onset….
(Scheidecker et al, 2015) 



ISOLATED and SYDNROMIC IRD’s: identical genes ? 

USHER SYNDROME  
• USH2A: Isolated RP or Usher syndrome (Seydahami et al, 

2004) 

CILIOPATHIES

• CEP290/NPHP6 (Den Hollander et al, 2006) 

• BBS3 (Aldahmesh, 2009) 

• BBS8 ( Riazzudin et al, 2010) 

• BBS1 (Estrada- Cuzanao et al, 2012)

• BBS10 (Grudzinka Pechhacker,2021)

• BBS21 (Kahn et al, 2016) 

• IFT 172 (Bujakowska et al, 2015) 

• IFT140 (Hull S, 2016) 

• AHI1 (N’Guyen et al, 2017) 
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Setmelanotide: 
MC4R agonist that restores the signal at the hypothalamic level

Satiety signal

LEPR

POMC

PCSK1

 Reduction of 
hyperphagia

 Increased energy
expenditure

 Weight and BMI 
reduction

 Improved quality of 
life

Leptin

MC4R
neuron

Setmelanotide MC4R agonist, mimics 
the action of α-MSH



In patients with BBS and obesity, after 1 year of treatment with setmelanotide:
- A clinically and statistically significant weight loss in adults
- an improvement in BMI z-score in children and adolescents
- a clinically significant reduction in hunger scores
- an increase in QoL scores

Setmelanotide was well tolerated in accordance with the profile established in previous trials

Phase 3 SETMELANOTIDE



Treatment of obesity and hunger control associated with genetically confirmed biallelic pro-opiomelanocortin (POMC) loss of function, including PCSK1 
deficiency or biallelic leptin receptor (LEPR) deficiency in adults and children aged 6 years and older

November 2020
FDA approval

July 2021
EMA approval

IMCIVREE® (setmelanotide) 

January 2022
Early access approval

in France

BBS indication extension - FDA and EMA
Treatment of obesity and hunger control associated with Bardet-Biedl 

Syndrome (BBS) in adults and children aged 6 years and older

June 2022
FDA approval

September 2022
EMA approval

BBS indication  - Early Access France
Treatment of obesity and hunger control associated with genetically 

confirmed Bardet-Biedl syndrome (BBS) in adults and children aged 6 years 
and older

July 2022
Early access approval

in France



Setmelanotide clinical development

Diseases PRECLINICAL PHASE 1 PHASE 2 PHASE 3 Registration Market
authorization

SETMELANOTIDE

POMC / PCSK1 deficiencies US
EU

US
EU

LEPR deficiency US
EU

US
EU

Bardet-Biedl Syndrome US
EU

US
EU

Alström

EMANATE trial:
- Heterozygous
POMC/PCSK1 & LEPR deficiencies -
- Heterozygous or homozygous
NCOA1 / SH2B1 deficiencies

Pediatrics trial (2 – 5 years)

Hypothalamic obesity

Weekly trial

DAYBREAK trial:
Genes involved in MC4R pathway



European Market Access: IMCIVREE® available in 8 european countries

 IMCIVREE® commercial availability since June 2022 for monogenic obesity and April 2023 for BBS

Germany
Monogenic

obesity
+

BBS

 Early access since January 2022 for monogenic obesity and since July 2022 for BBS

France
Monogenic

obesity
+

BBS

 IMCIVREE® commercial availability

Italy, NL,UK, 
Austria, TK, 

Spain 
Monogenic

obesity

since Q3-Q4 2022

since Q1 2023



Indication:
IMCIVREE® (setmelanotide) is indicated for the treatment of obesity and hunger control associated with Bardet-Biedl Syndrome (BBS),
in adults and children aged 6 years and older

BBS Early Access Program IMCIVREE® in France: 7th July 2022

Conditions for prescription and supply:
 Hospital prescription.
 Initial prescription and renewal reserved for specialists in endocrinology-diabetology-nutrition, pediatrics and medical genetics.
 IMCIVREE should be prescribed and monitored by a doctor specializing in obesity with underlying genetic etiology.
 Contact with the expert centers is recommended.

 Adult: BMI ≥ 30 kg / m² and/or hyperphagia
 Child ≥ 6 years old / Adolescent: obesity with weight ≥ 97e percentile

(BMI-Z score ≥ + 2DS) and/or hyperphagia

Eligibility criteria:

 Hepatic impairment

 End-stage renal disease

 Significant hypersensitivity to study drug

 Suicidal ideation

Non-eligibility criteria:



Multidisciplinary
meeting: joint 
committee of centers 
of reference
(PRADORT + CARGO)

Centers of reference

Treatment
approval

Data Collection

Practical modalities of treatment and follow-up of patients in France
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