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Congenital malformations/birth defects

• 2-3% of births

• WHO definition: Irreversible structural or functional 
anomalies that occur during intrauterine life and can be 
identified prenatally, at birth, or sometimes may only be 
detected later in infancy (e.g. hearing defects).

• CNS > heart > kidneys > limbs
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Primary abnormality

Defect in the structure of an organ or a part of an organ due to 
an intrinsic anomaly in its development (genetic origin).
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Secondary abnormality (disruption)

Interruption of the normal development of an organ that can be 
traced back to outer influences: teratogenic agents (infections, 
chemical substances, ionizing radiations) or a trauma (amniotic 
bands, vascular defect).

amniotic 
bands Poland syndrome

Thalidomide 
(Softenon®)

Congenital
Rubella

http://www.neonet.ch/cotm/assets/images/May_2004_-_Fig_2.jpg
http://www.neonet.ch/cotm/assets/images/May_2004_-_Fig_5.jpg
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Secondary abnormality (disruption)

www.embryology.ch
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Positional plagiocephaly Positional « club-feet »

(Deformation) 

Anomalies that occur due to outer mechanical effects on existing 
normal organs or structures (reversible, so no “birth defect”)

file:///G:/File:Clubfooting.jpg
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Dysplasia

Abnormal organization of the cells in a tissue

campomelic
dysplasia

Ectodermal dysplasia

Osteogenesis imperfecta

Achondroplasia
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Agenesia

Corpus callosum agenesia

The absence of an organ due to a development that failed to 
happen during the embryonic period

CC
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Hypoplasia
Underdevelopment or incomplete development of a tissue or 
organ during the embryonic period

Optic nerve hypoplasia
Enamel hypoplasia

Thymic hypoplasia
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Sequence

When one, single factor results in numerous secondary effects, 
leading to several anomalies (domino effects)

Potter’s sequence Pierre Robin 
sequence
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Syndrome
A recognizable pattern of multiple defects is described as a 
"malformation syndrome" when a common cause has resulted in a 
number of anatomically unrelated errors in morphogenesis (genetic 
or teratogenic origin)

Down syndrome Fetal alcohol syndrome
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Association

VACTERL association 

An association is defined as a combination of anomalies which 
occur together more frequently than by chance alone, but the 
origin is (still) unknown

http://www.google.be/imgres?imgurl=http://www.mdconsult.com/das/patient/body/0/0/10041/1101_en.jpg&imgrefurl=http://www.mdconsult.com/das/patient/body/0/0/10041/30372.html&usg=__hJ49ch4mAU52PP92dXjBAl_UoX4=&h=320&w=400&sz=23&hl=fr&start=1&itbs=1&tbnid=Cxr9ujjjWImXyM:&tbnh=99&tbnw=124&prev=/images?q%3Dkidney%26hl%3Dfr%26gbv%3D2%26tbs%3Disch:1
http://www.google.be/imgres?imgurl=http://static.howstuffworks.com/gif/adam/images/en/anterior-heart-arteries-picture.jpg&imgrefurl=http://healthguide.howstuffworks.com/heart-attack-and-acute-coronary-syndrome-in-depth.htm&usg=__gXNSo-zw6zt9H1jnbmBZWJwE4jY=&h=320&w=400&sz=15&hl=fr&start=15&itbs=1&tbnid=OyEEs2iI97mhoM:&tbnh=99&tbnw=124&prev=/images?q%3Dheart%26hl%3Dfr%26gbv%3D2%26tbs%3Disch:1
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MOLECULAR MECHANISMS

IN EMBRYOLOGY 

PHYSIOPATHOLOGY OF BIRTH DEFECTS





Developmental genes
(transcription factors)

Target genes

Induction 

Signaling molecules

Cellular proliferation, differenciation, 
migration, apoptosis processes

Signaling pathways

http://images.google.be/imgres?imgurl=http://www.constructeur-maison-isere.com/edsys/uploaded/DESSINATEUR-H-C-C.jpg&imgrefurl=http://www.constructeur-maison-isere.com/conseils.php&usg=__9CGvc3p_m2sSnXgyYygonQQHqfc=&h=1536&w=2048&sz=105&hl=fr&start=52&um=1&itbs=1&tbnid=DYT4q58szZemlM:&tbnh=113&tbnw=150&prev=/images?q=construction+maison+architecte&start=40&um=1&hl=fr&sa=N&rlz=1T4ADBF_frBE239BE242&ndsp=20&tbs=isch:1
http://images.google.be/imgres?imgurl=http://www.chloedesign-architecture-etude-travaux.com/macon.jpg&imgrefurl=http://www.chloedesign-architecture-etude-travaux.com/services.php&usg=__3VvKJ-byC5u9XF__bfBfTmTMxrg=&h=600&w=800&sz=169&hl=fr&start=12&um=1&itbs=1&tbnid=hhDcBrGS8MYaQM:&tbnh=107&tbnw=143&prev=/images?q=ma%C3%A7on&um=1&hl=fr&rlz=1T4ADBF_frBE239BE242&tbs=isch:1
http://images.google.be/imgres?imgurl=http://www.atelier-des-artisans.com/uploads/images/vitrier%20velux.jpg&imgrefurl=http://www.atelier-des-artisans.com/vitrier/&usg=__XlIuRdWNNANsWdjkOp7c1eCleu8=&h=388&w=310&sz=66&hl=fr&start=6&um=1&itbs=1&tbnid=mSRIxdhPC1oD9M:&tbnh=123&tbnw=98&prev=/images?q=vitrier&um=1&hl=fr&sa=N&rlz=1T4ADBF_frBE239BE242&tbs=isch:1
http://images.google.be/imgres?imgurl=http://www.ac-aix-marseille.fr/wacam/upload/docs/image/jpeg/2009-07/electricien.jpg&imgrefurl=http://www.ac-aix-marseille.fr/wacam/jcms/c_28195/les-principaux-diplomes-professionnels-et-technologiques&usg=__EiiqDnYYgl2Yxbz1MZUxuqlAoL4=&h=300&w=202&sz=24&hl=fr&start=14&um=1&itbs=1&tbnid=AunIYz95zt86LM:&tbnh=116&tbnw=78&prev=/images?q=%C3%A9lectricien&um=1&hl=fr&sa=N&rlz=1T4ADBF_frBE239BE242&tbs=isch:1
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Developmental genes

Transcription factors
- DNA binding domain

Several families
- homéodomaine proteins (Hox)
- zinc-finger proteins (ZFP)
- Paired Box proteins(Pax)
- basic Helix Loop Helix (bHLH)
- POU proteins
- Winged helix proteins
- T-Box proteins(TBX)
- Etc…



Signaling molecules

extracellular

intracellulair

ATP ADP
Protein 1

P

Protein 2

Protein 3

Transcription 
factor

réceptor

FGF, SHH, TGF-β, WNT,…

Regulation of target genes expression 

P

P

P





ILLUSTRATIVE EXAMPLE

LIMBS DEVELOPMENT



Limb buds at the end of the 4th week of 
embryonic development

TBX5 gene for the upper buds
TBX4 gene for the lower buds

TBX4

TBX5



HOLT-ORAM SYNDROME  (heart-limbs)

TBX5 mutation

Hello!



HOLT-ORAM SYNDROME  (heart-limbs)



FGF10

FGF10

http://www.neonet.ch/cotm/assets/images/May_2004_-_Fig_2.jpg


F.V.Mariani, Nature 2003, 423: 319-325 

AER



Limb growth

AER AER

AER: Apical Ectodermal Ridge 
BMP: Bone Morphogenic Proteins
FGF: Fibroblast Growth Factor

BMP
FGF4

FGF8



Diplopodia

Extrait de www.utm.utoronto.ca 

Apical Ectodermal Ridge Disruption

amelia

Terminal transverse 
limb defect

(amniotic bands)



Limb growth

AER AER

AER: Apical Ectodermal Ridge 
BMP: Bone Morphogenic Proteins
FGF: Fibroblast Growth Factor

BMP
FGF4

FGF8

Thalidomide
(Softenon®)



Phocomelia



Skeletal differenciation



Chr 7

Chr 17

Chr 12

Chr 2



Skeletal differenciation



HOXD13 mutation



Antero-posterior differentiation

ZPA

POST

ZPA: Zone of Polarizing activity
SHH: Sonic Hedgehog
Vit A: vitamine A (retinoic acid)

SHH
Vit A

ANT



Triphalangeal thumbs
ZRS gain-of-function mutation

(ZRS = ZPA Regulatory Sequence)

http://embryology.med.unsw.edu.au/notes/images/skmus/Polydactylia.jpg


Hum Mol Genet. 2008; 17(16): 2417–2423. 

Triphalangeal thumbs
ZRS gain-of-function mutation

(ZRS = ZPA Regulatory Sequence)

SHH overexpression



TADs
topologically associating domains



Guillaume Andrey, Stefan Mundlos
Development 2017 144: 3646-3658; 
doi: 10.1242/dev.148304 



Chr 2q35-q36



FAMILIES OF DEVELOPMENTAL SYNDROMES:

A FEW EXAMPLES
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CILIOPATHIES

Reiter et al, Nat Rev Mol Cell Biol, 2017
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Structural 
defect

Reiter et al, Nat Rev Mol Cell Biol, 2017
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Early 
ciliogenesis

Reiter et al, Nat Rev Mol Cell Biol, 2017
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Ciliary trafficking

Reiter et al, Nat Rev Mol Cell Biol, 2017
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Reiter et al, Nat Rev Mol Cell Biol, 2017
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3rd week of development: gastrulation
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Reiter et al, Nat Rev Mol Cell Biol, 2017
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Bardet Biedl Joubert

Meckel Gruber

Orofaciodigital type 1

Multisystemic diseases
- Brain
- Kidney
- Skeleton
- Eyes
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RAS/MAPK pathway (Tajan et al, Endocrine Reviews 2018)

regulation of the cell cycle, differentiation, growth, and cell senescence
(in neural crests, peripheral nervous system, nascent blood vessels 

and the early forming structures of the ear, eye and heart)

RASopathies
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Noonan Noonan with loose 
anagen hair

Costello Cardio-facio-
cutaneous

Noonan with 
multiple lentigines

Neurofibromatosis 
type 1

Legius syndrome
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• Dysmorphic features

• Cognitive impairment

• Failure to thrive

• Predisposition to cancer

• Congenital heart defect

• Skin anomalies
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TGF-β signaling pathway

skeletal, ocular, pulmonary, and cardiovascular development

Marfan

Loeys-Dietz

Shprintzen
-Goldberg

Aneurysm/
osteoarthritis

TGF-β signaling related diseases
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Marfan Shprintzen-
Goldberg

➢ Syndromic thoracic aortic aneurysm (TAA)

Loeys Dietz
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CHROMATINOPATHIES

Mossink et al, Cellular and molecular life sciences, 2020

Cohesine

COMPASS 
family

SWI/SNF 
family
= BAF 
family
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SWI/SNF (switching/sucrose non-
fermenting) chromatine remodellers

= BAF complex

Bögershausen et al, Frontiers in molecular neurosciences, 2018 

Polycomb 
repressive 
complex
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Nicolaides BaraitserCoffin Siris

“SWI/SNF-related intellectual disability disorders” 
(SSRIDDs)
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COMPASS complex
(histone-lysine methyltransferases)
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Lavery et al, Clinical epigenetics 2020

Di Fede et al, Eur J Hum Genet, 2021

Wiedemann-Steiner, KMT2A/MLL1
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Erasers Writers

Readers

Remodelers
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Skibbens et al, Plos Genetics, 2013

Cohesinopathies
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Cohesinopathies

Warsaw breakage syndrome (DDX11)

Cornelia de Lange (NIPBL, SMC1A, RAD21, HDAC8)

Roberts syndrome (ESCO2)
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Alpha-thalassemia
mental retardation

KBG syndrome

CHOPS 
syndrome

CdLS-like
syndrome

Warsam
breakage
syndrome

Roberts 
syndrome

Cornelia de Lange

MRD47
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Wiedemann-Steiner

KBG

CHOPS

Coffin-Siris

CdLS-like Rubinstein-Taiby

Cornelia de Lange
MRD23
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4th week of development: neurulation

Ross et al, Frontiers in Physiology. 2014

NEUROCRISTOPATHIES
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Mayor et al, Development, 2013

Neural crests: multipotent stem cells
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Vega Lopez et al, Developmental Biology, 2018
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Waardenburg
syndrome(PAX3)

22q11 
deletion

Hirschsprung



IPGIPGIPGIPG



IPGIPGIPGIPG

Clinical syndromes



Molecular syndromes 



Common signaling pathways



Therapeutic perspectives



AATDGTCGCGTTAACGTACTGACTTGACCATTT

AAATTGGTTCHGTAGACGAAGTCTATGGCTGG

CCGTCTGCATTGAAATGATGAAACGCGCGTGC

CGATACGATAGGAGGTCACTGCCGNCTGNCAT

TGAAACACCCATTGCAAGTCTATGGTTGGCCK

TCTGCATAAAACGUGCGTGCCGATAGCGCGTG

CCGATAGCGCGTGCCGATACGATAGGAGGTCA

CTAATTGGTTCCGYAGACGCGTAGACTGTAATC

GTGGTTGAAATGAATTGGTOCCGTAGACTGATA

CAGTAAATTGGTTCCGTAGACGGTACUGTAGG

CATGACCATGGTACGATGACGTCAATTGGTTCC

GTAGACTTAACGGTCATTGTCCGTACGGTTAAA

CCTGTAAATACCGTCGCGCGTTGACGTATTGTC

GTGGTCGAATGTACTATATAGACAATTGGTTCC
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