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DEFINITIONS




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.qg. hearing defects).

« CNS > heart > kidneys > limbs

Unknown etiology

- Multifactorial inheritance

- | Chromosomal abnormalities
b

Mutant genes

Environmental agents -
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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).




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 (amn/ot/c
bands, vascular defect).

Thalidomide
(Softenon®)

amniotic
bands Poland syndrome

Congenmal

Rubella @
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Secondary abnormality (disruption)

heart: Bl week 210 4)

genitals: (week 8 to 9)

brain, skeleton: [always)
lip, jaw, palate: B (week 4 to 6)
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(Deformation)

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

Positional plagiocephaly Positional « club-feet »
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Dysplasia

Abnormal organization of the cells in a tissue
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Achondroplasia

campomelic '
dysplasia @
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Agenesia

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

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

M el
NORMAL

MODERATE SEVERE

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)
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Adrenal--qg

Right Flank Left Flank
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Potter’s sequence Pierre Robin @
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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 4
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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

Imperforate anus

rALAM

VACTERL association


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
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MOLECULAR MECHANISMS
IN EMBRYOLOGY
PHYSIOPATHOLOGY OF BIRTH DEFECTS
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Induction

Slgnalmg molecules

Developmental genes
(transcription factors)

Cellular prollferatlon, differenciation,
mlgrat|on, apopt05|s processes
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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...




Signhaling molecules

< > FGF, SHH, TGF-B, WNT....

receptor

extracellular

®

Protein 1

Protein 2

<

intracellulair
Protein 3

Transcription
factor

PEOFOD

Regulation of target genes expression




Growth factor
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ILLUSTRATIVE EXAMPLE
LIMBS DEVELOPMENT

5 weeks 6 weeks 8 weeks




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

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




HOLT-ORAM SYNDROME (heart-limbs)
TBX5 mutation

Brachymesophalangia
Short middle phalanx

ofa digi’l
il ,/" Thumb
( © - Aplasia
- Hypoplasia Hello!
- Triphalangeal
thumb 7 N &

Little Finger | /
Clinodactyly /

- radial
deviation
. . | ) /
Carpal Bones | == - 4
-Synostoses | | "edy
- Hypoplasias |

- Additional bones

Radial deficiency
- Complete / partial
absence of the
radius

Congenital heart disease
- Atrial septal defects
-Ventricular septal defects
- Conduction defects
(leading to bradycardia or fibrillation)




HOLT-ORAM SYNDROME (heart-limbs)






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

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




Limb growth

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




Apical Ectodermal Ridge Disruption

[AER Conirols Limb Development]

Umb Bud
o imb
development
AER i 4
t removed

Nomal
development Sy

Extrait de www.utm. utoronto ca

v

amelia

Terminal transverse
limb defect
(amniotic bands)

Diplopodia



Limb growth

Thalidomide
(Softenon®)
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;%ﬁa AER
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AER: Apical Ectodermal Ridge
BMP: Bone Morphogenic Proteins
FGF: Fibroblast Growth Factor




Phocomelia




Skeletal differenciation

Hoxa, Hoxd
9 10 11 12 13




Chr 7
Chr 17
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Skeletal differenciation

Hoxa, Hoxd
9 10 11 12 13




HOXD13 mutation

Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key
2g31.1 ?Brachvdactyly-syndactvly syndrome 610713 3
Brachydactyly, type D 113200 AD 3
Brachydactyly, type E 113300 AD &
Syndactyly, tvpe V 186300 AD 2
0 3

Synpolvdactvly 1 186000 AR
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Antero-posterior differentiation

ANT

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




Triphalangeal thumbs

ZRS gain-of-function mutation
(ZRS = ZPA Regulatory Sequence)



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

Triphalangeal thumbs

ZRS gain-of-function mutation
(ZRS = ZPA Regulatory Sequence)

SHH overexpression

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




: Promoter

_Aa

RNAP Il Repressed TAD
compartments

L]
. » \ .
g . Active TAD Nuclear
? * compartments :
L’ \ lamina
- \
Chromosomal territories p N
within nucleus , ¥
7/ 3 &
’, \
4 \
i . . \
C P TAD interactions \
\
" ’ \
’ \
, \
s \
’ o \
’ A ) S \
7’ £ z" \\\ \
s 7 NS \
z i, —————— - ~ \
’ - 4 Ny e S N, \
4 P Vi s 2N Sy \
7 POt ’ 7 2 S \
5 R S Tt \\ \ \ \

. Regulatory element

» Gene

. TAD boundary

TADs
topologically associating domains




TAD 1 TAD 2 /\>\

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




TAD structure
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FAMILIES OF DEVELOPMENTAL SYNDROMES:
A FEW EXAMPLES




CILIOPATHIES

Motilejcilium Non-motlile cilium
{ \ B
Typical structures -
r —Inner dynein arm B
Ciliary—, ; ) I
memt;r;anr}el —Outer dynein arm I 0 @D Q .
Signallin - Nexin—-dynein ;o 8 A
gproteig —& ~regulatory E v 9}-—.- Doublet
+ complex Va -\ [ | microtubules
QE) —Central pair (fibre) 2 oy Q !
Q] —Radial spoke 2 S @ ® :
g ' g :
* < S R S M T S
Plasma INV% i a) !
membrane\ k| - = % : i < >, 2 <$‘
y \ | T am | \
> < 'o' v ﬁ 1~ Basal body triplet 3 4 _\ I >~6 g—‘L—lTransition
Basal{/ 1 ( \ &J\ microtubules [ G \% z;m'ek
body ‘ 1 = % & - Distal appendage i % © g(  (Ylinks)
Subdistal 4 % . (transition fibres) i $ = |
appendage q
Functions | A Y
Cellsignalling  Chemosensation (e.g. for noxious compounds) * Hedgehog * Cyclic nucleotide (cAMP, cGMP)
* Receptor tyrosine kinase (RTK)  * Calcium (PKD1, PKD2, etc.)
Motility * Sperm locomotion * Nodal flow
» Cerebrospinal fluid flow * Fallopian tube flow

» Respiratory airway clearance

1

Reiter et al, Nat Rev Mol Cell Biol, 2017 @
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a Motile cilium structure b Ciliopathy proteins ¢ Associated ciliopathies
~ L A L ~N L Y
1! Y

it
" Motility apparatus (1)10

St r u Ct u ra I i - {Centralpair D)) [ Outer dynein arm, ~ (1) Cilia motility, respiratory, brain,
2D ' | « DNAHS ’ inner dyneinarm heart, organ placement, sperm
g . | *HYDIN * ARMC4 * DNAI1 Primary ciliary dyskinesia (PCD)
d e fe Ct | | = RSPH4A )| +CCDC103  « DNAI2 \ J
(Nexin—dynein i : ggggg: : gﬁ)}(\lL(lZl @) Multi-systemic (primary cilia),
requlatory complex brain, kidney, skeleton, eyes
SgUAORLCOmp * C210RF59  « HEATR2
« CCDC39 * DNAAF1 * LRRC6 * Bardet-Bied| syndrome (BBS)
* CCDC65 * DNAAF2 * NMES * Carpenter syndrome (CRPT)
« CCDC40 = DNAAF3 = SPAG1 * Hydrolethalus syndrome (HLS)
* DRC1 * DNAAFS * TTC25 * Joubert syndrome (JBTS)
* GAS8 * DNAH1 * ZMYND10 * Oculocerebrorenal syndrome
/| * DNAHS of Lowe (OCRL)
Radial spoke @ k’ DNAH11 (2 Meckel syndrome (MKS)
« DNAJB13 * MORM syndrome
« RSPH1 * Pallister-Hall syndrome (PHS)
« RSPH3 \' Senior-Leken syndrome (SLSN)
* RSPH9 =
2 e s (3) Brain

Cytoplasm * Holoprosencephaly (HPE)
| PIH1D3 * Juvenile myoclonic epilepsy (IME)

* Medulloblastoma

Regulation of centrioles and

| ; :é transcription in multiciliated cells @) Eyes
" Basal | ® CCNO * Leber congenital amaurosis (LCA)
r T body | * MCIDAS ) « Cone-rod dystrophy (CRD)
Plasma * Retinitis pigmentosa (RP)
membrane - -
(5) Kidney

* Nephronophthisis (NPHP)

* Polycystic kidney disease (PKD)
Non-motile cilium

; structure (6) Nose 7
A i 5 Anosmia, isolated congenital
.| Axoneme and signalling i 3
| NN ~ N aNA ™
& [0)) A | @000 0O®OW (7) Organ placement, heart
Q | | ©ADCY6  <EFHC1  +PKD1 * Congenital heart disease (CHD)
9 : zuﬁgg : (F_‘.LP(I:RI\IIGI : gig%u » Situs inversus, heterotaxy
|| sCEP41* e iCK* * PKHD1 .
@ © | |.cNGA1  «INPPSE  «RAB23 (8) Skeleton
{ * *
(@ i : gugg:l : :2%21 : 23%0\08 . (E;llig—van Chrelveld[syndéomel(EVC]
|Doublet MTs| | * CZORF71  « NEK1 « USPax 2 sy':c‘,?(f:,‘; FOROYSYCREHYY,
il Tl (1€ 4 [0, {78 OCRL'* * Jeune asphyxiating thoracic
\ Signalling ] * DCDC2 = PIK3R4 dystrophy (JATD)
| protein ¢ r 5 . Ozz;iﬁoﬁigital syndrome (OFD)
'. . Cilium tip @@@ I?J::‘liﬁscye‘t?:so" Golgi, * Short-rib thoracic dysplasia (SRTD)
! ;| *CEP104* eKIF7 DD (DG G
& [ lez esuru |[QQOOEOE (@) Ears
f -\ AL | SAK7 SPOMONLL Hearing loss
* DDX59 * TBC1D32
2 INV @) ||« GALNT11 « XPNPEP3
compartment * GLIS2 * ZNF423 @ Various
3 PIK3R4*
> Exc :PHP?' < /| Birt-Hogg-Dubé syndrome
* EVC2 * NEK8 * Lethal congenital contracture
* INVS , syndrome (LCCS)
et * Male infertility ' -
> B Pg: Cs—;)r iption factor * Pituitary stalk interruption
> < “ syndrome (PSIS)
r * CRX * Polycystic kidney disease and
|=ZIC2 | hepatic disease

Reiter et al, Nat Rev Mol Cell Biol, 2017 4  1pG



a Early ciliogenesis

b Ciliopathy proteins

¢ Associated ciliopathies

( { N
E a rI y . (Centriole or basal body ) [(1) Cilia motility, respiratory, brain,
\ \ @@@@@@@@ heart, organ placement, sperm
Ci I i O e n e S i S « ALMS1 « FAM161A o PLK4 Primary ciliary dyskinesia (PCD)
ﬂ“r *ARL2BP  *FLCN*  «POCIB : - . R
- « CENPF s HYLS1 « POC1A @ Multi-systemic (primary cilia), brain, kidney,
MOthe{ = CEP19 s INTU * RAB28 skeleton, eyes
centriole * CEP41* * KIAAO556 = RP2* . 5
(basal body) «CEP78  oKIZ B (enmomiene B
« CEP104* o NEK2 « TAPT1 SEoACH ;jndfg:,emme‘
b, CEE})ZO % NME7* * TOPORS » Complex lethal osteochondrodysplasia
* CSPP1 * OCRL * TTLLS * Hydrolethalus syndrome (HLS)
* C2CD3 e OFD1* * TUB . b d BTS
«C210RF2 PIBF1 « WDPCP Joahert opuhnie B TSI
* Oculocerebrorenal syndrome of Lowe (OCRL)
AN = (== * Morbid obesity and spermatogenic failure
o Distal appendage « Meckel syndrome (MKS)
‘ vesicl)e; @@@ * Senior-Leken syndrome (SLSN)
: ( | « CEP83  SCLT1 L Simpson-Golabi-Behmel syndrome
i” \ « CEP164 « TTBK2 o
€, .
Basal body" 1 Subdistal appendage L Stramme syndrome (STROMS)
trafficking
|+ CC2D2A (@) Eyes
Cili == ~ | * Leber congenital amaurosis (LCA)
h' :a:gx Transition zone * Cone-rod dystrophy (CRD)
shea .‘ 000060 | * Retinitis pigmentosa (RP)
| >_ I =
AHI1 * NPHP4 ¢ TCTN3 ;
alll=] « B9D1 * RP1 cTmem1y | | Kidney
= BOD2 * RP1L1 * TMEM67 * Nephronophthisis (NPHP)
. EE&%ZOQ* . gggs:gl . mgm% » Polycystic kidney disease (PKD)
. L] E
* C50RF42 « RPGRIP1L «TMEM216 ((D Organ placement, heart
el +1QCB1*  « SDCCAGS* » TMEM231
docking » LCAS s SPATA7 s TMEM237 \Situs inversus, heterotaxy
Periciliary | * MKS1 * TCTN1 —
membrane | *NPHPL  +TCTN2 | [® Skeleton
7 = ~ * Axial spondylometaphyseal dysplasia
Centriolar satellites » Orofaciodigital syndrome (OFD)
@@@@@@ ¢ Short-rib thoracic dysplasia (SRTD)
D— * BBS4* s CEP290* (7o)
> || =< ||| » ccDC28B = KIAAO753 Ol
= _* CFAP53 * OFD1* | Hearing loss
- Unclear or various localization (10 Various
asma A 7 '
membrane ®®®J’@® * Birt-Hogg-Dubé syndrome
* ATXN10 * NEK9 ¢ Lethal congenital contracture syndrome (LCCS)
* CFAPS52 * TULP1 * SOFT syndrome
. =t

2 Spinocerebellar ataxia (SCA)

1

&,

Reiter et al, Nat Rev Mol Cell Biol, 2017 -( IPG



Ciliary trafficking

a Ciliary trafficking

b Ciliopathy proteins

¢ Associated ciliopathies

r R

( \I

( h

@

Q‘ 3
Retrograde
IFT

‘Anterograde |
I‘AIFT
B
Lipidated
protein
transport
Lipidated';’
protein
>— —
— > —<
~  [Vesicular |
o - esicular
Lipidated E Am,
cargo L
trafficking A
machinery o

.

(fIFI’ subcomplex A (2)(4)(5)(8)

IFT dynein subunits 1

* DYNC2H1 « TCTEX1D2 * WDR60
_*DYNC2LI1 * WDR34

>
™

-
IFT kinesin subunits

No known association with ciliopathieSJ

™

* |FT43 * IFT140 * WDR19
(*IFT122  «TTC21B  WDR35

'BBS proteins

BBSome (IFT-associated) @)@)

* ARL6 * BBS4* * BBS9
* BBS1 * BBSS « TTC8
* BBS2 * BBS7

BBSome regulators (2)(4)(5)(8)
*BBIP1  « CBORF37 * SDCCAG8*
*BBS10 ¢ LZTFL1 < TRIM32
*BBS12  * MKKS * WDPCP

» CEP290* » MKS1*

(IFT subcomplex B (2)(4)(5)(8)

* CLUAP1 ITF57  [FT172
«ITF27  «IFT80  « TRAF3IP1
*IFT52 < IFT81

J

Golgi

(UFT 2)(2) )
ARL13B  +PDE6D = UNC119
(*ARL3  «RP2 |

(IFT cilia requlators (2)(4)(8)

e FAMS8A  « ICK* * MAK

/® Multi-systemic (primary cilia),
brain, kidney, skeleton, eyes

* Bardet-Bied| syndrome (BBS)

¢ Joubert syndrome (JBTS)

* McKusick-Kaufman syndrome
(MKKS)

* Senior-Leken syndrome (SLSN)

2 STAR syndrome

(@ Eyes

* Leber congenital amaurosis (LCA)
* Cone-rod dystrophy (CRD)
| Retinitis pigmentosa (RP)

@ Kidney y

* Nephronophthisis (NPHP)
* Orofaciodigital syndrome 1 (OFD1)
k. Polycystic kidney disease (PKD)

.
( Skeleton \

* Cranioectodermal dysplasia (CED)

¢ Ellis-van Creveld syndrome (EVC)

* Jeune asphyxiating thoracic
dystrophy (JATD)

* Orofaciodigital syndrome (OFD)

7\

i Short-rib thoracic dysplasia (SRTD)/

Reiter et al, Nat Rev Mol Cell Biol, 2017
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3" week of development: gastrulation
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[ Skeletal anomalies
(polydactyly, rib cage)
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(Infertility
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Hypogonadism
Genital anomalies
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\ Facial anomalies

N

P
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» Ataxia

* Epilepsy

* Mental disability

* Brain malformations

-Brain

N )

ydrocephalus

N/ \\_)

Reiter et al, Nat Rev Mol Cell Biol, 2017
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Multisystemic diseases
Brain
- Kidney
- Skeleton
Eyes

|

Orofaciodigital type 1 @
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RASopathies

RAS/MAPK pathway (1ajan et al, Endocrine Reviews 2018)

1.,'1;,] )/ RAS RAS
nlicy activators inhibitors
RTK
GRBZ [ RASGAP ]
SPRED
GABT SHP2 \n/r MRAS / B
PIPNTT S pons RAS HRAS
= NRAS = KRAS

CBL

l [ stoc2 | [ pric | Rar
SHoc2  pppic  activators

3
RAF1  B-RAF B NS-ML
' NS
MEK NS-LAH
cs
MEK1 | MEK2 S
NF1
© 2018 ENDOCRINE SOCIETY ERK1 /2 . LS

\

regulation of the cell cycle, differentiation, growth, and cell senescence
(in neural crests, peripheral nervous system, nascent blood vesseIS@
and the early forming structures of the ear, eye and heart) 4
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NS

~1/1500

Webbed neck?
Dolichocephaly2

Cardiac conduction
abnormalities (NSML)?
Multiple lentigines (NSML)?
Frequent sensorineural
deafness (NSML)?

Full lips'?

Deeply grooved philtrum?> Broad forehead®

Posteriorly rotated ears®>
Eyebrow abnormalities®®
High-arched palate®®
Hypertelorism3

Ptosis®
Septal defects?®
Lymphatic
abnormalities
Vision defects®®

23

Bitemporal
constriction®

Hypoplastic
supraorbital ridges®
Formation of nevi®

CFC
Rare

Epicanthal folds®®
Relative macrocephaly”3
Down-slanting palpebral fissures
Pulmonary valve stenosis®
Hypertrophic cardiomyopathy3
Developmental delay '3
Predisposition to cancer®
Chest dei’ormi’tyz’3
Short stature®
Hair abnormalities>
Skin abnormalities '
Feeding difficulty’?*
Failure to thrive™??

Coarse facial features®
Broad nasal bridge3
Teeth defects®’
Intellectual disability®
Abnormal fingernails’
Hypotonia' 3

3

~1/3000

Bone defects®
Lisch nodules®
Optic pathway glioma®

NF1 Neurofibromas®
Macrocephaly®
Learning disabilities®
Café-au-lait maculae®
Freckling®
LS
Undescended Chest deformity®
testes?
Rare
Atrial tachycardia3
Tight Achilles tendon’
Deep palmar or Key
plantar creases’
Formation of papilloma’ NS
Ulnar deviation of
wrist and fingers® CFC
CS
NF1

LS

Facial defects
Cardiac defects
Other defects

CS

Rare

Jingal et al, Disease models and mechanisms, 2015
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The RASopathies

Syndrome Gene  Chromosome Protein function Clinical phenotype
location

Autosomal dominant SYNGA4PI 6p213 RasGAP Typically nondysmorphic to mild dvsmorphic craniofacial features, moderate to severe intellectual
intellectual disability, global developmental delay with behavioral issues, autism spectrum disorder, ophthalmologic
disability.type 5 findings, hypotonia, seizures.
Capillary RASAI 5q14.3 RasGAP Nondysmorphic craniofacial features. multifocal capillary malformations which may be associated with
malformation-AV arteriovenous malformations and fistulae.
malformation
Cardio-facio- BRAF 7q34 Kinase Dysmorphic craniofacial features, congenital heart defects, failure to thrive with short stature,
cutaneous MAP2KI  15q2231 Kinase ophthalmologic abnormalities, multiple skin manifestations including progressive formation of nevi;

MAPIKZ 19p132 Kinase variable neurocognitive delav: hypotonia, may be predisposed fo cancer

KRAS 12pi2.1 GTPase
Costello HRAS 11pl5.3 GTPase Dysmorphic craniofacial features, congenital heart defects, failure to thrive with short stature,

ophthalmologic abnormalities, multiple skin manifestations meluding papilloma; variable
neurocognitive delay; hypotonia; predisposition to cancer.
Legtus SPREDI  15q14 Negative Café-au-latt maculae. intertriginous freckling, normal to mild neurocoenitive impairment,
Regulator macrocephaly; unclear predisposttion to cancer.

Noonan PTPNII  12q24.1 Phosphatase Craniofacial dysmorphic features, congenital heart defects, short stature. undescended testicles,

S081 2p22.1 RasGEF ophthalmologic abnormalities, bleeding disorders, normal to mild neurocognrtive delay; predisposition

RAFI  3p25i Kinase L cancer

KRAS 12p12.1 GTPase

NRAS 1pl13.2 GTPase

SHOC2 10g25.2 Scaffolding

CBL 11q23.3 Ubiquitin ligase

RRAS 19q13.33 GTPase

RITI 1q22 GTPase

RASA2 3q23 RasGAP

S082 14q213 RasGEF

MAP3KS  10pl1.23 Kinase

SPRYI 4q28.1 Inhibitor

MYST4 10q22.2 Acetyltransferase

LZTRI 22q11.21 Adaptor

A2MLI 12p1331 Protease

inhibitor

Noonan with multiple PTPNII 129241 Phosphatase Same as Noonan syndrome but may develop multiple skin lentigines as individuals gets older; unclear
lentigines RAFI  3p2si Kinase predisposition to cancer.
Neurofibromatosis 1~ NF 17q11.2 RasGAP Café-au-lait maculae. intertriginous freckling, neurofibromas and plexiform neurofibromas, iris Lisch

nodules, osseous dysplasia, optic pathway glioma, normal to mild neurocognitive delay; predisposition

to cancer

Dysmorphic features

Failure to thrive

Predisposition to cancer

Tidyman et al, Hum Mol Genet, 2016
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TGF-B sighaling related diseases

TGF-B signaling pathway

Loeys-Dietz

6 Shprintzen

-Goldberg

Aneurysm/
osteoarthritis

‘l’ 4
skeletal, ocular, pulmonary, and cardiovascular development _(QPG




Marfan Loeys Dietz Shprintzen-
Goldberg

1

» Syndromic thoracic aortic aneurysm (TAA) (4
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CHROMATINOPATHIES

Genome Epigenome

» L1 . . “\ A\ Ub

TR L »
"
RS Ll ‘E

il Ub
Ub
D N
e

-

DNA modifications ~

Me

J W‘.’“

Cohesine

Mossink et al, Cellular and molecular life sciences, 2020

territo i -
AR Histone modifications = BAF
58 family

4

Chromosome COMPASS SWI/ SNF
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SWI/SNF (switching/sucrose non-
fermenting) chromatine remodellers
= BAF complex

Polycomb
repressive
complex

nucleosome
movement —* DNA accessibility == + transcription

&

Bdégershausen et al, Frontiers in molecular neurosciences, 2018 [ ~ppg




“SWI/SNF-related intellectual disability disorders”

(SSRIDDs)

Coffin Siris Nicolaides Baraitser
* ARID1B "« SMARCB1
* SOX11 * SMARCA4 * SMARCE1 * SMARCA2
e DPF2 * ARID1A

* ARID2

Atypical / severe
Css

ARID1A ARID1B SMARCA2 SMARCA4 SMARCB1

Santen et al, Hum Mutation, 2013 4+ 16



COMPASS complex
(histone-lysine methyltransferases)

Histone octomer

Key

A RA
ETRARE binding site
=== Biochemically-
confirmed interaction
* WARD factors

ASC-2 Interacting Proteins

RAR
PPARy
LxR
RxR
FxR

Lavery et al, Clinical epigenetics 2020 4




Kabuki, Type 173 Kabuki, Type 2 Kleefstra, Type 2113 RTS, Type 1 RTS, Type 2%2
KMT2D / MLL2 KDMGA / UTX KMT2C csp EP300

b

Lavery et al, Clinical épigenetics 2020

Di Fede et al, Eur J Hum Genet, 2021 +  1pe




Readers

1

Remodelers g

Bjornsson et al, Genome Research, 2015 + e



Cohesinopathies

A B
Q — Induction
| i
E 1 |
-8 Repression
C D
; _Blrth DefeCtS
WABS RBS CdLS (smc1A,

Increasing Apoptosis (ddx11/chIR1) (esco2) Smc3, npbl,
rad21, pds5/aprin)

I E P

Loss of regulated gene
inductions and repressions

WABS CdLS RBS

|

Skibbens et al, Plos Genetics, 2013 @
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P =
Warsaw breakage syndrome (DDX11) Roberts syndrome (ESCOZ)_(@
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)

Warsam

breakage
Alpha-thalassemia syndrome

mental retardation

‘;
) ol PSR 7 Enhance
).‘\«l ) .l.\l MY

: EF AFF4
 IF RNAPI

CdLS-like
syndrome

2~ -\ g

LL NG i.

KBG syndrome
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ANKRD11
KBG

KMT2A
Wiedemann-Steiner

NIPBL
SWI/SNF Cornelia de Lang

77

-
/

Coffin-Siris

BRD4 EP300

CdLS-like Rubinstein-Taiby -

Avagliano et al, Clinical Genetics, 2019 4 16



TABLE 3 Patients clinical features accordingly to the first international consensus statement on CdLS

SwWi
Clinical features AFF4 ANKRD11 BRD4 EP300 KMT2A  SETDS mmfpls::gene
Cardinal Synophrys and/or thick eyebrows + + + + + + +
features Short nose concave nasal ridge and/or + - + - + +— +
upturned nasal tip
Long and/or smooth philtrum + + + + + +
Thin upper lip vermilion and/or downturned + + - + +— +
corners of mouth
Hand oligodactyly and/or adactyly - - - - - - -
Congenital diaphragmatic hernia
Suggestive Global developmental delay and/for intellectual + + + + + + +
features disability
Prenatal growth retardation + + + +
Postnatal growth retardation + + + + + + +
Microcephaly + + + + + — +
Small hands + + +
Short fifth finger - - + — - - -
Hirsutism + - + + +

Mote: Empty cells indicate unreported clinical sign.
Mbbreviation: +, present; =, absent; +/=, seldom; CdL5, Cornelia de Lange syndrome; SWI/SNF, SWitch/sucrose non-fermentable.

o

Avagliano et al, Clinical Genetics, 2019 4 16
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The phenomenal epigenome in neurodevelopmental
disorders
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NEUROCRISTOPATHIES

4th week of development: neurulation

Neural plate border

FE-

Bmp (moderate)

Neural plate Epidermis (A) w

Wnt
Fgf
Msx1/2
Pax3/7 Neural folds Keratin  Zic1
Zicl Sox2
FoxD3
Slug/ Snail
c-Myc
Sox9
Id
S o s FoxD3
o
SoxE
Cadé/7
Neural crest cells Nrp

Eph Receptors
Neural tube

Ross et al, Frontiers in Physiology. 2014
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Neural crests: multipotent stem cells

NC differentiation

NC aferentiatos
Mo & plathors of

Mayor et al, Development, 2013 4@
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» Hirschsprung's & 5

-v}\ i ,.'v
- ‘Q‘- ')_

Hirschsprung
Waardenburg o 2q11 _ }
syndrome(PAX3) deletion @
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Clinical syndromes
\)
Molecular syndromes
\)
Common signaling pathways

J

Therapeutic perspectives

4+ T 1pG




AATDGTCGCGTTAACGTACTGACTTGACCATTT
AAATTGGTTCHGTAGACGAAGTCTATGGCTGG
CCGTCTGCATTGAAATGATGAAACGCGCGTGC
CGATACGATAGGAGGTCACTGCCGNCTGNCAT
GAAACACCCATTGCAAGTCTATGGTTGGCCK
TCTGCATAAAACGUGCGTGCCGATAGCGCGTG
CCGATAGCGCGTGCCGATACGATAGGAGGTCA
CTAATTGGTTCCGYAGACGCGTAGACTGTAATC
GTGGTTGAAATGAATTGGTOCCGTAGACTGATA
CAGTAAATTGGTTCCGTAGACGGTACUGTAGG
CATGACCATGGTACGATGACGTCAATTGGTTCC
GTAGACTTAACGGTCATTGTCCGTACGGTTAAA
CCTGTAAATACCGTCGCGCGTTGACGTATTGTC
GTGGTCGAATGTACTATATAGACAATTGGTTCC
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