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_is laxa: clinical hallmark

Heterogeneous group of connective tissue disorders characterized by redundant,
loose, sagging and inelastic skin and variable systemic involvement

o

Cutis Laxa Hyperextensible skin
(Classic EDS)
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Callewaert et al, 2010
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ELASTIC FIBERS

MICROFIBRIL

MICROFIBRIL + ELASTIN
= ELASTICFIBER

e Inherited EFD - synthesis and/or assembly of elastic fibers: Genetics

e Acquired EFD = destruction of normal elastic fibers: Genetics - Environment
Note: ageing process [ emphysema / aortic dilatation



_AZ DIVERSE PRESENTATIONS

DL
Elastic fiber
Acquired disease



-\/HY ARE THERE SO MANY PRESENTATIONS IN CUTIS LAXA?
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Cutis laxa: Main clinical manifestation

> 40 OMIM entries -

Own database (185)

!

Systematic review: 840 cases




Main clinical manifestation

Prominent Connective tissue features

Tortuosity Emphysema Skin Bone

SLC2A10 FBLN4
EMILIN1 LOX

ATP6V1E1l
25 ATP6V1A
1 ATP6AP1

) ": :

Mature EF

Cutis laxa: a meaningful classification

Neurological
No IUGR/SGA IUGR/SGA
(eSS ALDH18A1
ATP7A
PYCR1
(COGT7)
ECHS1
(R2) TALDO1
GORAB




Main clinical manifestation

Prominent Connective tissue features

Tortuosity Emphysema Skin Bone
SLC2A10 FBLN4 LTBP4 LTBP1
EMILIN1 LOX FBLN5

5 s & H

Correct classification 95% ~ Management

ATP6VOA2
ATP6V1EL
ATPG6V1A
ATP6AP1

is laxa: a meaningful classification

Neurological
No IUGR/SGA IUGR/SGA
(eSS ALDH18A1
ATP7A
PYCR1
(COGT7)
ECHS1
(R2) TALDO1
GORAB
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Pulmonary/arterial involvement

é¢P 3

“Cutis laxa + Emphysema” . o, “Cutis laxa + Arterial
B enign tortuosity”
ELN(ADCL tI)
FBLNS (type Ia)
LTBP4 (type 1) FBLN4 (type Tb)

SLC2A10: Arterial

tortuosity syndrome



I Rittiicy accerial involverment

Generalized cutis laxa — “benign” (ADCL tI)

BUT:
ARD ~ 55%
Emphysema ~ 35%

Callewaert et al, 2011
Hadj-Rabia, Callewaert et al, 2013




1al involvement

Generalized cutis laxa — “benign”

A G Q F P L €] G v A A R
WT: GCC GGG CAG TTC CCA CTT GGA GGA GTG GCA GCA AGA
MT : GCC GGG CAG TTC CCA CTT GGA GGA GTG GCA GCA AGA

WT: CCT GGC TTC GGA TTG TCT CCC ATT TTC CCA GGT GGG
MT: CCT GGC TTC GGA TTG TCT ccc ATT TTC 6 616 GGG

WT: GCC TGC CTG GGG AAA GCT TGT GGC CGG AAG AGA AAA
MT: CCT GCC TGG GGA AAG CTT GTG GCC GGA AGA GAA AAT

C-terminal frameshift mutations in ELN e
9 elongated protein MT: gAg Ett ;ct ;gg icc ;ct gac ;ca 1iga gct ;at gaa
9 C_termlnal missense Sequence. MT: cgt tgg tgc tac tgc ttg gtg gag aat gta aac cct
R W C Y C L v E N A% N P
MT: ttg taa

Callewaert et al, 2011 L *



Pulmonary/arterial involvement

Generalized cutis laxa — “benign”
Temperature (°C)

g
3]

Absorbance (400 nm)

C-terminal frameshift mutations in EL/N

. J o o control
- elongated protein ; . 2o 9
. . * -
= C-terminal missense sequence. — >
s P o] ADCL

Callewaert et al, 2011 - Y e o -




“Cutis laxa + Emphysema”
FBLNGS (type Ia)

LTBP4(type Ic): URDS

Callewaert et al, 2013
Loeys et al, 2006




“Cutis laxa + Emphysema”

100

80
FBLNS (type Ia) .
LTBPA (type Ic): URDS 20
0

GI / GU diverticula S 3 & &

Callewaert et al. 2013 ™ LTBP4 patients ™ FBLNS5 patients



Callewaert et al, 2008
Renard, Callewaert, et al, 2011 - —

Kappanayil et al, 2012 R ﬂ

“Cutis laxa + Arterial tortuosity”

FBLN4 (type Ib)
SLCZAI0: Arterial tortuosity

syndrome




Callewaert et al, 2008
Renard, Callewaert, et al, 2011 - —

Kappanayil et al, 2012 R ﬂ

“Cutis laxa + Arterial tortuosity”

FBLNA (type Ib)
Iortuosity, coA (isthmus)

Aneur}/sms

Osteopemé

Martanord skeletal features



Pulmonary/arterial involvement

Callewaert et al, 2008
Beyens et al, 2018
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“Cutis laxa + Arterial tortuosity”
SLCZAI0: Arterial tortuosity

syndrome

No dissections, but ischemic

complications (CNS, kidney, bowel)
Diaphragmatic hernia
IRDS

Corneal thinning
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“Cutis laxa + Arterial tortuosity”

FBLN4

Prevalence A

SLC2AI0




Novel entity: ZMILINT loss-of-function mutations

Unexplained arterial tortuosity and fractures ~ resembling FBLN4 related CL

F1:c.831dup F4:c1606C=T JF3:¢.2457_2482dup

signal EMI coiled-coil collagenous gC1g domain
peptide domain region leucine sequence
Zipper

o> LTBP-4L
D LTBP4S
EMILIN-1

Adamo et al, 2022




Role in extracellular matrix functioning

Fibulin-5

Fibrillin microfibril
scaffold

Schiavinato et al., 2016
Schiavinato et al., 2017




Family 1

Family 2

Family 3

Cardiovascular imaging

Tortuosity

ARD

Stenoses

Abnormal implantation of aortic branches

4/4
2/4
1/4
2/4



Family 1

Family 2

Family 3

Cardiovascular imaging

< Hu 10n

Family 1

Family 2

Fractures

>> neonatal
parietal
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limbs

Skeletal imaging
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Histological analysis of EMILINI deficient aortic tissue
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scale bar: 25 pm

Aortic tissue of EMILINI or FBLIN4 deficient individuals shows severe medial degenerative changes



r FBLIN4 deficient human skin

Control F3:11-1 FI.II-1 FBLN4
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Defective EF assembly in Emi/inl deficient human fibroblasts
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EMILINT function: Summary

elastogenesis
HEY G

LOX f‘

fibulin-4
LOX

; fibulin-4 TE
EN\\“NA’ . AN TE TE TE
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fibrillin microfibrils

collagen crosslinking

collagen fibers




[LOX is ‘key’ in arterial tortuosity syndromes: direct evidence

Cutis laxa
Arterial tortuosity
Osteopenia / fractures

22 Propeptide 168

Tyr2s0

1 21 19 fectacto
Signal peptide

169 Catalytic domain 417



_TBP[ -related Cutis laxa: short stature - Craniosynostosis

Cutis laxa

Pottie et al, 2021

Dysmorphisms

Skeletal patterning
Craniosynostosis
Brachydactyly
Short stature

Variable heart defects



LTBPI-related Cutis laxa: short stature - Craniosynostosis
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ARCL type 2a/b
ARCL type RPVAS
Wrinkly skin syndrome
Debré type cutis laxa

Neurocutaneous disorder

De Barsy syndrome




CL with skeletal /neurological involvement

No ocular involvement Corneal clouding/Cataract

No IUGR IUGR

Abnormal glycosylation Normal glycosylation patterns

PYCRI (ARCL type IIb / 1IIb)

ATP6VOAZ (type 1la) ALDHI8AI (Progerord
ATP6VIEL /ATP6VIA dominant, ARCL Ill2)



ALDH18A1

<

e ” P5CsS
s

Retrograde transport

Sy 2
Cu2+ g
transporter ATP6VO0OAZ2
Intracellular ‘ ’
transport and -
protein . e
glycosylation 7
=/
& 4in
e
h
- @ E|astin globules
- s
FBLN5 @
€ LOX Defects in
R )
matrix
I\I proteins
Mature EF




CL with skeletal /neurological involvement

Al-Gazali 2001

Rajab 2008

Hucthagowder et al, 2009
Beyens, ..., Callewaert, 2018

No ocular involvement, no IUGR
Abnormal glycosylation

(microcephaly, Cobblestone brain,

late closing fontanelles)

ATP6VOAZ (type 11a)
ATPG6VIEI / ATP6VIA

Van Damme T, ... Callewaert B, Wevers R, 2017

ARCL t2 Wrinkly skin
(Debré) syndrome



_ological involvement: a novel AT Pase defect

Contractures, Hip dysplasia
Marfanoid - Pneumothorax
Aortic root dilatation

Cardiac hypertrophy
Variable NMD/gyral abno Van Damme et al, 2017



_ological involvement: a novel AT Pase defect

—

ATP6VIEI ATP6VIEI
c.383T>C c.634C>T
9 p.(Leul28Pro) D 9 p.(Arg212Trp) D




Marfanoid, ARD, tortuous aortic arch, VSD

Thin corpus callosum

Polymicrogyria, Sept. Pellucidum defect, Ventriculomegaly, White matter gliosis
Delayed %D



(

ATP6VIA ATP6VIA ATP6VIA
c.215G>A c.2012C>T c.2I5G>A
p.Gly72Asp p.Gly72Asp p.Arg338Cys




Homo sapiens
Macaca mulatta
Pan troglodytes
Canis familiaris
Rattus norvegicus
Mus musculus
Xenopus tropicalis
Danio rerio a
Danio rerio b
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[ /

ATP6V1E1

Family |
c.383T>C
p.Leu128Pro

VLQGLVQL
LILQGLFQL
GLVLOGFYQL
GLVLQGFYQL
@:vMQGIIQL

L
L
L
L
L
L
L
L
L
L
M

EPRMIVRCRK
EPRMIVRCRK
EPRMIVRCRK
EPRMIVRCRK
EPRMIVRCRK
EPRMIVRCRK
EPRVLIRCRK
EPRVIIRCRK
EPKVTIRCRK
EKEVVLRCRE
EPKVILRCRE

Family Il
c.634C>T
p.Arg212Trp

LIAQOMMPEV
LIAQQOMMPEV
LIAQQMMPEV
LIAQQOMMPEV
LIAQQOMMPEV
LIAQQMMPEV
LIAQQMMPEI
LLAQOMMPDI
LIAQQMMPEI
LIANQIVPQV

FGANANR
FGANANR

GR’TF\NANR
GAL KRARR

VA'ﬁkavN

Family IlI
c.1012C>T
p. Arg338Cys

YTGITLSEYF

\TFTALwJY*
YTGITLSEYF
YTGITLSEYF
VTGT”TR

YlLvI”' ﬂ"’L
YTGITLSEYF

R
R
R
R
R
R
R
R
R
R
R

DMGYHVSMMA
DMGYHVSMMA
DMGYHVSMMA
DMGYHVSMMA
DMGYHVSMMA
DMGYHVSMMA
DMGYHVSMMA
VSMMA
YNVSMMA
DMGLNVAMMA
DMGYNVAMMA

Family IV & V
c.215G>A
p.Gly72Asp

$.v,

ATIQVYEETS
ATIQVYEETS
ATIQVYEETS

ATIQVYEETS

ATIQVYEETS
ATIQVYEETS
ATIQVYEETS
ATIQVYEETS
ATIQVYEETS

P2 NoNr NN NN NN

VSVGDBVLR
VTIGDPVLRT
VTVGDPVLR




control PI:1 ATPGVIET

45

V-ATPase defects cause a “ iii aii ai; iii
ANERTEL

& <
type = 30 1o
H L3
2.5 B
E I / E T ? ;i’
|5 5 I__‘
g 204 T
¥ e A
g 157 g
£ P 04 W
1.0
| | Y
W ” O\ J‘”
a0 P N .'."""-J'.k_ 3 oo ] \' i |I v‘.l‘l K T |
T TR0 TREND THOM RGO 8000 TROOD TBE00 THOCD 79500 BOC00
COLNES WL daconneiiisd mitss (amu) ronianls wh decnrmoliied miss | )
Pll:1 PIV:1
.0
8.0 2.0
- T4 o 254
= =
= B0+ B
-] 8 2o+
5 5.0+ 3
: :
: iii if : | ¥‘9
2 ¥
£ =
£ 3.0 3
é iii if -EJ " -m?:_q
b _‘l-
05 . + II
1.0 . at I [}
0.0 ™~ |I bt gl oo ~ L. M b
T 7000 TREND 70000 TR0 0000 TROOD FRE0 000 "w:r OO0
COLNES WL daconneiiisd mitss (amu) ronianls wh decnrmoliied miss | )

Transferrin
[l W-Acstiglucozamine @ mannose () galactose 4 sialic acid

isoelectrofocusing



V-ATPase defects affect vesicular trafﬁcking Golgi remnants after Brefeldin A
80

Plasma i
nembrane 60
Secretory 40
vesicle
Cytosol 20
endosome A 0 o

control1 control2 ATP6VOA2 ATP6V1E1 ATP6V1A

% OF CELLS

4

Golgi apparatus

Late

endosome ® COI’IU‘OI ATP6VOA2

b Cisternae

Lysosome

Endoplasmic
reticulum

Knockout model
Pottie et al, 2022

Wild-type fish Heterozygous fish Homozygous fish




CL with skeletal /neurological involvement

No ocular involvement Ocular involvement / TUGR
No IUGR Normal glycosylation patterns
Abnormal glycosylation
ATP6VOAZ (type 11a) PYCRI (ARCL type IIb / IIIb)
ATP6VIEI /ATP6VIA ALDHI8AI (Progeroid

dominant, ARCL I1la)
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CL with skeletal /neurological involvement: Proline Synthesis Defects

Mitochondria \ CYtoplasm

Citrulline

i

Ornithine

Control PYCRI
b .

AW |

ALDHISAT Apoprosis 1

Control Affected

Control + H,0, Affected + H,0,

Reversade et al, 2009




Proline Synthesis Defects: spectrum encompassing de Barsy syndrome

-

de Barsy sy ALDHISAI

; Skidmore et al, 2011
F®  [ischer-Zirnszak, Callewaert et al, 2014

Dwarfism, oligophrenia and degeneration of the elastic tissue
in skin and cornea. A new syndrome ?!

A. M. pE Barsy, E. MoeNs and L. DIERCKX

Received on March 13, 1968



IUGR - FTT

Relative macrocephaly
Cataract

NMD, spasticity, chorea

NMR: tortuosity of the ICA




PYCRI

normal

ALDHISAT

het c412C>T
(p-Arg138Trp)

Del/dup analysis normal
De novo



p.Arg138Gin
novel p.Arg138Leu
1 67 p.Arg138Trp 352 358 Cys612
L) h

MTS GK - GPR

| S
U)_Gly93Arg p.Thr299lle pl.Argd2SCgs c.ﬂ923+1G>A
known “p Arg84GIn p.Val601Glyfs*24

p.Leu711Cysfs*3
p.Ser742lle
p.Arg749Gin
p.Arg/765GIn-
p.Tyr782Cys~
p.His784Tyr-

Human P5CS 120 GROELERHETILLSOSVWVRDATLHSGONQLEEMATPVLEARACA
Chick P3CS 125 GEORLEHETLLSOSVRDALHSGOSOLEDMATPVLEARACH
Fish P5CS 100 GROELEHETILLSOSWVRDALHSGONQLEDMSLEVLEARACA
D. melanog. P5CS 106 GEKOELAQOELLMSLSMRETLNPEDS-——EKEFDGATLEPEAAR
C. elegans P5CS 131 GROEKLEQELVMSMSMROTLRGP SGMTADERACH
E.Coli GK 23 GEEHEGYPEL————- PATIASEQLLA

Similarity .2 B

Fischer-Zirnsak, ..., Callewaert, Reversade, Kornak, 2015



ALDHISAT

p-Argl38Trp
p-Argl38Leu
p-Arg138GIn
All de novo

Fischer-Zirnsak, ..., Callewaert, Reversade, Kornak, 2015



Superresolution microscopy CI3NIS glutamic acid labelling

TOM20 Merge/DAPI
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Fischer-Zirnsak, ..., Callewaert, Reversade, Kornak, 2015



X-linked recessive cutis laxa

ATP7A (Cu2+> transporter

X-linked distal motor neuropathy

Occipital horn syndrome
Menkes disease

Serum Menkes Occipital Horn ATP7A-Related Distal Motor ;
1 Normal

Concentration Disease Syndrome Neuropathy

70-150 pg/dL;
Copper 0-55 pg/dL 40-80 pg/dL 80-100 pg/dL (birth - 6 mos: 20-70

Ceruloplasmin 10-160 mg/L.  110-240 mg/L 240-310 mg/L (
50-220 mg/L)

Kahler, GeneReviews

Beyens et al, 2019
De Feyter et al, 2023



X-linked recessive cutis laxa

ATP7A related transporters

X-linked distal motor neuropathy

Occipital horn syndrome
Menkes disease

NH,*

CH, CHo
“ LOX ‘
(CHy); + 0, + H,O0 wemms> (CH,), + NH, + H,0,

Peptidyl Peptidyl o.-aminoadipic- cross-lin
lysine 3-semialdehyde collagen and elastin

COLLAGEN/ELASTIN EXTRACELLULAR MATRIX
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Arterial / Lung Skeleton
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neurological

Absent / Mild

LTBP4 FBLN4 No Ocular/TUGR
ELN (FBLNS) FBLNS SLC2AI0 IUGR /ocular | ' ,
ADCL ARCL ARCL | Mild Severe

95% of patients are

CMP /Ptx ADCL s
' . !l ALDHISAI

ATP6 VOA2 ATP6VIEI ALDHISAI PYCRI (PYCRI)

classified correctly
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