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Classification of Ehlers-Danlos syndrome

o> The .
D Ehlers EDS subtype Abbreviation Prevalence Inhe;lttance Protein Gene
V4 pattem

* 1 Classical cEDS 1/20 000 AD Type V collagen COL5A1/COL5A2

SCIENTIFIC MEETING

RARER TYPES Tenascin-X (Complete

5849'0 %2 | Classical-like | clEDS 24 AR | jeficiency) TNXB
¥ 3 Cardiac-valvular cvEDS 4 AR Type | collagen COL1A1
sk 4 |vascular VEDS 1/50 000-250 000 AD Type Il collagen COL3A1
t 33 Hypermobile hEDS 1/5000-20 000 AD Unknown Unknown
*e Arthrochalasia aEDS 49 AD Type | collagen COL1A1/COL1A2
* 7 Dermatosparaxis dEDS 8 AR ADAMTS-2 ADAMTS?2

I KED! 1/100 000 Lysyl hydroxylase-1,

%k 8 Kyphoscolitotic S AR FKBP14 PLOD1, FKBP22
%9 E;:zfofn(’;"ea BCS " AR |ZNF469, PRDM5 ZNF469, PRDMS5
%10 |Spondylodysplastic | SPEDS 8 AR |paGalT7, p3GalTé B4GALT7, B3GALT6
%11 |[Musculocontractural| MCEDS 3 AR CHST14, DSE CHST14, DSE
%12 |Myopathic mEDS AD or AR |Type Xl collagen COL12A1
%13  |Periodontal pEDS AD C1r, C1s C1R, C1S

Malfait F. et al., Am. J. Med. Genet. Part C 175C, 8-26, 2017.
Kosho T. et al., Pediatr. Int. 58, 88-99, 2016.
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Clinical feature of TNX-deficient type EDS (clEDS)

.
? Danlo:
Y4 Sg.“eglsTypical clinical feature

SCIENTIFIC MEETING * Generalized joint hypermobility (with or without (sub)luxations)
RARER TYPES . T

TOKYO » Skin hyperextensibility

2019 + Easy bruising

Other common clinical feature
* Foot and hand deformities
* Piezogenic papules
* Pes planus
* Hallux valgus
* Broad forefeet
* Brchydactyly
* Acrogeric skin of hands
* Neurological symptoms
* Muscle weakness
* Chronic back pain, myalgias, arthralgias [> | Prof. Emiko AshitakaJ
* Severe fatigue
. Cardiovascular abnormality (valvular problems)

. Gastrointestinal manifestation [> Dr. Hiroaki Hanafusa:l

In contrast to the classical type EDS (cEDS) . Demirdas et al., Clinical Genet. 91, 411425, 2017.
* Inheritance pattern: Autosomal recessive Malfait et al., Am. J. Med. Genet. Part C Semin.

. . . Med. Genet. 175C, 8-26, 2017.
+ Without atrophic scarring ec. sene

P Genetic analysis of TNX-deficient patients

SCIENTIFIC

« A2 bp deletion (c.3290_3291del)

+ Two different 30 kb deletions both generating a TNXB/TNXA fusion gene,
and pseudogene-derived missense variant [c.12174C>G p.(Cys4058Trp)]

* Premature stop codon [c.903del p.(Tyr301*)], [c.12553C>T p.(Arg4185*)],
[c.2461C>T p.(Arg821%)], [c.2590C>T p.(GIn864*)]

» Splice site mutation [c.7826-1G>C p.(?7)], [c.12464-1G>A p.(?)]
+ A small deletion/insertion [c.107_108delinsA p.(Ala36Aspfs*68]

+ A pseudogene-derived 120 bp deletion (c.11435_11524+30del)

Demirdas et al., Clinical Genet. 91, 411-425, 2017

All rights reserved. 2



Scientific Meeting on the Rarer Types of 18 November 2019
EDS: From Genetics to Management

M o Tenascin family

Ehlers
? Danlos
/ Society, fibrinogen-like

heptad EGF fibronectin type Ill globe
scienTIFIC MEETING Qideesssssssesesssesd IRl ,\,m.m.,.W}..mHnm|nr,i,1mr\m,i+. Human
RARER TYPES TNX
TOKYO Q»mm“mmmi‘m““”\ng\ﬂ)—‘ Mouse TNX
2019
.wu»oommmmo‘ﬁ[??"‘%n?5‘SG%E&&&&S&&;%%%;‘%};;%%}—. Bovine

Valcourt et al., Cell Adh. Migr. 9, 154-165, 2015.

e { ool el elefelefnfe | Chicken TNY

= », Qiresssscecsssss il [ }—. Human T
{ 0 Qi Mouse TNC
Boaonin s @ m Chicken |
(Chiquet-Ehrismann et al., ). Pathol. 200, 488-499, 2003)
TNR Quveees [ [ 1] . Human

orsess [T @) Mouse
Qriresss ' Rat TNR

§reees [[11 111 Chicken
Qoeves [ || [1[-@) Zebrafish

Qveses ||| 1@ Zzebrafish TNW

§reee —. Mouse TNN

(Pesheva et al., Prog. Neurobiol. 61, 465-493, 2000)

TNW

(Scherberich et al., J. Cell Sci. 117, 571-581, 2004)

~ The
XD Ehiers s H
7z Bk Reciprocal expression of TNX to TNC
SCIENTIFIC MEETiw
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TOKYO
2019 E15.5
esophagus
PO
esophagus;
E15.5
gut
E15.5 PO adult adult
fetal skeletal skeletal heart
PO heart muscle muscle
gut
E15.5
stomach
E15.5
skin
adult liver adult Peyers patches
Matsumoto et al., J. Cell Biol. 125, 483-493, 1994. of tium
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Expression of IINX:

A

;81K9Y 0 Tenascin-X
Tenascin-C

B-actin

Imanaka-Yoshida et al., Differentiation 71, 291-298, 2003. In situ hybridization

Modulation of collagen fibril architecture and tissue integrity

C

F 10-11
= M
TNX

Decorin

Bristow J., Am. J. Med. Genet. C Semin. Med. Genet. 139, 24-30, 2005

All rights reserved. 4
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Property of TNX
20 Biers . .
ﬁ Danlos Interaction of TNX with type | collagen
SCIENTIEIC MEETING Solid-phase binding assay
TOKYO
2019
- Col VI-Col | . TNX - Col |
0.6 0.6
e o
z 03 z 03
<02 <02
0.1 0.1
LR [ R
0 2 4 6 8 10 0 2 4 6 8 10
type I collagen (ug/well) type I collagen (g/well)
0.7 07 07
06 TNX - Col VI 06 TNX -FN 9% TNX - LN
05 0.5 05
g 04 g 04 g 04
03
i i e
0.1 0.1 0.1
ol ? Py V2 S S —— of
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
type VI collagen (1ig/well) fibronectin (11g/well) laminin (1g/well)
Minamitani et al., Exp. Cell Res. 298, 305-315, 2004.
Property of TNX
Do I . . - .
’?@SE"'.L; TNX increases the rate and quantity of collagen fibril formation
E-%%%WPE - In vitro collagen fibrillogenesis assay
2019 )
0.6 Increased quantity
£ 0.5
=
=3
F04
P
<03 - AEGF
e AFB
* VI
0.2 + TNX+VI
= AEGF+VI
A _AFB+VI
0.1 + control
o 8 10

Time (h)

Minamitani et al., Exp. Cell Res. 298, 305-315, 2004.
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,‘,Lls\ e . n . .
Z ;.El?".'; Modulation of collagen fibrillogenesis by TNX
sgeumricugens A B c
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Minamitani et al.,
Exp. Cell Res.
298, 305-315, 2004.
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Property of TNX

=

2 s : :
V- Compromised cell adhesion on TNX substrate

SCIENTIFIC MEETING
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TOKYO

2019 100 Cell attachment assay
;\: ' p<0.0p
— 80
o
£
s 60
i —
8 40
=
©
= 20
o

0 -
FN ctr(PBS)| TNX |Ctrl(TNX-/-)

Fujie et al., Biol. Pharm. Bull. 32, 1795-1799, 2009.
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o Property of TNX
;L_. The
?@ Brics Compromised cell adhesion on TNX substrate
SCIENTIFIC MEETING
Tokvo A
2019 FN TNX
g
§
2
Fujie et al., Biol. Pharm. Bull. 32, 1795-1799, 2009.
Property of TNX
£ i TNX ind 38 MAP ki tivit
a4 induces p inase activity
SCIENTIFIC MEETING
RARER TYPES
;81K9Y0 FIN Ctrl(JPBS) Thllx :tl‘l(TNX-/-)
total p38
p<0.05 |
3
=2}
™
2
S
°
S 1
o
o
0
FN Ctri(PBS| TNX [tri(TNX--)
Fujie et al., Biol. Pharm. Bull. 32, 1795-1799, 2009.
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Property of TNX
2= D Suppression of TNX-Induced cell detachment by
Zz 5= knocking down p38a MAP kinase expression
.
TOKYO siRNA
2019

IB: p38a

actin

p<0.01

Cell attchment (%)
8 3

Clp38a| (-) L C p38a (-) L C p38a
siRNA SiRNA SiRNA
TNX Ctrl(TNX-/-) Ctrl(PBS)

Fujie et al., Biol. Pharm. Bull.
32, 1795-1799, 2009.

— Collagen gel contraction containing TNX-deficient MEFs
;‘@Dﬁﬁm Property of TNX

/ Society
12 .
210
TOKYO ©
2019 £0s8
g 0.6
S04
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0 / /
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©°
=
c
o
@]

Hashimoto et al., Exp. Cell
Res. 363, 102-113, 2018.
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Effect of MMP inhibitors on collagen gel contraction
P Property of TNX
=g, £ fOpertyo
/ Society F10
;08
,§06
SCIENTIFIC MEETING Tos
RARER TYPES 02y
TOKYO : 5|5 3
2019 = gle £
'«‘-“; o
o W
TNX++ /- | TNX+/+
F 12 -
510 T .
E H W I_I H H
206
204
802
g Te ° mle =©
o 3 s s |z s £l 8
£ % 8 = g E|s E|s ¢
g E = = > = ]
& H I
e T TNXH | TN | TR+ | TR
G 50
§4U
ESO
§20
& 10 m
gl e 8
g dd glE 2 a
§ £ 2 ¢18 =2 ¢
‘B » » % @ D » %
TNX++ TNX-/ Hashimoto et al., Exp. Cell
Res. 363, 102-113, 2018.
Property of TNX

Effects of TNX absence on proliferation of MEFs in collagen gels
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Hashimoto et al., Exp. Cell Res.
363, 102-113, 2018.
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RARER TYP

Property of TNX

Effects of TNX absence
on migration of MEFs
in collagen gels

Hashimoto et al., Exp. Cell Res.
363, 102-113, 2018.
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Property of TNX

Effect of TNX absence on the formation of filopodia-like protrusions

of MEFs cultured in contracted collagen gels
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Hashimoto et al., Exp. Cell Res.
363, 102-113, 2018.
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Property of TNX

XD Ehlers
Danlos
/’ Society

ETING

Screening of TNX-binding proteins

SCIENTIFIC ME
RARER TYPES . X aE
TOKYO X / / | T
2019 \ / )] |
‘ |
8] i ||
mT MTNX/ENII -4 /' mTNX/FNIll1a25 | |mThxFG
|
mMTNX/FNIlla13 mMTNX/FNIlizs50
|
MTNX/FNIllzs.51+FGN
B
hVB 21-207 pGAD-GH

Ikuta et al., Genes Cells 5,
913-928, 2000.

heptad
FNIll1-4
FNIlls-13

|FNIII|3-25

2 2 X K

FNIli2s-30
FNIll25-31+FGN

FG
pHybLex/Zeo

Yeast two-hybrid assay

Property of TNX

Interaction of TNX with VEGF-B

Ehlers
/; anios
FTNX F-TNX
TOKYO ' vo' I © |
2019 o oF & S
Y \“Q O ¢
1 1 1 1 1 1

-8

- HA-
] \F/Ié(-;F-Bms ’ = VEGF-B167
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v &
. N O
IP: O ¢ &
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mVEGF-B186
mVEGF-A164

mVEGF-B186
mVEGF-A164

mVEGF-B186
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55
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174
179

°
MSPLL---RR-L-LLVALLQLARTQ-APVSQFDGPSHQKKVVPWIDVYARAT CQPREVVV
MNFLLSWVHWSLALLLYLHHAKWSQAAPMAEGGGQNHH-EVVKFMDVYQRSY CHPIETLV

() ° oo
PLSMELMGNVVKQLVPSCVTVQRCGGCCHDDGL ECVPT GQHQVRMQILMIQ-YPSSQLGE
DIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEESNITMQIMRIKPHQGQHIGE

°e

MSLEEHSQCECRPKKKESAVKPDRVAIPHHRPQPRSVPGWDSTPGASSPADITHPTPAPG
MSFLQHNKCECRP-KKDRARQENPCGPCSERRKHL FVQDPQT CKCSCKNTDSRCKARQLE

SSARLAPSAVNALTPGPAAAAADAAASSTAKGGA
LNERTCRCD-KPRR--=-====-cccmmomme

lkuta et al., Genes Cells 5,

913-928, 2000.

59

54
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O ¢
kDa 1 1 1
T7-
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32.5=

IP: a-Flag
WB: o-T7

Co-immunoprecipitaion assay

All rights reserved.
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Property of TNX

N
5@ Endothelial cell proliferation by VEGF-B in combination with TNX
7

SCIENTIFIC MEETING
RARER TYPES
L\
HH 293T
—
0.1% FBS X
48hr, 37°C , 5%CO2 Teanslent
- VEGF-B
TNX
Conditioned medium
change
£ ° &
16hr, 37 °C , 5%CO: L&
l v . S &
s KDa KDa
sg 2
[3H]-thymidine
(1pCi/ml) 415
325 175-
30min
Liquid scintillation counting
Ikuta et al., Genes Cells 5,
913-928, 2000.
Property of TNX
.‘,L\:~\ The

ﬁ Sngﬁ% Stimulation of the autophosphorylation in VEGFR-1 by VEGF-B with TNX

SCIENTIFIC N
RARE 1

RTYP
TOKYO
2019
293T
== —
0.1% FBS Transient

l 48hr, 37°C , 6% CO2 transfection
VEGF-B
TNX
Conditioned medium

change

l 5min, 37°C, 5% CO2

Harvest

|

Immunoprecipitation with a-VEGFR-1

Western blot with & -phosphotyrosine

lkuta et al., Genes Cells 5,
913-928, 2000.

All rights reserved.
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RARER

TNX monomer

ECM
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'1.<::TGF-|&1

all

rusna {1100
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ﬁ1 | 2- Interaction with cell-surfdce receptors. |

1- Cleavage of TNX |
)

aann

{
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SLC

[3- Latent TGF+5 activation (conformational change of SLC) and cell exposure

TERI

Cytosol

membrane

TGF-B activation by the FBG-like domain of TNX

Property of TNX

Alcaraz et al., J. Cell Biol. 205,

409-428, 2014.

Valcourt et al., Cell Adh. Migr. 9,

154-165, 2015.

SCIENTIF
RARER TY

Involvement of tenascin-X in osteoclast maturation

ICM

All rights reserved.
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.. Osteoblast and osteoclast lineages for bone metabolism

3 msC HSC
TOKYO
2019 © ©)

MSC: mesenchymal stem cell

HSC: hematopoietic stem cell / l ‘ /

i myeloid
pre-adipocyte .% orpeursor \

/ pre-osteoblast ! @

adipocyte @' pre-osteoclast macrophage
RANKL
osteoblast RANK

dendritic cell

osteoclast

osteocyte network
lkeda K. et al. J Biochem: 159, 1-8, 2016.

A Histological analysis of femur
/‘«i Ehlers
V4 wr KO
SCIENTIFIC MEETING :
RARER TYPES :
;81K9Y ° ‘ Decrease in
Femoral distal end . trabecular bone

in TNX-KO mice

Decrease in cortical

bone thickness in
TNX-KO mice.

Femoral shaft

Scale bars, 500 pm

TNX-KO mice exhibit lower bone mass. R o o B e vate.

All rights reserved. 14
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Bone morphology analysis of trabecular bone

A e
? Trabecular bone mineral density Trabecular percent bone volume
/ 04 N
Fos .
SCIENTIFI - =
RARER T 2 02 * Som -
2 A
TOKYO 2, - wr
2019 g A & KO
0
4w 10 w 8m
Trabecular thickness Trabecular separation
400 *
x = ® *
*t./_ — " £ 300 W"
a 200
]
'-E 100
0
4w 10w 8m 4w 10w 8m

means #SE , n=5
4w 10w 8m  “P<0.05*P<0.005
The bone mass and bone mineral density (BMD) of trabecular bone are significantly

lower in Tnxb-KO mice than those of age-matched WT mice.
Kajitani et al., Biochem. Biophys.
Res. Commun. 512, 659-664, 2019.

Ao Analysis of osteoblast differentiation

SCIENTIFIC M
RARER TYPE
TOKYO
2019

Tnxb expression during osteogenic differentiation

do d3 d10
WT KO WT KO WT KO

Tnxb

Alizarin red S staining

0.06

e
o
>

0D415 (nm)
4
54

wWT

o
meanstSE, n=5

Osteoblast differentiation is not affected by TNX deficiency.

Kajitani et al., Biochem. Biophys.
Res. Commun. 512, 659-664, 2019.

All rights reserved. 15
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N Analysis of osteoclast differentiation

TRAP staining

RARER T

<
v

The number of multinucleated cells

*k

N
3}

N
S}
—

o

The number of TRAP-positive multinucleated
cells were significantly increased in Tnxb-KO
meanSE,n=2  cells compared with WT.

- **P<0.005

WT KO

. A1 g . _ : Kajitani et al., Biochem. Biophys.
Osteoclast differentiation is enhanced in Tnxb-KO mice. Res. Commun. 512, 659-664, 2019

o

The number of TRAP-positive
[9,]

multinucleated cells (4 mm?)

S}

Ao Expression of osteoclast markers

SCIENTIFIC MEETING Nfatc1 Dcstamp
RARER TYPE

TOKYO
2019

N

a WT
151 oKO L

v

=05

Relative mRNA expression
Relative mRNA expression
=)
3 -

o

Ctsk Mmp9

N
o

N
*

— The expression of osteoclast
markers was higher in Tnxb-
KO cells at day 4 than in WT.

Relative mMRNA expression
Relative mRNA expression
=) N
o o o

o

do a3 d4 do d3 d4 means +SE , n=3
*P< 0.05, **P<0.005

Osteoclast differentiation is enhanced in Tnxb-KO mice.

Kajitani et al., Biochem. Biophys.
Res. Commun. 512, 659-664, 2019.
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- Bone resorption activity assay
Ehlers
V4
SCIENTIFIC MEETING
RARER TYPES .
(0] 6000
2019 o
£ 5000
% 4000
-
E 3000
g 2000
s 2
Scale bars, 200 ym £
0
WT KO
means +SE , n=2
**P<0.005
The bone resorption pits were significantly increased in Tnxb-KO osteoclasts
compared with WT.
Osteoclast function is enhanced in Tnxb-KO mice.
Kajitani et al., Biochem. Biophys.
Res. Commun. 512, 659-664, 2019.
ers
V4
SCIENTIFIC MEETING
%REROTYPES
2019

Measurement of serum tenascin-X in joint hypermobility syndrome (JHS)/
EDS (hEDS) Patients

All rights reserved. 17
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N Hypermobility EDS (hEDS)

Bantos
? Society * Generalized joint hypermobility

CIENTIFIC MEETING .
'S!AOWOTVPES * Two or more among the following features
I A. Generalized connective tissue disorder

e.d.,
Unusually soft or velvety skin
Mild skin hyperextensibility
Unexplained striae
Bilateral piezogenic papules of heel
Recurrent or multiple abdominal hernia
B. Positive family history
C. Musculoskeletal complications
Beighton et al., Am. J. Med. Genet.
* All the following prerequisites must be met 77, 31-37,1998.
e.g. Malf'flit etal., Am. J. Med. Genet. Part C
. - Semin. Med. Genet. 175C, 8-26, 2017.
Absence of unusual skin fragility
Exclusion other heritable connective tissue disorders

In 2003, Zweers was reported that there is a small subset of patients with JHS/hEDS who have
haploinsufficiency of tenascin-X (TNX).
However, the relationship between TNXB and JHS/hEDS has not been reported at all afterwards.

At present, the causative gene of hEDS remained to be identified.
Zweers et al., Am. J. Hum. Genet. 73, 214-217, 2003.

Number (%)
(n=18)
A e s Family history of JHS 9 (50%)
? Danlos
LY Sty Joint dislocations (any) 18 (100%)
Shoulders 16 (89%)
H 0,
Fingers 15 (3%
Knees 10 (56%)
TOKYO : 0
2019 Wrists 7 (39%)
Elbows 6 (33%)
e - r Ankles 6 (33%)
Clinical profiles of patients
with JHS/hEDS in this study Pain (any) 18 (100%)
Joint pain 17 (94%)
Back pain 16 ( 89%)
Muscle pain 14 ( 78%)
Skin manifestation (any) 7 (39%)
Skin hyperextensibility 7 (39%)
Fragile skin 3 (17%)
Chronic fatigue 18 (100%)
Easy bruising 12 (67%)
Postural hypotension 18 (100%)
Headache 14 (78%)
Temporomandibular disorder 13 (72%)
Recurrent caries 9 (50%)
Gum fragility 11 (61%)
Temporomandibular joint hypermobility 8 (44%)
Gastritis 7 (39%)
Abdominal pain 5 (28%)
Chronic diarrhea 7 (39%) Watanabe et al., Int. J. Mol. Med. 37, 461-467, 2016

All rights reserved. 18
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sTNX concentrations in sera from patients with hEDS
;L\_.\ The
=9 Elers MOmEDS 1 3 4 7 10 12 14 2 2 31 34 0 45 51 53 68 73
/ Society | Patient no- .
pemm— sTNX concentration
: 7 1 5 i e . 14 13 15 16 18 19
RARER TYPES | ™" 50 Healthy individuals: 110 ng/ml
o A 17 JHS/hEDS patients: 90 ng/ml .
:)‘:;gﬁ of Proband J':'gz:;; Proband  Proband  Proband  Proband Proband  Provand  Proband %7 S JH”S,;E;; Proband  Proband Proband Proband  Proband  Proband
2 14 7
Age 2 42 34 27 16 19 32 28 25 64 57 31 26 25 22 42 33
STNX e e N Emm ] 1 e leem U emm
?ﬁ;‘:ﬂe{_‘;’a"m o5:10  |72¢5 | | 7626 | 7127| 13121 87#5 |75:11| 138t12 1008 | 80:5 76:8 | o710 o7:6 |sox1 ||s7:3| |s3z6 | 8318
Mean+SE
[Sdentst N T T [ [ [[# ] ¢ s [ o] ns ns [ | [ | ne ns e [F ]| ne
Ratio 0.86 066 07| Joes| 119 o8 |oes| 126 092 073 060 | o8 08 o073 || o8 | Jore | o075
MLPA - N.P. - N.P. N.P.
WES ()
g
The mean sTNX concentration in sera from healthy individuals was 110 %= 6 (ng/mL, Mean = SE, n=3).
Heterozygous nonsense mutation [NM_019105.7:¢.4957>T (p.Arg1653*)] was inherited from unaffected
mother.
MLPA, Multiplex ligation-dependent probe amplification; N. P.; not performed; WES, Whole exome
sequencing; +, positive; -, negative.
Decrease in sTNX concentration could be used as a risk factor for hEDS.
Yamada et al., Bio. Pharm. Bull. 42, 1596-1599, 2019.
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Unused , Peptides’ UniPot  Gene X iTRAQ ratio® . X
. %Coverage Protein name p value Molecular function
ProtScore (95%) number  Symbol Average + SE
3.4 12.8 3 P00736 C1R % Complement C1r subcomponent 140 £+ 0.1 0.0100 Complement
211.3 42.8 133 P04114  APOB Apolipoprotein B-100 126 = 0.05 0.0195  Ligand for LDL receptor
19.8 287 12 P04004 VTN ¥ Vitronectin 123 = 0.06 0.0344 Cell adhesion molecule
6.0 16.3 4 P02748 C9 % Complement component C9 115 + 0.12 0.0402 Complement
10.6 22.8 6 P04003 C4BPA | % C4b-binding protein a chain 110 + 0.09 0.0372 Complement
. Thyroxine and
6.2 52.4 4 Po2766 TTR Transthyretin 1.06 + 0.10 0.0171 retinol-binding protein

Watanabe et al., Int. J. Mol. Med. 37, 461-467, 2016
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