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Badkgmund Vascular-type Ehlers-Danlos syndrome (VEDS) is a severe autosomal
dominant inherited disorder resuling from mutations within the ol type I col-
lagen gene (COL3AI). The majority of published muutations are base changes lead-
ing to the substintion of single glycine residues within the triple-helical domain
of type 1T collagen. Although clinical characteristics and mutations in the COL3AI
gene have been analysed for some patients from Europe and America, similar
analyses have not yet been performed for Japanese patients with vEDS.

Objectives To analyse the genetic and phenotypic findings in Japanese patients with
vEDS.

Methods We analysed the clinical features of 20 unrelated individuals with vEDS.
To quantify type I collagen production, the fibroblasts were culured with
3varolimz. and the radiclabelled collagenous proteins were analysed using
sodium dodecyl sulphate-polyacrylamide gel electrophoresis and fluorography.
Mutations in COL3AI were detected by sequence analysis of ¢cDNA from patients’
fibroblasts and subsequently by a genomic DNA sequence analysis.

Results Thin and translucent skin with extensive bruising and hypermobility of the
small joints were observed in about 90% of the patients, whereas the prevalence
of serious clinical findings such as nupture/dissection/aneurysm of the arteries
(30%) or rupture of the gastrointestinal tract (25%) was relatively low. Sequence
analyses of the COL3AI gene demonstrated heterozygous point mutations leading
to glydne substitution in only nine patients (45%), while heterozygous splice-
site. mutations at the junction of the wiple-helical exons were observed in the
remaining 11 patents (55%). The average type I collagen production level in
the cultured dermal fibroblasts was 14'6% of the normal value. The types of
complication were not associated with specific mutations in COL3AL

Conchsion The analysis in the present series revealed a low frequenty of patients
presenting with serious clinical findings such as arterial rupture/arterial dissec-
don/aneurysm and pcxforation or rupture of the gastrointestinal tract, and
revealed a higher prevalence of splice-site mutadons at the junction of the uiple-
helical exons than of glycine substitution mutations in COL3AL.

€ 2019 The Authors
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Ehlers-Danlos syndrome (EDS) is a heterogeneous group of
heritable connective tissue disordess characterized by skin
hyperextensibility, joint hypermobility, easy bruising and ds-
sue fragility. According to the latest revised nosology, EDS can
be dlassified inte six major types: dasdal, hypermobility, vas-
cular, kyphoscoliosis, arthrochalasia and  dermatosparais.’
Vascular-type EDS {vEDS; OMIM 130050) & an autosomal
dominant frequency  of
1: 250 000;* vEDS is caused by a deficit in type Ul collagen
resulting from hetergeneous mutations in the a0 type Iif eol-
lagen gene (COL3A1).* The remarkable reduction n type [
collagen production arises from a dominant negative effea of
the mutated colligen molecule i fibeoblasts, crippling the
funaion of normal wlligen molecules produced by the wild-
type allde. vEDS differs from other types of EDS in that it is
associated with a higher risk of arterial ruprare or aneurysm,
gaswoimestinal perforation or rupture, and uterine rupture
during pregnancy, possibly leading to sudden death.® Estab-
lishing 2 comeat diagnosis of vEDS i extremely important
becanse the timing of the diagnosis can influence the padent’s
prognosis, Although some reports on the dinical character-
istics and COL3Al mutations in patients with vEDS from
Europe and America have been published, ™ similar analyses
in japanese patients with vEDS have not yet been done.

inherited  disorder  with  a

Here, we describe the clinical characieristics, type I collagea
levels in  cultured derma fbroblass, and
COL3Al gene mutations observed in 20 Japanese patients with
sEDS.

producton

Materials and methods

Ethics

The study protocol was approved by the ethical comminee of
Dokkyo Medical University, School of Medicine (Japan).
Informed consent was chbiained after an explanadon of the
procedures o all the patients with vEDS and the control group
volunteers.

Uinical data

The clinical dan for the 20 uardated individuals with vEDS
are shown in Table 1'% To make 2 dinical diagnosis of
¥EDS we used the Villefranche nosolegy (1997)." The dinicd
diagnoses were confirmed by a biothemicl demonszadon of
defective type 11 collagen production in cultured dermsal fibro-
blasts and mutation analysis of COL3AL.

Cetl culture

skin biopsy specimens from 4l the padents with vEDS and 15
healthy subjects were cbuined. Skin specimens from the
healthy subjects were obuined from individuals undergoing
plastic surgery after obtaining their informed consent. Dermual
fibroblast cultures were established from the skin biopsy spad-
mens using the outgrowth method, as described prwi:)us]*;.w

€ 2010 The Authors
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The cultures were mainuined in Dulbecco’s modified Eagle's
mediun (DMEM) containing 10% fetal bovine serum (¥85) in
a CO, incubator at 37 °C,

Analysis of newly synthesized collagen

To confirm the reducton in type 11 collagen producion in
culwred dermal fibroblasw, collagen synthesis in culred der-
mmul fibroblasts was analysed as described previcusly.'® Briedly,
dermad fibroblasts were cultured to confluence i 100 X 20-
nmi dishes in DMEM containing 10% FBS. Then, the fibro-
Blasts were incubated with DMEM containing 1% FBS and
5puCiml™! of '2,3-~[J!I] proline  {Amersham  Biosciences,
Amersham, UK.} in the presence of 50 pg mL™" of 1-ascorbic
acid 2-phosphate for 24 h. Labelled prowins secreted i the
culture medium were precpituted by the addition of 5% (final
concentration) trichloroacetde avid, and the precipitate was
dissolved in 0-05 mol L™' acete acid and digested with pep-
sin. Then, the labelled proteins were separated nsing sodinm
dodecyl sulphate-polyacrylamide gel dectrophoresis (5% poly-
acrylamide ge contining 36 mol 17" wrea) in the presence
or absence of 2Z-mercaptoethanol (which was added to reduce
the samples). The radicactive bands were detected using Huo
rography. The level of rype IIT collagen production in fibro-
Hasts from each of the patents was determined as follows.
First we performed densitometric scans of the bands of type
i collagen and wype I eollagen [x1() + 22(D] produced by
the dermal fibroblasis obrained from the patients and from
three age- and sex-matched controls. The densitomerric seans
were repeated three dmes. The level of type 1 collagen pro-
duction was then nermalized to the level of type I callagen
production, and the type III collagen production levels of the
patients were calculated as percenuges of the levels of the
contrels, and they were expresed as mean & SEM. The signifi-
ance of the differences between the data from the controls
and those from each patdent was determined by Student's
t-test.

Analysis of COL3A1 sequence

First the cDNA and then the genomic DNA of each patient
was analysed. Total RNA was extracted from cultured dernal
fibroblass using phenol/guanidinium  isothiccyanate (Trizol
reagent; lovitrogen, San Diego, CA, USA), and the ¢DNA
was synthesized using the Rever-Tra Ace-x kit (Toyuobo,
Osaka, Japan). Polymerase chain reaction (PCR) was per-
formed using primer pairs esnblished o allow the analysis of
the nudeotides encoding the entre triple-helical region from
COL3A1 cDNA. After confirming DNA amplification using aga-
wse gel elecrrophoresis, we conduaed direct sequencing using
the ABI PRISM 3100 genetic analyser (ABL Advanced Biotech-
nologies, Columbia, MD, US5A.). Genormic DNA was extraced
from the blood in accordance with a previously esublished
method,"” and the necessary portion was amplified usng PCR
and analysed by sequencing in a manner similar to that
described above. The National Center for Biorchnology nfor-

Journal Compilation € 2010 British Assodiation of Dermatologists ® British Joumal of Darmowlogy 2610 163, pp/ 04710

64



706 Ehlers-Danlos syndrome in fapanese patients, Y. Shimacka et ol

smerpuds sofuw sy a(d-temosea yisa

WED pur

d ol gy wdd

MRy o spaas)

tpey e jo &

£ 19HEL

© 2010 The Authors

pilation © 2010 British Associztion of Dermawlogists # British joumel of Dermatology 2010 163, pp704-710

Sournal Com

65



mation {NCBI) reference sequence, NM_000090, was used as
the mBNA reference sequence and NCBI reference sequence,
NG _007404.1, was used as the genomic DNA reference
sequence.

Results

Clinical features of Japanese patients with vascular-type
Ehlers-Danltos syndrome

Thin and transhocent skin (Fig. 1a) was observed in 90% of
the patients, and extensive bruising {Fig 1b) was noted in
90%. The characterisic facial appearance {praminent eyes,
thin nose and lobeless ears) (Fig. 1c) was present in 74% of
the patients; acrogeria (Fig. 1d) was present in 50%, hyper-
maohility of the small joinis (¥ig. le) was present in 4%,
paeamotherax was present i 40%, 2 positive family histery
was present in 30%, arterial rupture/arterial dissection/aneut
rysm was present in 30% and pedoration or rupuure of the

Fig 1. Clinical presentaion of Japanese patients with vascular-type
Ehlers-Danles syndrome, {(a} Thin, translucent skin {case &) {b)
extensive bruising {case 18} &)} characteristic facial appearance (rase
10} (d) zcrogeria {case 14Y; and () hypenmobility of the small
joints {cae 20).

© 2010 The Authors
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gastrottestinal tact was present in 25%. Of the 20 patients in
this series, nine were women, but anly one of them {case 13)
had ever been pregnant, and none of them had ever experi-
enced uterine rupture.

Analysis of type 111 collagen production by cultured
fibroblasts

The amount of type 1 collagen preduced in the medium was
significantly reduced in all the cell cultures originating from
patients with vEDS {Student’s trest, P < 0:01 vs. age- and
sex-mached contrels) (Fig. 2). The average type HI collagen
production level in the cultured fibroblasts was 146% of the
noemal value,

Identification of the COL341 mutation

I mutation analyses of the COL3AL gene, heterozygous point
munations leading w0 a glycine substitution in the tdple-helix
region of COL3Al were demonsuated in only nine patents
(45%) (Fig. 3a), while heterozygous splice-site mntatiens at
the junction of the triple-helical exons, resulting i outcomes
such as exon skipping, were ohserved in the remaining 11
individuals {55%) (Table 1). Of the 11 individuals, eight ex-
hibited single base substitutions at the splice donor sives thae
resulted in the deletion of & dngle exon in the mRNA 8 the
anly splice alteration (Fig. 3b.¢). Out of these eight patents,
sequences encoded by exon 24 were deleted i thres unre
lated individuals, whereas deetons of exons 16, 27, 41, 43
and 45 were each identified in one individual. The remaining

2ME

g 1(IIF
: :121)}

a2({l}

Fig 1. An example of the fluorograms for sodivm dodecyl sulphate~
polyserylamide gel electrophoresis of ollagen molewules obtained
from. dhe media of dermal fbroblast arlures of cells from a patiem
(P} {case 8) and an age- and sex-matched normal volumeer (N},
IME, 2-mercaptocthanol.
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(a) c.1151gra

GGTGCTCAAGGT CCT CCTGGCCC TCC TGGGATTAATGGT

Gly | Ala [GIn ] Gly [ Pro | Pro [ Gly[ Pro [ Pro [Gly [ le [Asn] Gly

»® * Adp ® x®
) Patient : exon{41) skipping
Exon40 | Exon41
l Exond2

© a.IVS41+2T>G

AGGGCC CACCAGG AGCTCCAGGC CCACTTGGGATTG
GG TG AAAGT GGG AAACCAG GAGCT A

Fig 3. Sequence analyses of rmutadons of

SR

CCCTCAGGGTGTCAAthgagt at agtcat tttce

COL3AL () An cxarople of a heterory gous
point mutabon of COLIAL that resulted in a
glyvine substingion. The arrow indicaes the
pasition of the point mutation, *Positions of
glycine residues (case 1), (b, ©) An example
of 3 heterozy gous point mustation of COLIAT
at sphive donor sites that resuled i skipping
of a single exon (case 17). {b} Analysis of
COL3AL <DNA fom the patient’s Bbroblasts;
one part of exon 42 was unreadable. {¢}
Analysis of the genomic DNA rovealed 2 point

mutation of T to G at denor splice site 42 of
intron 42 {g.IVS$1+2T>G). The arrow
indicates the position of the poim rmunaton.

three mutations were as follows: a small irserdon at the end
of the exwn Jeading to the indusion of panially inserted nude-
otides in the mRNA (Fig. 4a) (case 10); a snuall ddetion that
remaved the splice-junction sequences resnking in a single
exon skipping (Fig. 4b) {case 16); and 2 point mutation at a
donor site leading w a panid bron inclusion.”” Of the 20
patents, six had a family hislory compatble with the disease
{such ag sudden death), and 14 wen the first affectsd individ-

uals in their families. In six of the 14, we were able tw per-
form gene analyses in both parests (cases 5, 14, 16, 17, 18,
19) and were able w confirm de sove diseasecausing mutadons
i four {cases 5, 16, 17, 19). The same muration found
in the patient was found in the mother of the patient in cases
14 and 18, but the mothers did not have any clinical
nanifestations of vEDS and they were diagnosed with vEDS
genotypically.

€ 2010 The Authors
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[E)] Exonll Intron 11 Exonl2
ag| CACACAGA | gtaaetamagttt ag | GGCTTCGA-— Normal allcle
gtaaga Exonl2 6 bp Genomic insertion
........ ag| GACACAGA | CGTAAGA, gtaagtagag -ag [ GGC]:“I‘-C .
T e
m—/
[——GACACAGAGUAAGA [ GGCUUCGA ] mRNA 6nt Inclusion
[oS—
Exonll Exonl2
(b) Exondl Intron 41
ag = GGTGTCAAGIgtgagint;agtcagttgcriaccncu—-—« Normal allele
1
15 bp Genomic deletion
EQI——GGTGTCMJ ttteeaetaca ——agl42
——— _,,.M"—M
mRNA Exon skipping

Fig 4. Schermatic represenution of twe small genomic mulations of COL3AL {2) A small insertion at the end of the exon, leading to the indusion

of partially inserted nuelecddes in the MRNA (cse 10}, (b} A smail deletion that removes the splice junaion scquences, resuling in single exon

skipping {case 16).

Discussion

vEDS is caused by abnormalities in the synthesis of type III col-
lagen molecules that can be anributed o heternzy gous muta-
tions in COL3AL. Type Il collagen is a structural protein that is
widely distributed i the skin, blood vessels, ligaments and
pleuroperitoneal linings.® The protein conmins an uninver-
rupted central wiple helix consisting of repeating cassettes of
the general formmula (Gly-X-Y)i43, in which the first residue is
abways glydne and where X and Y are frequently proline or
lysine. To ensure the proper asembly of the %-monctimers,
the Gly-X-¥ repeas must not contan skips, and the length of
the triple helix must be the same for each a-chain. Three clas-
ses of COL3Al muution have been described as molecular
defects in individuals with vEDS.>7#59% pog muttions con-
sist of substimtions of other amino zcds for glycdne in the
Gly-X-Y repeats in the wiple-helix region of COL3A!, and this
clags accounts for about two-thirds of all mutations mponcd.g‘&
A seconed dass of mutations affects the splicing junctions of the
wiple-helix exons of COL3ALM '8 and this class accounts for
abour one-third of te mutations in previously reported cases.
A third dass of muations'® has been identified, i.e. muntions
such as frameshift mutatons that lead o premature termina-
ton codens that result in a nonfuncaional COI341 allele, bur
this class of murations s very rare. Interestngly, in the preseat
series, 55% of the COL3A1 mutions in the Japanese patients
with vEDS were splice-site muttions of the wiple-helix excns,
and the rest were glydine substtution matations. Japanese indi-
viduals with vEDS might have 2 high inddence of splice-site
muntons at e junction of die triple-helical exons in COL3AL

Four novel motatdons (in cases 1, 3, 4 and 7) in the present
series were recognized as substitutions for glydne residues in

3 2010 The Authors

the riple-hdix region of COL3AL. There were also four novel
mutacions in the present series (in cases 10, 15, 16 and 17)
that invelved the splicing junctions of the iriple-helix exons of
COL3AL. The muration IVS24+1G>A, which has been previ-
ously reponted,”” was found in tree unrelated individuals
with vEDS in the present series {cases 12, 13 and 14). Of
these, twe (cases 13 and 14) had frequent intestinal perfora-
gons, but the mother of one patient (case 14) who had the
same mutation in COL3AL as her child did not have any serious
complications. Case 12 dso did not have any serious corplica-
dons. These observatons confirm the phenotypic heterogene-
ity of vEDS within the same family and among unrelated
family members with the same COL3AL mutation, %%

This report summarizes the symptoms of vEDS, the type Il
collagen production levels I culnwred fibroblasis and the
COL3A1 mutadons in 10 Japanese patients with vEIS. One
other study has reporied the symptoms of vEDS and the
COL3Al mutations in five Japanese individuals with vEDS.*®
According to the latest revised nosology (Villefranche, 1997),'
the major diagnostic criteria for vEDS indude: (i) thin, trans-
lucent skin (i) arterial/mtesdgnalAuerine fragilicy or rupture;
(i) extensive bruising; and (iv) a characteristic fadal appear-
ance. The presence of two or more of my of the major crite
fia iz swongly suggesive of a diagnosis of vEDS, and
laboratory testng is stongly reconmuended to  comfinm
the diagnosis. In this report, the incidences of these major
diagnoste findings, with the exception of artexial/intesinal/
uerine fragility or ruptare, were relaively high: 90% for
thin, ranshucent skin: 90% for extensive bruising; and 68%
for the characteristic facial appearance. A notable finding was
the very high inddence of hypermobility of the small joints
{94%), which is regarded as 2 minor criterion for vEDS. A
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previous report’” asered that a high incidence of preumo-
thorax complications (30%) existed ameng their series of Jap-
anese patients with vEDS; huwever, an incidence of only 40%
for poeumothorax complicatinns was observed i the present
series. No assocdations beoween clinical findings and specific
mutations were ohserved in the present series, similar 10 pre-
vious repurts.”

The natural history of vEDS has been surmmanized awennding
to the dinical complications, resulis of therapeutic interven-
tion and information regarding survivad *° Twenuy-five per
cent of the patients with vEDS had a first eoroplication by the
age of 20 years, and more dan 80% had had ar leas one
complication by the age of 407 The analysis in the present
series revealed a low frequency of cases presenting with ser-
ous dinical findings, such as rupre of e arteries or gasro-
intestinad tract, As these serfous complicadons have heen
shown to increase with advancing age, the future developmen
of serious complications ameng the patienss in this series is
extremely likely, as the mean age of the parients was relatively
low {26 years) at the time of the analysis. Thus, measures for
responding to emergencies and careful follow-up we needed
for these patients.

Acknowledgment

We thank Miki Kanno and Takashi Namarame for their techni-
cal assistance.

References

1 Beighton P, De Pacpe A, Steinmann B et o Ehlers-Danlos syn-
drome: revised nosology, Yillefranche. | Mod Goet 1998; #7:3 17,

2 Fepin MG, Byers PH. Ehlers-Danlos syndrome, vascular type,
2006, Available from: hup://www.nebionim.nih.gov/bookshelf/
br.fegi ook = genefpant=edst (last acaessed 27 May 2010).

3 Dagleish R, The human collagen mutaton database 1998, Nudic
Acids Res 1999; 26:253-5.

4 De Pacpe A, Malfait B Bleeding and bruising in individuals with
Ehlers-Dankes syndrome and other collagen vasoular disorders, Br j
Heemetol 2004 127:3 91560,

§ Pope M, Narcisi B, Nicholis AC ot 2l COLIA! mumtions canse vari-
zhle climeal phenotypes including scrogeria and vascular ruprure.
Er ) Dervatel 1996; 135:163-81.

6 Kuivaniers H, Konwsaari §, Tromp G @ d. Hendeal G31 w0 A

mutations in three differont tnoons of the type & procollagen

gene {COL3A1Y produce different patterss of RNA splidug in dee
variants of hlers-Danlos syndrome. IV, An explananon for exon

skipping some mutatdons and not others, | Bl Chen 1930;

2651 2067~7 4.

Schwarze U, Goldswin JA, Byers PH. Splicing defects in the COL3AT

gene: murked preference for §° (doner) splice-sive mutadons i

patient with exon-skipping muations and hlers-Dankos syndrome

type IV, Am | Huam Gt 1997, 61:127 6-86.

& Pepin M, Schware U, Supeni-Furgs A et el Clinical and genetic
features of Ehlers-Danlos syndrome type ¥, the vasmlar type. N
Engl § Mad 2000; 3£2:673-20.

¥ Oderich GS, Pannccion M, Bower NM o ol The spectruns, man-
agement and clinial outcome of Ehers-Dardos syndrome type IV:
1 30-year experience. Vo Sarg 1005, $1:58-1C6.

10 Masushita &, Taksyanagi N, Bhiguro T ¢ o, A case of Ehlers-Dan-
los syndrome suspected from pulmenary hemaems due o disrup-
ton of the Jung, Nbon Kekyai Golkel Zoshi (Jepmes olition) 2009;
4770410,

11 Ishiguro T, Takaymagi N, Kawabata Y o d. Ehlers-Danks syn-
drome with recurrent spontancous pneumothorzees and aviary
Jesion on chest Xeray as the inidal complicadons, Iem Md 2009
48:71 722,

12 Sadakata B, Hatamochi A, Kodama X o o, A case of Ehlers-Danlos
syndrome type IV, vasaular type, demonstrated a newly recognized
point mutation in the COL3AL gence, intera Mod 2010; in press,

13 Omeri H, Hatamachi A, Koike M @ o, Sigmeid colon perforaden
induced by the vascular type of Bhlers-Danlos syndrome: report of
a case. Surg Todey 2010, in press,

14 Okita H, keda ¥, Misuhashi ¥ ad A novel point mmtation at
donor splice-site in intron 42 of type Bf wllagen gene resulting in
the inclusion of 30 nuclectides into the manre mRNA in 3 case of
vascular type of Ehlers-Danlos syndrome. Axh Demetd Rs 2019;
302:395-5,

15 Heischmajer R, Pelish 8, Krieg T ot sl Variability in collagen wd
Ebronectin synthesis by sderoderma Abroblasts in primary culture.
J tovest Deematod 19815 76: 4003,

16 Hata K, Kurata §. Shinkai H. Existence of mafundioning pro 2.2(5
collagen genes in 2 patient with a pro @2{i)-dhin-defective variant
of Bhlers-Danlos syndrome. Far | Bodian 1588; 1742317,

17 Hatamochi A, Ono M, Ucki H 2 4 Regulaton of collagen gene
expression by transformed human fibroblasts: decrexsed type 1 and
type Bl collagen RNA transcription. | Tt Dermatol 1991 96:473-7.

18 Kuivaniersi H, Tromp G, Prockop D}, Munitions in fibrillar collagens
(rypes 3, 1L 10, and X3), fibril-associated collagen {type X}, and net-
work-forming collagen ftype X} camse 3 spectrum of diseases of
bone, cartilage, and hlood vessels. Hum Musst 1997; 9:300-15.

19 Schwarze U, Schicvink W1, Retiy E ¢ o, Haploinswfhciency for onse
COL3AT allele of orpe 18 procolizges results in a phenotype sirnilar
to the vascular form of Ehlers<Danlos syndrome, Ehlers-Danlos
syndrome type [V, Am [ Hum Gext 2001; 69:98%9-1007,

W Watanabe A, Kosho T, Wada T eal Genetic aspects of vascular
wpe of Ehlers~Danlos syndrome (vEDS, EDSIV) in Japan. Ci
F2007; 712615,

~

@ 2010 The Authors

Joumal Compilation € 2010 Britich Association of Dermutologiss » Britih Jouumel of Dermetology 2010 163, ppI04~7 10

69



Biochemical and Blophysical Reseanch Communications A0% {2011) 368-372

Biochemical and Biophysical Research Communications

journal homepage: www.alsevier.com/locate/ybbre

Contents lists available at ScienceDirect

A novel mutation screening system for Ehlers-Danlos Syndrome, vascular type
by high-resolution melting curve analysis in combination with small amplicon
genotyping using genomic DNA

Banyar Than Naing * Atsushi Watanabe *™*, Takashi Shimada®®

* Deparmant of Blochemisy and Malecular Bialogy, Nippon Madical Schaol Tskye, Japan
* Division of Clinical Genetics, Nippon Madical Schod Hospital Tokys, jopan

ARTICLE INFO

ABSTRACT

Armicle history:
Received 29 Decomber 2010
Available online § Jamsary 2011

Keywsrds:

Ehlers-Danlos syndrome,

vascular type (vEDS}

(QLIAL

Mutation screening

High-resolution melting curve analysis
{hraaCay

Ehlers-Dandos syndrome, vascular type {VEDS) {MIM #130050} is n sutosomal domina nt disarder ¢aused
by type I procollagen gene{COL3AL} mutations. Mast COLAT mutations are detected by wsing total RNA
from patient-derived fibeoblasts, which requires an invasive skin biopsy. High-resalution melting curve
analysis (he MCA} has recently been developed 2s a past-FCR nutation scanning method which enables
simple, rapid, cost-cffective, snd highly sensitive mutztion screening of large genes. We established 2
hrMCA methad t screen for COL3AT mutations using genomic DNA. PCR primers pairs for COL3AT {52
amplicons } were designed ta cover sll coding regions of the 52 exons, including the splidng sites. We
used 15 DNA samples (8 validation samples and 7 samples of clinically suspected vEDS patients} in this
study. The eight known COLAL miutzlions in validation sarmples were all successfully detected by the
hrMCA In addition, we identified five novel COL2AT mutations, induding one deletion {¢.2187delA}
and one nonsense utation {€.29920T) that could not be determined by the conventional total RNA
method. Furthermore, we established & small amplicon genotyping (SAG) method for detecting theee
high frequency coding-region SNPs (rs1800255:6>A, 1s1801184:C, and 1$2271683: A>C) in COL2AT 1o
differentizte mutations before sequencing. The use of ReMCA in combinstion with SAG from genomic
DNA enables rapid detection of COL3A? mutations with high efficiency and specificity. A better under-
standing of the genotype-phenotype errelation in COL2A1 using this method will lead to improve in

diagnosis and treatment.

£ 2011 Elsevier Ine All rights reserved.

1. Introduction

Ehlers-Danlos syndrome, vascular type {(vEDS), formerly called
type [V EDS {MIM #130050) [12), is an autosomal dominant
disorder caused by heterogeneous mutations of the gene encoding
type IIE procollagen {CO13A1: MIM #120180) [3). Its main clinical
features are rupture of blood vessels or intemal organs such as
the uterus and bowel [4,5]. In the management of aneurysms, it
is important te distinguish patients with vEDS due to a COL3A1
mutation from other aneurysm syndromes with FENT or TGFBR
mutations, because tissue friability is different in these syndromes
[6]. Since COL3AI is compased of 52 exons, mest COL3AT mutations

Abbreviations: vEDS, Ehlers-Danles syndrome vascular type; COLIAL type ill
procollagen gene: hrMCA, high-resolution melting curve analysis; SAG, small
amplicon genatyping; «SNP, cading region single mixleotide polymorphism; Cr,
cycte thrashold: NMI, nonsense-mediated mRNA decay.

¥ Cermsponding author ar: Department of Biochemistry and Malecular Biokogy,
Nippon Medical School. 1-1-5 Sendagi, Bunkyo-kn, Tokyo 113-8602, Japan Fax: +81
35814 8156,
E-mail address: aw3T03@nms.ac jp (A Watanabe}

OD06-201X8 - see front matter © 2011 Elsevier Inc. All rights reserved.
doi 101018 bbre 2 11.01.01¥

have been detected using a reverse transcriptase PCR {RT-PCR) di-
rect-sequencing method with total RNA extracted from patient
fibroblasts, which involves an invasive skin biopsy and cell culture
[5]). Therefore, we considered an alternative rapid screening meth-
od to detect (OL3AT mutations from genomic DNA,

Most mutation screening methods such as single-strand
conformational polymorphism analysis [7], and denaturing high-
performance liguid chromatography [8) require post-PCR manipu-
lations, and are time consuming. A new mutation screening system
termed “high-resolution melting curve analysis™ (hrMCA) has
recently been developed for rapid scanning of sequence variants
[9«11]. The heMCA is a closed-tube method that requires only
one PCR reaction with fluorescence dye and melting analysis.
Because of its ease of use, simplicity, flexibility, low cost, nonde-
structive nature, and high sensitivity {98%) and specificity {99.4%)
[12], brMCA is guickly becoming the tocl of choice for mutation
screening, especially of large genes [13].

In this study, we evaluated the hiMCA method using genomic
DNA to screen the entire coding region of (0I3A1, In addition,
we applied detection of high frequency coding-region SNPs in
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(4341 before sequencing, which are difficult to differentiate from
mutations by hrMCA.

2 Materials and methods
2.1. Sampies

We used 15 genomic DNA samples {8 validation samples with
known COL3AT mutations to validate the hrMCA, and 7 clinically
suspected Japanese vEDS patients) in this study. Informed consent
was cbtained from each patient. Genomic DNA samples were ex-
tracted from the peripheral blood using standard procedures. Clin~
ically suspected vEDS patients were also analyzed by using the
total RNA method {RT-P(R direct-sequencing) as described previ-
ously [S].

22. PCR for the hrMCA method

We designed 52 PCR primer pairs covering the entire coding re«
gion of COL3AL, containing 52 exons and the adjacent exon-intron
junctions, by using the GemBank genetic sequence database
{GenBank ID: NM_000090.3) as the reference {Supplementary
Table 1). All primers were designed with the LightScanner Primer
Design software pregram {Idaho Technelogy, UT, USA). The number
of domains of each amplicon was predicted by Foland’s algerithm
{htep:f fwww.biophys.uni-duesseldorf.deflocal[POLAND/ poland.
hemi} [14]. For each amplicon, the best annealing temperature for
DNA amplification was determined by using a gradient temperat ure
of 38 “Cto 72 °C ina CFXS6 Real-Time PCRdetection system{Bio-Rad
Laboratories, CA, USA) with control genomic DNA. DNA amplifica-
tion was performed for each amplicon in 96-well microtiter plates
with a 10-p! final volume containing 20 ng of genomic DNA
200 pM each of deoxynucieotide triphosphates {dNTPs), 1 = LCGreen
Plus {Idaho Technology), 1x Ex Taqbuffer, 0.5 U of Ex Tag enzyme
{Takara Bio, Shiga, Japan), and 0.25 pM of each primer.

The thermocycling conditions were: 2 min at 95 °C, followed by
45 cycles of amplification consisting in 30s at 94°C and 30s at
gradient temperature from 62 *C to 67 °C. To promote heterodu-
plex farmaton, the samples were subseguently denatured by heat-
ing to 94°C for 30 s and cooled to 25°C for 30 s

23, hiMiICA

After the PCR, the plates were imaged in a 96-well LightScanner
instrument {Idaho Technology) to examine the differences in the
melting cunves berween the patient samples and the control The
plates were heated at 0.1 *C/s, and the fluorescence was measured
from 70 *C to 98 “C. The melting curves were analyzed by using the
LightScanner Call IT 15 software program {ldaho Technology}
according to the manufacturer’s protocol. Al melting curves devi«
ating from the wild-type curve and appearing as a different color in
different plots potentially contain a variant.

24. Small amplicon genotyping {SAG) for coding-region SNPs { £SNPs)
in COL3AL

We used a SAG method based on hrMCA to genotype three
cSNPs with high frequency in COL3AT [15,16]. These include
rs1800255:G>A, r1801184:T>C, and rs2271683:A>G on exons
31, 33, and 49 of COL3AL, respectively. All three primer pairs were
set on each exon so that the same primer pairs could be used for
both genemic DNA and cDNA to detect the sequence discrepancies
between genomic DNA and ¢cDNA of the same patient {Supplemen-<
tary Table 2}

71

DNA amplification was performed in a 96-well plate witha 10-
pl final volume containing 4 pl of 25 % high-sensitivity genctyping
master mix {ldaho Technology}, 1 pM of each primer, and 20 ng of
genomic DNA or cDNA derived from 25 ng of total RNA. The ther-
mocycling conditions were: 2 min at 95 °C, followed by 45 cycles
of 30s ar 94 “C and 305 at 726 *C {rs1801184 and rs2271683) or
74.7 °C {rs1800255). After PCR, the plate was imaged in a Lights-
canner and genotype identification was performed manually by
using internal calibration.

2.5. Cycle sequencing

Samples from vEDS patients showing abnermal hrMCA profiles
were sequenced with BigDye Terminator v3 {Applied Biosystems,
CA, USA) according to the manufacturers protocol and analyzed
with ABI Prism 3130 { Applied Biosystems}.

3. Results
3.1. Primer design and PCR optimization for hrMCA of (01341

The optimized PCR primers for the entire coding region of
COL3A! are shown in Supplementary Table 1. The amplicon length
was 124-330 bp, and the best annealing temperature was between
62¢C and 67°C. There were 45 amplicons with two domains
(which are a result of a high GC region with differences within
the same amplicon) and seven amplicons with one domain. The ex-
pected number of domains by Poland’s algorithm and the actual
hrMCA-derived number of domains were almost the same (97%
comrect; data not shown). To maximize the sensitivity, the frag-
ment of exon 49 was split into two amplicons.

3.2, COL3A1 mutation screening by hrM(A

After determining the best conditions, we set up a (OI3A!
mutation screening system based on hiMCA using genomic DRA
In this system, three patient samples and one control could be
simultaneously analyzed in three 96-well plates (data not shown).
When we started to check the differences in the melting curves be
tween the patient samples and control by hrMCA, we obtained
false positive different melting curves with the same nucleotide se-
guences in the same amplicon. These samples showed a large dif-
ference in Ct values, a fractional number of cycles in the PCR
amplification curve of the real-time PCR, in the same amplicon de-
tected by the real-time P{R detection instrument. The Ct value
should be the same for each amplicon when the same primers
are used to assay the mutant target [17]. In this study, the Ct value
of each amplicon was 23-33{mean = 25) (data not shown). There-
fore, we used of all the samples with the same Ct value (Ct£0.7)
within the same amplicon to reduce the false positives.

In eight validation samples, all mutations were correctly identi-
fied (Table 1A), including five missense {Fig. 1A~D) and three
splice-site {Fig. 1H and I) mutations. Next, among clinically
suspected vEDS patients, we found COL3AT mutations in seven
patients, including five novel mutations, by the htMCA method
followed by sequencing {Table 1B). The mutaticns included two
novel missense mutations {c.539G>A; Rg. 1E, and c2150G>A;
Fig. 1F). three splice-site mutations {one novel splice-mutation at
€.897+1G>C; Fig. 1G and two at ¢.1662+1G>A; Fg. 11}, one novel
nonsense mutation {c2992C>T; Fig. 1)) and one novel deletion
mutation {1-bp) in exon 32 {c.2187delA: Fig. 1K} We also evalu-
ated six of the seven suspected clinical samples by the total RNA
method, but the nonsense mutadon found by the hiMCA in
genomic DNA could not be detected by the toral RNA method.
The deletion mutation {c.2187delA) had a frameshift, leading to a
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cSNPs is present in more than half of the Eurcpean or jJapanese
population {(http:{fwww.nebinlm.nih.govfsnpj). Therefore, to pre-
dicr the common heterozygous cSNPs in COL3AT by the SAG meth-
od is impornant to reduce unnecessary sequencing. By the 5AG
method {Supplementary Table 2), both genomic DNA and ¢DNA
from the same patient showed the same reproducible pattern for
all threa cSNPs {Fig. 2A-C), and we could clearly differentiate be-
tween the wild type {homozygous) and the SNP type {heterozy-
gous) for all three cSNPs.

When this SAG method was applied for the patient with the
nonsense mutation, the results showed different melting curves
between genomic DNA and cDNA at two heterozygous cSNPs
{rs1801184:T>C, and rs2271683:A>G) {Fig. 2D and E), suggesting
that there were nuclectide discrepancies between genomic DNA
and cDNA of the same patient. In this sample, we also found se«
gquence discrepancies berween genomic DNA and ¢DNA at the
two heterozygous ¢SNPs and the nonsense mutation position
{€.2992C>T) by sequencing {data not shown).

4. Discussion

We successfully established a method for mutation screening of
the entire coding region of COL3AT for diagnosis of vEDS using gra-
dient PCR reactions and the hrMCA method for genomic DNA, fol-
lowed by sequencing of abnormal hrMCA exons. By this method,
COI3A1 mutations can be screened easily and rapidly with high
sensitivity and specificity without an invasive skin biopsy proce-
dure. In addition, this system enables to detect more CO13AI muta-
tions caused by nonsense-mediated mRNA decay {NMD}, nonsense
mutations and small deletions that could not be detected by the
conventional total RNA method.

For screening COL3AT mutations, two imporntant factors were
noted that indicate the superiority of the hrMCA method. First,
COL3A1 mutations are heterozygous in an autosomal dominant
manner, which favors higher sensitivity and specificity in hiMCA
than those for homozygous mutations [21,22]. The heterozygous
detection rate has nearly 100% sensitivity 23], because heterozy-
gotes form a proportion of heterodupiexes which melr differently
to perfectly matched homoduplexes [24). Second, the nucleotide
levels in COL3AT mutations are preferable for hiMCA becausea high-
er difference in the melting temperature resultsin a greater differ-
ence between the mutant melting curve and the control as
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determined by the hiMCA method [15]. The mutartion pattemns of
G/A or T{Cand G/T or A{C had a melting temperature that differed
by 2 *C from the control, whereas the G/C or AJT patterns had only
a 1*C difference {12,15). According to the reported COL3A muta«
tions, more than 85% of the missense and splice site murations
showed G/A orG/T or T/C patterns {Human Gene Mutation Database
{HGMDB; hoep:ffwww.hgmd.cfacukfacfall.php}), which can bea eas-
ily detected by the hrMCA method because of the greater melting
temperature difference between the mutant and the wild type.

In determining the hriMCA conditions for the primer setting in
each exon, the number of melting domains, which are a result of a
high GC difference within the amplicon, should be considered, The
number of domains for each amplicon could be predicted by Po-
land’s algorithm before making the primers. Because hrMCA
depends on the GC content of the amplicon, multiple domains can
mask the presence of a mutation. Some researchers argue strongly
for the use of small products, and against the use of multiple do-
mains [2526], bur the optimal number of domains for hiMCA is still
unclear| 22].In ourexperment,we were able to generate the ampli-
conwithshortest possible lengthineach exon containing oneortwo
melting domains because the lengthof eachexonof COL3A 1 is short

It is important to reduce the false-positive results abtained by
hrMCA. Samples with insufficient amplification should be reana-
lyzed Fomthe PCR stepin hrMCA [ 14). However, it is sometimes dif-
ficultto determine whether amplificationis sufficient. Therefore, we
used the same Ct value {(Ct £ 0.7)as a standard which is easy toeval-
uate, and the number of false-positive samples was reduced. For
amplificationof hiMCA samples, itisimportant to selectthe samples
that have the same Ctvalue in each amplicon using a real-time PCR
detection system.

In the present study, a nensense mutation {¢2992C>T) could be
detected only from genomic DNAby the hiMCA method, but not by
the total RNA method. This discrepancy between genomic DNA and
C¢DNA occurs because mRNA of the mutant allele does pot mature
as a result of NMD [27). The deletion mutation{c2187delA} in this
study [eads to a frameshift, causing a premarure termination codon
inexon 35 and is predicted not to be detected by the conventional
total RNA method because of NMD |27 28]. In COL3AI, the reported
mutations with NMD are very rare compared to other collagen
gene mutations that cause diseases, because most (0347 muta-
tions have been detected previously using the total RNA method
The hrMCA method using genomic DNA in this study showed

A Fuaucoun

Fig. 2. COL3AT <SNP detection by the SAC method using genomic DNA and cDNA from the same individual: { A~C) Different melkting curve pactems are shown between wild-
rype (homozygous] and SNP-type (hererozyzous) in three common cANPs. {A] rs180008%:CxA in axon 31 {(G/C, GIAL A/AL (8] s1801180T>C in exon 43 (1T, TiCk (O3
2 2NERIASC in exon 48 [AJA AJG] genctypes, (D and E) Melting curve discrepancies betwesn genomic DNA and <DNA are shown in QULIA T nonsense mutation patient
compared to the contrel. (D] s1801184°0>C inexon 33 and {E] 11227 168300 in exon 45,
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higher mutation detection efficiency than the total RNA method.
The number of mutations in COL3A1, including those caused by
NMD, will likely be increased by mutation screening using genomic
DNA. Screening of COL3AT mutations should be performed for the
entire coding region of the gene by using genomic BNA feor ail pa-
tients showing the typical features of vEDS, regardless of whether
there are negative findings based on a ¢cDNA analysis, because non-
sense mutations can occur at any position in the coding region

Our SAG methed enabled screening of the three most common
¢SNPs with high frequencies in COI3AI, and for prediction of ¢SNPs
or mutations before seguencing. By the SAG method, nonsense
mutations with any of the heterngeneous cSNPs of (OI3Af can
be predicted by checking for discrepancies between gzenomic
DMA and cDNA. Therefore, our establishment of hiMCA for exon
screening in combinatien with SAG of ¢SNPs from genomic DNA
enables detection of COL3AT mutations with high sensitivity and
spedificity using a minimally-invasive procedure.

Emphasizing the importance of the new screening methed,
NMD has been shown to modulate the dinical outcome of genetic
diseases [28]. In COL3A1, the phenotype severities might ditfer be-
tween different types of COL3A! mutations [28). In the case of mis~
sense and splice-site mutations, production of the COI3A1 protein
is reduced to one-eighth of the usual amount because of a domi-
nant negative effect [2]. However, in the case of mutations with
NMD, such as frame shift and nonsense mutations, the preduction
of COL3A1 is reduced by half because of haploinsufficiency. Ap-
proaches to protect transcripts containing a premature termination
codon from NMD could potentially be used as an alternative treat-
ment [29]. A berter understandingof the genotype-phenotype cor-
refation in COL3AT using this method will lead to improve in the
diagnosis and treatment of vEDS.
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We previously described two unrelated patients showing char-
acteristic fadal and skeletal features, overlapping with the
kyphoscoliosis type Ehlers~Danlos syndrome (EDS} but without
lysylhydroxylase deficiency {Kosho et al. {2005} Am J Med Genet
Part A 138A:282-287], After observations of them over ime and
encounter with four additional unrelated patients, we have
concluded that they represent a new clinically recognizable type
of EDS with distinet craniofacial characteristics, multiple
congenital contractures, progressive joint and skin laxity, and
multisystem fragility-related manifestations. The patients ex-

hibited strikingly similar features according to their age: cranio-
facial, large fontanelle, hypertelorism, short and downslanting
palpebral fissures, blue sderae, short nose with hypoplastic
columella, Jow-set and rotated ears, high palate, long philtrum,
thin vermilion of the upper lip, small mouth, and micro-retro-
goathiain infancy; slender and asymmetric face with protruding
jaw from adolescence; skddetal, congenital contractures of fin-
gers, wrists, and hips, and talipes equinovarus with anomalous
insertions of flexor musdes; progressive joint laxity with
recurrent dislocations; slender and/or cylindrical fingers and
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progressive talipes valgus and cavam or planus, with diaphyseal
narrowing of phalanges, metacarpals, and metatarsals; pectus
deformities; scoliosis or kyphoscoliosis with decreased physio-
fogical carvatures of thoracic spines and tall vertebrae; crtane
ous, progressive hyperexiensibility, bruisability, and fragility
with atrophic scars; fine palmar creases in childhood to acrogeria
-like prominent wrinkles in adulthood, recurrent subcutaneous
infections with fistula formation; cardiovascukar, cardiac valve
abnormalities, recarrent large subcataneous hematomas from
childhood; gastrointestingl, constipation, diverticula perfors-
tion; respiratory, (hemojpneumothorax; and ophthabnological,
strabismus, glaucoma, refractive errors. © 2010 Wiley-Liss, i

Key words: a new type Fhlers-Danfos syndrome; craniofacial
characteribtics; mukiple congenital contracturesy joint Laxitys aki-
pes deformities; kyphoscoliosis; skin laxivy; muodtisysterm fgilinyg
recurrent subotaneses hematomas

INTRODUCTION

The Ehlers-Danlos syndrome (EDS) is a heterogeneous group of
heritable connective tissue disorders affecting as many as 1 in 5,000
individuals, characterized by jointand skin laxity, and tissue fragility
[Steinmann et al., 2002]. The fandamental mechanisms of EDS are
knownto consist of dominant-negative effects or haploinsufficiency
of mutant procollagen o-chains and deficiency of collagen-process-
ing-enzymes [Mao and Bristow, 2001]. In a revised nosology,
Beighton etal. [1998] classified EDS into six major types: (1) classical
type (OMIM#130000) (causative gene, COL5AJ or COLSAZ affect-
ed protein, atl(V) or «2(V) procollagen), (2) hypermobility type
{OMIM#130020) { TNXB; tenascin-XB, in a small subset of cases),
{3) vascular type (OMIM#130050) (COL3A L o 1{11T) procollagen),
(4)  kyphoscoliosis  type (OMIM#225400) (PLOD; lysyl
hydroxylase), (5) arthrochalasia type (OMIM#130060) (COLIA!
or COLIAZ al{T) or aX{1} procollagen), and (6) dermatospraxis
type (OMIM#225410) {(ADAMTS2 procollagen 1 N-proteinase).
Additional minor variants of EDS have been identified with molec-
ular and biochemical abnermalities Britde cornea syndrome
(OMIM#229200) (ZNF469) [Abu et al., 2008], EDS-like syndrome
due to tenascin-XB deficency (OMIM#606408) (TNXB, tenascin-
XB) [Schatkwilk et al, 2001}, progeroid form (OMIM#130070)
(B4GALTY; xylosylprotein 4-beta-galactosyltransferase) [Kresse et
al, 1987], cardiac vabvular form (OMIM#225320) (COLIAZ o 2(1)
procollagen) [Schwarze et al,, 2004}, and EDS-like spondylocheir-
odysplasia (OMIM#612350) (SLC39A1 % a membrane-bound zinc
transporter) [Giunta et al,, 2008].

We previously described two unrelated patients showing char-
acteristic fadal and skeletal features, with similarities to kyphosco-
liosis type EDS but without lysyl hydroxylase defidency [Kosho
et al, 2005]. After observations of them over time and encounter
with four additional unrelated patients including one reported by
Yasui et al. [2003], we have concluded that they represent a new
clinically recognizable type of EDS characterized by distinct aa-
niofacial features, multiple congenital contractures, progressive
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joint and skin laxity, and progressive multisystem complications
associated with tissue fragility induding recurrent large subcuta-
neous hematomas. Here, we present detailed dinfcal courses of the
six patients to delineate the disorder.

CLINICAL REPORTS

Patient 1

The patient is a now 16-year-old Japanese girl. Part of her history
was described previously [Kosho etal., 2005]. She was the first child
of ahealthy mother and a healthy non-consanguineous father, both
19 years of age. She was born by normal vaginal delivery at 42 weeks
of gestation. Her birth weight was 2,724 g (—1.35D),length 50.0 am
{—0.1 SD), and OFC 32.5cm {— 1.0 SD). She was admitted for the
treatment of hypoglycemia, hyperbilirubinemia, and left talipes
equinovarus (Fig. 1]). Her craniofacial features induded a large
fontanelle, hypertelorism, short and downslanting palpebral fis-
sures, blue sclerae, a short nose with a hypoplastic columella, low-
set and rotated ears, a high palate, along philtrum, a thin upper lip
vermilion, a small mouth, and micro-retrognathia (Fig. 1A). She
had arachnodactyly, flexion-adduction contractures of bilateral
thumbs, flexion contractures of the metacarpophalangeal {MP)
and interphalangeal (IP) jointsin the other fingers (Fig. 1EF),and
rigidity of bilateral hip joints. She suckled poorly, and was admitted
again for the treatment of dehydration at age | month. Talipes
equinovarus was treated with serial plaster casts, and was surgically
corrected at age 2 years. Anomalous insertions of the flexor muscles
were observed at the operation. Gross motor development was
delayed: she sat at age 10 months and walked unassisted at age
2 years, Her skin was easily torn, but showed normal hemostasisin
open wounds. Her face became longer with bushy and arched
eyebrows and a pointed chin (Fig. 1B). Atage 4 years, she developed
a large subcutaneous hematoma over the ocdput after falling,
followed by acute hemorrhagic anemia that required admission
and transfusion of hemostatic agents and packed red cells. During
the admission, she was suspected to have EDS. At age 6 years,
she developed a large subcutaneous hematoma over the temporo-
occipital region after falling, requiring admission and intravenous
administration of hemostaticagents. She had recurrent dislocations
of the shoulders, elbows, and knees.
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When first seen by us at age 7 years, she weighed 19.2kg (—1.0
SD), height 123.8 am (+0.8 SD), and OFC 51.5 cm (0 SD). She
had generalized joint laxity, a straight back with scoliosis, and
cylindrical and slender fingers. Her skin was hyperextensible,
bruisable, and fragite with multiple atrophic scars. Hyperalgesia
to pressure such as measaring blood pressure at the upper arms was
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noted. Ophthalmological examinations showed microcornea and
hyperopia. Otological examinations showed narrow middle ear
spaces and hearing impairment of high-pitched sounds. Heart
murmurs were not audible, and cardiac ultrasonography showed
trivial mitral valve regurgitation. Her bladder was dilated with
urinary retention and frequent cystitis, requiring manual pressure
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voiding. She developed a large subcutaneous hematoma over the
buttock after falling, requiring surgical drainage. Treatment with
temporary intranasal administration of 1-desamino-8-v-arginine
vasopressin (DDAVP) after injuries was started.

At age 11 years, she weighed 29.5kg (-2 $D), height 148.1 cm
(+0.2 SD), and OFC 34 am (+0.2 SD). She had aslender faceand a
Marfanoid habitus with pectus excavatam and progressing talipes
valgusand planus (Fig. 1K), Fne palmar aeasesand aganglion on
the left foot were noted. Hyperopia had improved and frequency of
otitis media had decreased. Urinary retention persisted but manual
pressure voiding was not necessary. Heart murmurs were audible,
and cardiac ultrasonography showed moderate tricuspid valve
regargitation, prolapse of the tricuspid and mitral valves, and
left-to-right shant via a small atrial septal defect.

At age 12 years, menarche occurred. Kyphoscoliosis progressed
with fumbago, necessitating a brace. The ganglion on the left foot
was punctured and jellylike contents were suctioned, but soon it
swelled again. Persistent urinary incontinence oceurred, and uro-
fogical examinations showed involuntary contractions and hypes-
thesia of the bladder with normal voiding function. She developed a
farge subcutaneous hematoma around the head and face after
hitting the forehead on a dvor mirror, with a dedine of hemoglobin
concentration from 13.4 to 7.7 g/dl in several hours, and was
admitted in an intensive care unit {ICU).

She had severe constipation (defecation once a week) and
sometimes diarthea (after having oily or watery foods), treated by
medication of Lactebaccitus and lactulose from age 15 years. Large
bowel sounds resembling a frog-croak were frequently heard. Atage
16 years, acute gastric ulcer occurred in the antrum, leading to
massive hernatemesis. Gastric obstruction soon progressed, and
treatment with a proton pumpinhibitor and intravenous hyperali-
mentation {IVH) was not effective. A large thrombus developed at
the site of inserting an TVH catheter, and an inferior vena cava filter
was placed. Distal gastrectomy with Billroth | reconstruction was
performed, complicated by a massive hematoma in the rectus
sheath necessitating intranasal administration of DDAVP and
transfusion of packed red cells and fresh frozen plasma. She
attended a class for handicapped children from her junior high
school days due to her physical fragilityand mild learning disability.

When last seen by us at age 16 years, she weighed 49.4kg (-0.4
SD), height 159.2cm (+0.3 SD), and OFC 55.8 am (0.2 5D). Her
facewas slenderwith apmtruding jaw (Fig. 1 C,12). Shesuffered from
lumbago because of progressive kyphoscoliosis The distal IP joints
inbilateralindex tolittle fingers and the [P joints in bilateral thumbs
could hardly be flexed or extended (Fig. 1G,H). The proximal [P
jointsin bilateralindextolittle fingers and the M Pjointsinall fingers
could beflexedand extended, but could notbemoved separately and
smoothly (see supporting information Video 1 which maybe found
in the online version of this artide). She had chronic dislocations of
bilateral distal radio-ulnar joints and radial heads. Bilateral talipes
valgus and planus progressed with extremely soft subcutaneous
tissues at the heels (Fig. 11), resulting in difficulty in walking. The
IP joints in bilateral toes could not be moved and metatarsopha-
langeal joints could only be moved slightly. Shehad skin redundancy
(Fig. 1M) and fragility with atrophic scars (Fig. IN), fine palmar
creases {Fig. 1H), and recurrent subcutaneons infections at the
elbows (Fig. 11) and the buttocks with fistula formation.

Patient 2

The patient is a now 32-year-old Japanese woman. Part of her
history was described previously {Kosho et al,, 2005]. She wasborn
at term as the third child of a healthy 27 -year-old mother and a
healthy 37-year-old father, who were first cousins once removed.
Her birth weight was 2,500 g { —2 SD) and two elder sisters were
healthy. She suckled poorly, and was gavage fed for the first week of
life. At age 9 weeks, she was admitted for the trestment of muldple
contractures. Her craniofadal features induded a large anterior
fontandle, hypertelorism, strabismus, short and downshnting
palpebral fissures, a short nose with a hypoplastic columella, low
-set and rotated ears, along philtrum, a thin upper lip vermilion, a
high palate, and micro-retrognathia {Fig. 2A). Skefetal features
induded extension contractures with ulnar deviaton of bilateral
wrists, flexion-adduction contractures of bilateral thumbs, flexion
contractures of the MP joints in bilateral middle to litde fingers,
extension contractures of the distal IP joints in bilateral index to
little fingers { Fig. 2E,F), bilateral talipes equinovarus (Fig. 2I), and a
congenital dislocation of the right hip. Active movement of her
fingers was poor. Mild skin hyperextensibility was noted. Talipes
equinovarus and finger-wrist contractures were treated with serial
plaster casts.

Atage ! yearand 2months, she underwent surgical correctionsof
bilateral talipes equinovarus. Anomalous insertions of the flexor
muscles  the tibialis posterior to the talus [normal, navicular and
arneiform bones}, the flexor digitoram longus to the abductor
hallucis masce [normal, bases of distal phalanges of four lesser
toes], and the flexor halluds longus to the calcaneus [normal, base
of distal phalanx of hallux}) (Fig. 3) were shown to cause talipes
equinovarus and inability to flex toes. Tendon sheaths of the
muscles were hypoplastic, and surrounding tissues were fragile
and hyperextensible. Skin hyperextensibility became more evident
with frequent bruises. At age 2 years, dislocation of the right hip
was treated through overhead traction and manual reduction
under general anesthesia. Her tentative clinical diagnosis was
Freeman-Sheldon syndrome

Gross motor development was delayed: she raised herhead at age
4 months, sat unassisted at 7 months, stood up assisted at 2 years
and 6 months, cruised furniture at 3 years, and waked alone with
short leg braces at 5 years. Generalized hypotonia and joint laxity
became evident, and bilateral talipes valgus and cavus progressed
{Fig. 2]). Her face became longer with drooping eyelids and bushy
eyebrows (Fig. 2B). Atage® years, dislocations of theleft hipand the
patella occurred, which were reduced manually. She also developed
a subcutaneous hematoma around the left knee that required
surgical drainage. She had constipation, and from incontinence
and recurrent urinary tract infections associated with an atonic
bladder and urinary retention. She had visual impairment from
myopia and astigmatism, and impaired hearing for high-pitched
sounds. Atage 8 years, she developed awound on the buttocks after
falling, followed by bacterial infectionsand fistula formation, which
lead to skin defects including decubitus necessitating plastic sur-
gery. Atage 11 years, she fell and developed a large subautaneous
hematoma over the head, requinng surgical drainage and transfu-
sion of packed red cells. At age 12 years, she had dislocation of the
left patelta and left shoulder after minor injuries, which were
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reduced manually. Her [Q was normal at 99. She attended aschool  left. She became exhausted easily. Frequent distocations of the
for handicapped children because of limitations of daily activities  shoulders and elbows were reduced manually by her. Scoliosis was
bound to awheelchair. Her dinical diagnosiswas confirmed asEDS.  also noted.

At age 15 years, her height was 140cm (—3.2 SD). She had marked At age 24 years, she underwent surgery for colonic pedforation
muscle weakness with grip power 5 kg in the right and 2kg in the  assodiated with diverticulitis. At the operation, multiple colonic
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diverticula were observed. At age 26 years, visual impaiment
progressed due to bilateral glaucoma with an elevation of intraoc-
ular pressure (IOP) to 20 mmHg in the right eyeand 21 mmHg in
the lefteye,accompanied bya decreased visual field. Atage 28 years,
she suffered from a right pneumothorax, treated with chest
tube drainage. Acute cystitis also occurred, and cystolithiasis was
detected in the follow-up ultrasonography.

When seen by usat age 28 years, she was wheelchair-bound. She
had a dender face with aprotruding jaw (Fig. 2C D). Her thoraxwas
flat and thin. Her fingers were cylindrical She had mild flexion
contractures of the distal [P joints in bilateral index to little
fingers, mild flexion-adduction contraczures of bilateral thumbs
{Fig. 2G,H), and chronic dislocations ofbilateral distal radio-ulnar
joints and the left radial head sccompanied by ruptured tendon
of the extensor pollicis longus musde, She also had talipes valgus
and cavus with extremely soft subcutaneous tissues at the heels
{Fig. 2K). She could rarely flex or extend the left thumb or all toes.
Her skin was redundant, bruisable, and fragile with atrophic scars.
Prominent wrinkles in the palms showed acrogeria (Fig. 2H). She
showed hyperalgesia to pressure such as measuring blood pressure
at the upper arms. She had chronic subcutaneous abscesses with
fistula formation at the elbows and buttocks. She suffered form

severe constipation (defecadon once a week) requiring oral lax-
atives and Lactobaccilus, but sometimes had diarrhea. Large bowel
sounds resembling a frog-croak were frequently heard. Cardiac
ultrasonography showed no structural or functional abnormalities
in the mitral or aortic valve.

When lastseen by usatage 3 L years, shesuffered from progressive
visual field loss, although TOP was controlled within the range of
14-16 mmHg thro ugh topical administration of a prostaglandin F2
o derivative (latanoprost) and a B-adrenergic receptor blocker
{timolol).

Patient 3

The patient, now a 32-year-old Japanese man, was the firstchild ofa
hedthy 31-year-old mother and a healthy 25-year-old father, who
were first cousins. His younger sister was healthy. He was delivered
by vacuumextraction at 40 weeks of gestation. His birth weightwas
3300 g (+0.5 SD), length 52.0cm (+1.3 S, and OFC 35.0m
{+0.8 SI)). He was admitted for the treatment of orthopedic
complications. He had a triangular face with a large skull, a large
anterior fontanelle, hypertelorism, short and downslanting palpe-
bral fissures, strabismus, a short nose with a hypoplastic columella,
low-setand rotated ears, a long philtrum, a thin upper lip vermilion,
a small mouth, and mico-retrognathia (Fig. 4A). His skeletal
features included extension contractures of bilateral wrists, flexion
<adduction contractures ofbilateral thumbs, flexion contracturesot
the MP joints in bilateral index to little fingers, of the proximal 1P
joints in the right indexand middle fingers, and of the distal IP joint
in the left middle finger; extension contractures of the other 1P
joints (Fig. 4D,E), rigidity of bilateral hip joints, and bilateraltalipes
equinovarus (Fig. 4H). His skin was redundant witha lot of creases
(Fig. 4D,E). Widely spaced nipples and bilateral cryptorchidism
were noted. He was diagnosed as arthrogryposis. Talipes equino-
varus was treated with serial plaster casts, and was surgically
corrected at age 1 year and 8 months. He also underwent tendon
transplantations for defects of tendons to bilateral thumbs, and
orchiopexy.

At age 6 years, he developed a subcutaneous hematoma over
the battocks after falling, followed by bacterial infections and
fistula formation. At age 8 years, a large subcutaneous hematoma
occarred spontaneously over the head and progressed acutely with
Ioss of consciousness, treated with emergency surgical drainage and
transfusion of packed red cells. Large subcutaneous hematomas
occurred in theleft elbow at age 11 years, on the right shin followed
by a ruptare of another vessel, which spread the hematoma from
the thigh to the ankde and made him bedridden for a month at age
14 years; on the right ankle necessitating admission ar age 19 years,
onthe left arm making him bedridden for 2 months at age 26 and
27 years, and on the right shin making him bedridden for 2 months
atage 29 years He also sutfered from recurrent joint dislocations of
the right knee twice atage 910 years and the left shoulder five times
atage 22-27 years. Hewas admitted for the treatment of bronchitis,
leading to hearing impairment. At age 29 years, a rapture of a small
intestine diverticulum was treated with emergency surgery.

When referred to us at age 30 years, his weight was 45kg
{—1.7 SD) and height 178 an (+1.2 SD). He could walk indepen-
denty but used a wheelchair when hewentout. Hehad a skull with a
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prominent occiput and a lot of white hair, and a slender and  flatand thin thorax and kyphoscoliosis. His fingers wereslenderand
asymmetric face with hypertelorism, strabismus, blue sclerae, a  cylindrical. He had contractures of fingers and toes with limited
shortnose with a hypoplastic columella, low-set rotated ears,a long ~ flexion or extension (Fig. 4F,G.I), chronic dislacations of bilateral
philtrum, a thin upper lip vermilion, a high palate, crowded teeth,  distal radio-ulnar joints and radial heads, and progressive talipes
and a protruding jaw {Fig. 4B,C). He had a Marfanoid habituswitha  valgus and planus with extremely soft subcutaneous tissues at the
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