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were cardinal features in patients with ATCS, EDSKT, and
MCEDS. Peculiar fingers described as “tapering,” “slender,”
and “cylindrical” were also common features. Aberrant finger
movementwas described in EDSKT1 [Kosho etal., 2010], EDSKT?7,
and EDSKT8. EDSKT1, EDSKT2, EDSKT3, and EDSKT5 were
found to have tendon abnormalities such as anomalous insertions
of flexor muscles, which might result in contractures [Kosho
et al., 2005, 2010]. In childhood, spinal deformities (scoliosis,
kyphoscoliosis) and talipes deformities (planus, valgus) occurred
and progressed. Malfanoid habitus, recurrent joint dislocations,
and pectus deformities (flat and thin, excavatum, carinatum) were
also evident. Talipes equinovarus in seven EDSKT patients and
MCEDS3 was surgically repaired [Kosho et al., 2005, 2010; Malfait
et al., 2010]. EDSKTS3 received tendon transplantations for defects
of tendons to bilateral thumbs, and EDSKT4 received surgical
fixation of bilateral ankle joints as well as surgery for carpal tunnel
syndrome [Kosho et al., 2010]. MCEDSI underwent surgery for
rapidly worsened kyphoscoliosis at age 14 years [Malfait et al,,
2010].

Bone mineral density (BMD) was decreased in ATCS2 at age
15 years (Z score —1.6), ATCS3 at age 6 years (Z score —4.6)
[Diindar et al., 2009], EDSKT?2 at age 29 years (Z score —2.4 for the
lumbar spine 1-4, —2.3 for the 33% radius), and EDSKT3 at
age 31 years (Z score —3.7 for the lumbar spine 1-4, —3.6 for
the femoral neck) [unpublished data], whereas BMD was normal in
ATCS7 at age 8 years [Diindar et al., 2009] and EDSKT1 at age
15 years (Z score +1.6 for the lumbar spine 1-4, —0.9 for the
femoral neck) [unpublished data]. Urine N-telopeptide of collagen
type I (NTX), an osteoclast marker, was increased at 92.8 nmol
BCE/mmol Crin EDSKT1 at age 16 years, 70.3 nmol BCE/mmol Cr
in EDSKT2 at age 28 years, and 238.4nmol BCE/mmol Cr in
EDSKT3 at age 31 years [unpublished data] (normal values for
premenopausal females, 9.3—54.3; males, 13.0—66.2), whereas se-
rum bone specific alkaline phosphatase (BAP), an osteoblast mark-
er, was normal at 12.5 U/L in EDSKT1 at age 16 years, 25.6 U/L in
EDSKT? at age 28 years, and 15.1 U/L in EDSKT?3 at age 31 years
(normal values, 9.6-35.4) [unpublished data]. These results in
biochemical markers of bone turnover suggested an increase in
osteoclast activity with normal osteoblast activity, which could
cause oeteopenia or osteoporosis.

Radiologically, diaphysial narrowing of phalanges and metacar-
pals was noted in EDSKT1 at age 11 and 16 years, EDSKT2 at age
10 and 28 years, EDSKT3 at age 31 years, EDSKT5 at age 19 years
[Kosho etal., 2005,2010],and EDSKT7 atage 2 years and 6 months.
Talipes valgus and planus or cavum, with diaphysial narrowing of
phalanges and metatarsals, were noted in ATCS7 at age 8 years
[Diindar et al., 2009], EDSKT1 at age 11 and 16 years, EDSKT2 at
age 14 and 28 years, EDSKT6 at age 4 years [Kosho et al., 2005,
2010}, and EDSKT7 at age 2 years and 6 months. Tall vertebral
bodies were noted in EDSKT1 atage 11 and 16 years, EDSKT2 atage
14 and 28 years, EDSKT3 at age 31 years, EDSKT4 at age 31 years,
EDSKTS5 at age 19 years [Kosho et al., 2005, 2010], and MCEDS2 at
age 21 years [Malfait et al., 2010], whereas they were not noted in
EDSKT6 at age 2 years [Kosho et al., 2010] and EDSKT7 at age
2 years and 6 months.

Cutaneous features were common in most patients with EDSKT
and MCEDS, including hyperextensibility to redundancy, bruis-

ability, fragility leading to atrophic scars, acrogeria-like fine palmar
creases or wrinkles, hyperalgesia to pressure, and recurrent subcu-
taneous infections with fistula formation, which lead to skin defects
including decubitus necessitating plastic surgery in EDSKT2
[Kosho et al,, 2005, 2010]. Excessive palmar creases were observed
in ATCS2, ATCS3, and ATCS7, and delayed wound healing and
ecchymoses were also recorded ATCS patients [Diindar et al.,
2009]. Palmar creases increased and became deeper according to
the ages, as compared among photographs of EDSKT1 atage 11 and
16 years, EDSKT2 at age 5 years and 32 years, EDSKT3 at age
32 years, EDSKT5 atage 19years, and EDSKT6 at age 4 years [Kosho
et al., 2005, 2010].

Seven patients with EDSKT suffered from large subcutaneous
hematomas, which sometimes progressed acutely and massively
to be treated intensively (admission, blood transfusion, surgical
drainage). These lesions were supposed to be caused by rupture of
subcutaneous arteries or veins. Hematoma formation was men-
tioned in a follow-up observation of ATCS patients [Diindar et al.,
2009]. Bleeding time was prolonged in ATCS7 (9 min) [Diindar
etal., 2009] and EDSKT4 (11 min) [Yasui et al., 2003; Kosho et al.,
2010], whereas it was normal in EDSKT1 (3min) [Kosho et al.,
2005], EDSKT3 (1min) [unpublished data], and EDSKT7
(1.3 min). EDSKT1 had, to prevent large subcutaneous hematomas,
intranasal administration of 1-desamino-8-p-arginine vasopressin
(DDAVP) after injuries [Kosho et al., 2005, 2010]. A large hemato-
ma over the buttocks in EDSKT4 was treated with intranasal
DDAVP and intramuscular conjugated estrogen [Yasui et al.,
2003; Kosho et al., 2010].

Two ATCS and two EDSKT patients had congenital heart defects
(atrial septal defect was the most common, observed in three), and
five EDSKT patients had cardiac valve abnormalities. EDSKT5
suffered from infectious endocarditis probably resulting from
aortic valve or mitral valve regurgitation, and underwent surgery.
Three adult patients with EDSKT developed pneumothorax or
hemopneumothorax, treated with chest tube drainage; and two of
them suffered from diverticular perforation, treated surgically.
Various gastrointestinal abnormalities were observed: Constipa-~
tion in seven EDSKT patients and abdominal pain in one EDSKT
and one MCEDS patients, as well as common mesentery in ATCS6,
absent gastrocolic omentum and spontaneous volvulus of small
intestine in ATCS7, gastric ulcer necessitating partial gastrectomy
in EDSKT1, and duodenum obstruction due to malrotation treated
surgically in MCEDS3 [Janecke et al., 2001; Diindar et al., 2009;
Kosho et al., 2010; Malfait et al., 2010].

Urological complications included nephrolithiasis or cystoli-
thiasis in one ATCS, two EDSKT, and two MCEDS patients;
hydronephrosis in two ATCS and one MCEDS patients, dilated
or atonic bladder with recurrent urinary tract infection in two
EDSKT patients, and horseshoe kidney in one ATCS patient.
Hydronephrosis in MCEDS2 was caused by renal ptosis and
ureteral stenosis, for which a ureteral stent was placed with a
laparoscopic procedure, complicated by severe hemorrhage due
to excessive tissue fragility [Malfait et al., 2010].

Cryptorchidism was observed in five ATCS and three EDSKT
male patients. EDSKT3, who received orchiopexy, showed hypo-
gonadism in adulthood. In female patients older than adolescence,
poor breast development was noted in three EDSKT (EDSKT1 and
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EDSKT2 showed normal menstruation cycles; EDSKT5 showed
delayed menarche and irregular menstruation cycles) and two
MCEDS patients. No female patients have been reported to be
pregnant.

Various ophthalmological complications were observed: Stra-
bismus in four ATCS and seven EDSKT patients, refractive errorsin
six EDSKT and three MCEDS patients, glaucoma or elevated
intraocular pressure in one ATCS, three EDSKT, and two MCEDS
patients; microcornea or microphthalmia in two EDSKT and one
MCEDS patients, and retinal detachment in one EDSKT and two
MCEDS. Retinal detachment in EDSKT4 [Kosho et al., 2010] and
glaucoma in MCEDS1 [Malfait et al.,, 2010] required surgery.
Hearing impairment was noted in four EDSKT patients
(predominantly for high-pitched sound in EDSKT1, EDSKT2,
and EDSKT6) and two MCEDS.

Gross motor developmental delay was observed in two ATCS,
seven EDSKT, and three MCEDS patients; and ages of unassisted
walk in patients who accomplished it ranged from 1 year and
5 months to 4 years (median, 2 yearsand 1 month). EDSKT2, at age
32 years, could not walk unassisted because of severe foot deformi-
ties and muscle weakness of the legs [Kosho et al., 2010]. An
underlying myopathic process was suggested in ATCS2 because
of reduced amplitude muscle action potentials with normal distal
latency time and nerve conduction velocity, whereas muscle biopsy
did not reveal any histological abnormality [Diindar et al., 1997].
Mild mental delay was suggested in two ATCS and two EDSKT
patients. ATCS2 was reported to have global psychomotor delay at
the initial publication [Diindar et al., 1997], whereas his IQ was
around 90 at age 7 years and 2 months [Janecke et al., 2001]. Five
ATCS and two EDSKT patients showed ventricular enlargement
and/or asymmetry on brain ultrasonography, CT or MRI. ATCS7
also showed absence of the left septum pellucidum [Janecke et al.,
2001]. EDSKT6 had tethering of a spinal cord, and underwent
duraplasty [Kosho et al., 2010].

Growth assessment was performed using data described with SD
scores, excluding data described with centile scores. Patients with
CHSTI14 mutations showed mild prenatal growth retardation:
The mean birth length —0.5 SD and the median —0.6 SD (n=9;
range, —1.6 SD to +1.3 SD); the mean birth weight —0.6 SD and the
median —0.67 SD (n=11; range, —2.0 SD to +0.5 SD); and
the mean birth OFC —0.2 SD and the median —0.5 SD (n=2§;
range, —1.0 SD to +1.0 SD). Postnatal growth was also mildly
impaired with slenderness and relative macrocephaly: The mean
height —0.9 SD and the median —0.6 SD (14 data from 12 patients;
range, —3.9 SD to +1.2 SD); the mean weight —1.5 SD and the
median —1.4 SD (11 data from 9 patients; range, —2.4 SD to —0.4
SD); the mean OFC —0.2 SD and the median 40 SD (10 data from 8
patients; range, —1.2 SD to >2.0 SD).

Light microscopic investigations on skin specimens from
EDSKTS5 and EDSKT6 showed that fine collagen fibers were pre-
dominant in the reticular to papillary dermis and normally thick
collagen bundles were markedly reduced [Miyake et al., 2010].
Electron microscopic investigations of the specimens showed that
collagen fibrils were dispersed in the reticular dermis, compared
with regularly and tightly assembled ones observed in the control,
whereas each collagen fibril was smooth and round, not varying in
size and shape, similar to each fibril of the control [Miyake et al.,

2010]. These findings suggested that the main pathological basis of
this disorder would be insufficient assembly of collagen fibrils,
compatible with the evidence that dermatan sulfate of decorin
proteoglycan, a key regulator of collagen fibril assembly that con-
tains both chondroitin sulfate and dermatan sulfate in its glycos-
aminoglycan chains and controls the distance between collagen
fibrils, was found to be completely lost and replaced by chondroitin
sulfate in patients’ fibroblasts [Miyake et al., 2010]. However, both
light microscopic and electron microscopic findings of skin were
assessed as normal in ATCS7 [Diindar et al., 2009]. In MCEDS2,
most collagen bundles were small-sized, some of which were
composed of variable diameter collagen fibrils separated by irregu-
lar interfibrillar spaces [Malfait et al., 2010].

This comprehensive review of the patients with loss-of-function
mutations in CHST14 (D4ST1 deficiency) supports the notion that
ATCS, EDSKT, and MCEDS would be a single clinical entity with
variable inter- and intra-familial expressions and with different
presentations depending on the patients’ ages at diagnosis or at
publication. The disorder, we preferably would like to coin simply
as EDS due to D4ST1 deficiency or D4ST1 deficient EDS (DD-
EDS), is a clinically recognizable syndrome, characterized by pro-
gressive multisystem fragility-related manifestations including
joint dislocations and deformities, skin hyperextensibility, bruis-
ability, and fragility; recurrent large subcutaneous hematomas, and
other cardiac valvular, respiratory, gastrointestinal, and ocular
complications, which are considered to result from connective
tissue weakness and be consequences of insufficient decorin-medi-
ated assembly of collagen fibrils caused by D4ST1 deficiency. The
disorder also shows various malformations including distinct
craniofacial features, multiple congenital contractures, and con-
genital defects in cardiovascular, gastrointestinal, renal, ocular, and
central nervous systems, which might not simply be accountable for
connective tissue weakness but could be considered asinborn errors
of development. In a recent review focusing on ATCS, Zhang et al.
[2010] state that D4ST1 deficiency is the only recognized condition
resulting from a defect specific to DS biosynthesis, and that the
disorder emphasizes the roles D4ST1 play in human development
and extracellular matrix maintenance.

DD-EDS could be detected at birth from characteristic cranio-
facial and skeletal features and molecular genetic testing gives
definitive diagnosis. Initial screening for congenital cardiac, ocular,
and renal abnormalities and hearing loss would be necessary. In
infancy, orthopedic intervention for talipes equinovarus (serial
plaster casts, surgery) as well as physical therapy for motor devel-
opmental delay would be the center of management. Laxatives and/
or enema are considered in patients with constipation. Surgical
fixation is considered for cryptorchidism in males. Regular follow-
up for ophthalmological (strabismus, refractive errors, glaucoma),
otological (otitis media with effusion, hearing loss), urological
(urination, bladder enlargement), and cardiovascular (valve
abnormalities, aortic root dilation) problems should be continued.
After walking independently, attention should be paid to progres-
sive foot deformities and trauma that could cause skin lacerations,
joint dislocations, and massive subcutaneous hematomas.
Intranasal DDAVP after injuries is considered to prevent large
subcutaneous hematomas. From adolescence, assessment of
spinal deformities (scoliosis, kyphoscoliosis) and secondary sex
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characteristics (breast development in females and gonadal func-
tion in males) would be necessary. In adulthood, appropriate
treatments should be performed on occasional emergency com-
plications ([hemo]peumothorax, diverticular perforation). Wrist-
type sphygmomanometer would be suitable for patients with
hyperalgesia to pressure [unpublished observation].

Very recently, Janecke et al. [2011] have claimed that it would
lead to confusion for clinicians and researchers to categorize the
D4ST1 deficiency into a type of EDS and that an appropriate term
should be “Dermatan sulfate-deficient adducted thumb-clubfoot
syndrome.” The reasons were described as follows: Clinically,
“adducted thumb” and ““clubfoot” would be the most distinguish-
able features at birth; etiologically, the molecular basis would differ
substantially from EDS. In reply to the article, we have presented
sufficient evidences for categorizing the disorder into a type of EDS:
Clinically, the disorder would satisfy all the hallmarks of EDS (skin
hyperextensibility, joint hypermobility, and tissue fragility affecting
the skin, ligaments, joints, blood vessels, and internal organs), and
the patients should be treated as having generalized connective
tissue fragility in the lifelong management; etiologically, multisys-
tem fragility in the disorder was found to be caused by impaired
assembly of collagen fibrils caused by dermatan sulfate loss in the
decorin glycosaminoglycan chain [Kosho et al., submitted].

In conclusion, ATCS, EDSKT, and MCEDS; which were found
independently to be caused by D4ST1 deficiency, would be a single
clinical entity with variable expressions and with different presen-
tations depending on the patients’ ages. The syndrome is charac-
terized by a unique set of clinical features including progressive
multisystem fragility-related manifestations (joint dislocations and
deformities, skin hyperextensibility, bruisability, and fragility; re-
current large subcutaneous hematomas, and other cardiac valvular,
respiratory, gastrointestinal, and ocular complications) resulting
from impaired assembly of collagen fibrils, as well as various
malformations (craniofacial features, multiple congenital contrac-
tures, and congenital defects in cardiovascular, gastrointestinal,
renal, ocular, and central nervous systems) resulting from inborn
errors of development.
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A Response to: Loss of
Dermatan-4-sulfotransferase 1
(D4ST1/CHST14) Function Represents
the First Dermatan Sulfate
Biosynthesis Defect, “Dermatan
Sulfate-Deficient Adducted
Thumb-Clubfoot Syndrome”. Which
Name is Appropriate, “Adducted
Thumb—Clubfoot Syndrome” or
“Ehlers—Danlos Syndrome”?

We thank Janecke et al. [2011] for their letter about a recently
recognized dermatan 4-O-sulfotransferase 1 (D4ST1) deficiency
caused by loss-of-function CHSTI4 (MIM# 608429) mutations,
independently found in an arthrogryposis syndrome “Adducted
Thumb-Clubfoot Syndrome” (ATCS) [Diindar et al., 2009], a spe-
cific form of Ehlers-Danlos syndrome (EDS) as we have proposed
(EDS, Kosho Type; EDSKT) [Miyake et al., 2010}, and a subset
of kyphoscoliosis type EDS without evidence of lysyl hydroxylase
deficiency (EDS type VIB) coined as “Musculocontractural EDS”
(MCEDS) [Malfait et al., 2010]. Janecke et al. [2011] proposed that
these three conditions constitute a clinically recognizable and ge-
netically identical type of connective tissue disorder and that the
disorders should not be categorized into a form of EDS, but be
termed collectively “Dermatan Sulfate-Deficient Adducted Thumb-—
Clubfoot Syndrome” to avoid possible confusion for both clini-
cians and researchers. The proposal is based on their clinical and
molecular recognition of the disorder. First, the presence of mul-
tiple congenital malformations such as facial dysmorphism, cleft
lip/palate, intestinal abnormalities, renal abnormalities, and fea-
tures such as nephrolithiasis and muscle hypotonia in these patients
are not typical in EDS, though features such as joint laxity, skin
hyperextensibility/fragility, and bleeding diathesis are typical in
EDS. Second, the molecular basis in the disorder is different from
that in EDS.

EDS comprises a heterogeneous group of heritable connective
tissue disorders, with the hallmarks being skin hyperextensibility,
joint hypermobility, and tissue fragility affecting the skin, ligaments,
joints, blood vessels, and internal organs [Steinmann et al., 2002].
Dominant-negative effects or haploinsufficiency of mutant procol-
lagen w-chain genes or deficiency of collagen-processing enzymes
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have been found to cause EDS [Mao and Bristow, 2001]. In a revised
nosology, EDS was classified into six major types [Beighton et al.,
1998] and several other forms have also been identified based on the
molecular and biochemical abnormalities [Abu et al., 2008; Giunta
et al., 2008; Kresse et al., 1987; Schalkwijk et al., 2001; Schwarze
etal,, 2004].

Homozygous or compound heterozygous CHST14 mutations
have been found in 11 patients aged 0 day to 6 years at the initial
publication (from four families) with ATCS [Diindar et al.,, 1997,
2001, 2009; Janecke et al., 2001; Sonoda and Kouno, 2000}, in six
patients aged 2-32 years (from six families) with EDSKT [Kosho
etal., 2005, 2010; Miyake et al., 2010; Yasui et al., 2003], and in three
patients aged 12-22 years (from two families) with MCEDS [Malfait
et al., 2010]. Lack of detailed clinical information from later child-
hood to adulthood in ATCS and lack of detailed clinical information
from birth to early childhood in EDSKT and MCEDS have made it
difficult to determine whether the three conditions would be distinct
clinical entities or a single clinical entity with variable expressions
and with different presentations depending on the patients’ ages at
diagnosis [Miyake et al., 2010], though the latter notion was sus-
pected to be appropriate [Janecke et al., 2011; Malfait et al., 2010].
We, therefore, have just published an article in American Journal
of Medical Genetics Part A, describing detailed clinical findings and
courses of two additional unrelated EDSKT patients, aged 2 and
6 years, which could definitely unite the three conditions [Shimizu
et al,, 2011]. Furthermore, we have presented a comprehensive
review of all reported patients with D4ST1 deficiency, which con-
cludes that the three conditions constitute a clinically recognizable
disorder, characterized by progressive multisystem fragility-related
manifestations and various malformations and allows us to term the
disorder “D4ST1-deficient EDS” [Shimizu et al., 2011]. The clinical
manifestations are summarized in Table 1.

‘We have categorized D4ST1 deficiency into a form of EDS for sub-
stantial reasons. Clinically, the disorder satisfies all the hallmarks of
EDS [Steinmann et al., 2002]. All patients we have encountered
were diagnosed with EDS and have been managed as having gen-
eralized connective tissue fragility, such as preventing skin wounds,
hematomas, joint dislocations, and progressive talipes and spinal
deformities. Careful surgical suturing of torn skin and regular eval-
uations of internal organs (e.g., cardiac valve abnormalities, aortic
root dilation, and bladder enlargement) and ocular abnormalities
are also conducted. ATCS is surely a helpful term to detect and di-
agnose patients at birth, but it is indeed questionable whether the
term would be appropriate for the lifelong management of patients
with the disorder. Furthermore, clinical manifestations extending
beyond the core features of EDS are considered not as excluding
information from EDS as Janecke et al. [2011] have claimed, but
as wide clinical variability in EDS such as muscle hypotonia and
chronic pain in most of the types, talipes equinovarus and facial
characteristics in vascular type, and congenital hip dislocation in
arthrochalasia type [Beighton et al., 1998; Voermans et al., 2009].

Etiologically, multisystem fragility in D4ST1 deficiency was illus-
trated to be caused by impaired assembly of collagen fibrils resulting
from loss of dermatan sulfate (DS) in the decorin glycosaminogly-
can side chain [Miyake et al., 2010], which justifies terming the

© 2011 WILEY PERIODICALS, INC.



Table 1. Clinical Manifestations in D4ST1 Deficiency

Craniofacial Cardiovascular
Large fontanelle (early childhood) Congenital heart defects (ASD)
Hypertelorism Valve abnormalities (MVP, MR, AR, ARD)
Short and downslanting palpebral fissures Large subcutaneous hematomas
Blue sclerae Gastrointestinal
Short nose with hypoplastic columella Constipation
Ear deformities (prominent, posteriorly rotated, low set) Diverticula perforation
Palatal abnormalities (high, cleft) Respiratory
Long philtrum and thin upper lip (Hemo) pneumothorax
Small mouth/microretrognathia (infancy) Urogenital
Slender face with protruding jaw (from school age) Nephrolithiasis/cystolithiasis
Asymmetric face (from school age) Hydronephrosis

Skeletal Dilated/atonic bladder
Marfanoid habitus/slender build Inguinal hernia
Congenital multiple contractures (fingers, wrists, hips, feet) Cryptorchidism
Recurrent/chronic joint dislocations Poor breast development
Pectus deformities (flat, excavated) Ocular
Spinal deformities (scoliosis, kyphoscoliosis) Strabismus

Peculiar fingers (tapering, slender, cylindrical)

Progressive talipes deformilies (valgus, planus, cavum)
Cutaneous

Hyperextensibility/redundancy

Bruisability

Fragility/atrophic scars

Fine/acrogeria-like palmar creases

Hyperalgesia to pressure

Recurrent subcutaneous infections/fistula

Refractive errors {myopia, astigmatism)
Glaucoma/elevated intraocular pressure
Microcornea/microphthalmia
Retinal detachment
Hearing
Hearing impairment
Neurological
Ventricular enlargement/asymmetry
Development
Hypotonia/gross motor delay

ASD: atrial septal defect; MVP: mitral valve prolapse; MR: mitral valve regurgitation; AR: aortic valve regurgitation; ARD: aortic rot dilation.

disorder a form of EDS. However, ultrastructural findings in the
skin from patients with ATCS and MCEDS were not consistent with
those in patients with EDSKT, characterized by intact collagen fibrils
not assembled regularly or tightly [Miyake et al., 2010]. For patients
with ATCS, the skin was assessed as normal [Diindar et al., 2009].
For those with MCEDS, most collagen bundles were found to be
small sized, some of which were composed of variable diameter
collagen fibrils separated by irregular interfibrillar spaces [Malfait
et al., 2010]. Ultrastructural and glycobiological studies on the skin
from other patients as well as those on other affected tissues such as
bone, muscle, and intestine would be necessary to delineate the wide
spectrum of pathophysiology. Involvement of other DS-containing
proteoglycans such as biglycan should also be investigated. Var-
ious malformations observed in the disorder might not simply
be explained by connective tissue fragility, as they are considered
to be inborn errors of development [Dindar et al., 2009; Zhang
et al,, 2010].

Based on the clinical, molecular, ultrastructural, and glycobiolog-
ical data to date, D4ST1 deficiency is characterized by a unique set
of clinical features consisting of progressive multisystem fragility-
related manifestations and various malformations (Table 1). Fur-
ther clinical and etiological evidences would solve the problem
regarding which name should be the most appropriate: “Der-
matan Sulfate-Deficient Adducted Thumb-Clubfoot Syndrome” or
“D4ST1-Deficient EDS.” Until then, we propose that the name
“D4ST1-Deficient EDS (Adducted Thumb-Clubfoot Syndrome)”
would be preferable.
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2 & D EEHEEET.3Mb 2 2 THRIME L 72, [EISE
WZRFET 2 1095EET DR h 0 & BEEER I B 1 0 58
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s T ODELGTFERENL, BEBF T,
20085FFk, DWICRHEBG T CHSTI4 %52 % k5 2
B LTz, FREYBY, EDSKT28 L U'EDSKTS3
EI AR AREZREHEHKT, EDSKTLZ £ 2
EVARBZEE~NTUEARTAEL TR Z L
W o>72'9, CHSTI4%, T~ v 4-0O-FhigE
BB R -1 (dermatan 4-O-sulfotransferase-1 ;
D4ST-1) #a—F3 28 EFTHE (F3)7", D4
ST-1id, 7u74 27V 4> (proteoglycan ; PG) @
BIETH L7 ay s/ 7Y 4> (glycosaminog-
lycan ; GAG) K T 3 T~ % VHE (der-
matan sulfate ; DS) ON7EFNVHZ 7 b¥ 3 VB
ED 4N HRBEEZMMT 28R THE (K4)7,
L Lanss, TEEREMESRTH 5 DAST-10EFED
ED XS WHFTEEHEHBOEE LT 2 ElL
TEO»E, THOEEThHole, FHREE L LT
FUCHFE L TR, BERTPLETHY, BR
WIS B & ERTFRINT,
ZOBOLFILBHEIALDHS VIRV,

EDSKT4ix, ElD website WHHEZEL 2T T
TR WIARBERRYEE—AR O BHERERE, %
F BRI VEN SN, TTCRERETNE2K
B’L, BEZEREREZE T2 EDS & L THXFER
ENTWRRERBERBESATH 12, Bz, K&
BHIAIEIADBF vV AERRES T E8bnD,
BOOTEELR T — R Lizo>7z, EDSKTS51%, &IE
TRRED KRB B3 2 MERK I, BRERIREEER
BRI e L W EE s BEIATH S, X
FFIOR O RIE, ZO1EH, BRERIE Ok
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KBoxX @
R135G@
Li37Q e
F2088 ©
R213P®©
Y293C ooe

40 60 155-161  213-221 376 aa
5-PSB 3-PB

3 CHSTI4 BETFOE L EED B & N7 #aro22

#71X5-phosphosulfate binding site (5’-PSB) %, ¥ X3’ -phosphate binding site (3’-PB) %7/R73, KEX

SITREEL, EEMSFEEEN, hEXOREESTH S, REEINETERESINLERSRTT, AL
1 ATCS @BWT, FHIEEDSKT 28T, KEMNE MCEDS KB THESNIZEEERT,

oFEAH

ChSy-1,2,3

fGaiNAcT- I CS-GleAT- Eit GalNAcT-1 Galt-Io XAT ¢

UST |D487-14

Ser

4 FrvyrmEE (DS) OEEFY

DS DEEKE, 2> Fad FUoEE (CS), ~ T Vil ~NY Y EElE, YorA s ry0arEREE
WHLEBEDEY vEE (Ser) WFvu—X XKyl) =457 b—X (Gal) =452 +—2R (Gal) = rruayw
B (GIcA) DAESEETB L5006 2, Ch6DORIGE, ThFhsFyou—AERESZE XylD), #5727
N —2EEBEE-1 (GaT-1), ¥ 7 b —AEEER-1I (GalT-11), vy arBiEgER-1 (GlcAT-1)
o TiFbnb, N-7XFNUHFF 7 +4 3> (GalNAc) 3%, GalNACEBEE-1 (GalNACT-1) k-T
GlcAIERBand &, RWTCS-7 oo rBEEER-11 (CS-GIcAT-II) & GalNAcE&RBESR-1I (Gal-
NAcT-II) XD, GlcA & GalNAc BEXREER L, CSEAHE®O [GlcA-GalNAc] @ 2#EE R LUEENER I N
Z, avRo4 FrEKkEE (ChSy-1, 2, 3) iF, CS-GIcAT-II & GalNAcT-UIEAOESEE2E D, ChSy 77
Y~z X > T [GlcA-GalNAcl,OBEEERMNER SN, 03, TORIEOERFTT, DSz AT —¥

(DSE) 12& Y9, GIcABRED GO HI VR F Y VEREE(L, 1 Ao B (IdoA) 723, ZhickY, DS
o 2 5] [IdoA-GalNAc] B 5, 208, TLLTFLr~d v 4-O-FBEEgESR-1 (D4ST-1) ik
% GalNAc BEO 4 It (—Hik v o/ v 2-O-FEREGEFEER (UST) k2 IdoA @ 2 fImmELd) 2k
LEMEZTT, KL DSENEREN B,

No. 5, 2011 311



BOE A 2

>
vy

@

=t
§§ﬁo [ é 2 §%1w
S5 s £o10 2§ ,
<5 SE S 2 804 o
=100 i o5 8 Z4a
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S o 50 GO 4 @ c E40; L
BE 8g g o~
38> T 2 §§ 20 4
o Q o
PN NI SN ) 0-\,\ PNV N §§ o A &
LS FE CEEFLE B & F
00 Q@' \‘*\ 00 Q‘% C}Q 00 Q@ Q‘b 00 ¢S Q@ Q‘b

K5 BE#ENTS
Patient 113 EDSKT1%, Mother i3 # ®&E%, Patient 3 it EDSKT3%RT, A 3K S
BTN iciT 2B EGERERENE, EDSKT1, EDSKT3DOEEEEIZZHIcHEL L, EDSKTI®O
BERETE¥ISBECRI LTV, B EEFEEETHERTCEEN22CS/DSE, o> Fuf F kB
(CS) #ET, FA~F »FilE (DS) *HTHRT. EDSKTIB X P EDSKT3CIE2TCS Iz > T w3,
C:7avyy OCN) o7 Va3 7 Vs (GAG) $#iedzhs CS/DSHK, CSHED [GlcA-Gal-
NAc (4S)] #H T, [GlcA-GalNac (6S)] 22 WKETHET, DSHE®D [IdoA-GalNAc (4S)] ZHE\»
KT, [IdoA (28)-GalNAc (4S)] 2E TRV, EEI> b u—VTRIZIZDS Th 325, EDSKTIB k8

EDSKT3TiE£TCS &> Tw3,

F LT, BT ORLOBETF» S, &7
B EDS L EEL, EFEBICEHV 23, [EiZ
L EHR LI WEB s TWIBESANSHET
W3] kDI EThHol, RIEBREZIVTVWRIE,
WRBIOFRBEEZR/T, WKLV eNTEI,
EDSKT6i 4 4 IO TH %, 20090 EDS &

SEBL, BEEE» S, [$EOXICHIEDS
FDDBFIADBTL S, HRZO->THITTEL
W] EREZ SN TWiz, Lz 25, BikED
BE LR ORRTF 2 R THIEDS HE, Z0%»
Y DT DRBRIT D Atn, BEEIETVRRE,
MRBIOREEZHET, BREEZ VLI ENTER,
FLT, 2153 ATNTCW CHSTI4 OFEBNKBH
Ehiz,

DAST-10 7 v — = > 713K E Washington KFH
D Baenziger 146 DR F — L2k - TfTh
Iz, BElL 7w Fe— M REU TWi®o sl
BERFERERERERBIENRRE S0 74 7Y A4 v
¥ 7Py TERCAMREOER —=81% (4RI
HFERIKFE) &DOWEF—LTho T, BERHFI,
FEEDS BEMEOKERTZMEL 25, &
{FIEZFTFEY, ERZE, LHEVERE,
LU CKARFH BRI & BB EN A E -
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7zo DAST-1BERIEM 2D &, BERCEEKE
BHEEIIE Cld o v o — VTR TEBICETR LT
w3k, REETH B EDSKTIOR Tl ¥ESBE
WETLTCWE ZEBSHES»Iz R 7 (5A)9, X
w, BEEEREFNETCEEhsDS La v R
4 F > BB (chondroitin sulfate ; CS) 0 &HE %
BT5, avbou—nTiRDS, CS Ly IHEELR
S, BEHFEME TR DSBEELL, CSOA LR
Twiz (E5B)9, 512, DS 2&H T 2AERH 2
PGTH% 72V >~ (decorin ; DCN) &HH L 77,
DCN iEZDS» o622 1 RADOGAG#H*EH T 523, &
EMECBATIH DS HELL, 2T CSIcR>Twn
72 (50), DCN 1%, GAG#» 2 T — ¥ > %
#t (collagen fibrils) OB EZHEE T2 L0k -
T, INEZFICHEA (assembly), Mast< 1tV v
AZBKT 5 DICERE L HEE 2B 9299, DCN 23,
BEHEMBRET a7 -5 - 2y N7 — 7 DR
EEDRSV YIRS THBAREELEE 70T
Hb, INEEMTZ1TI1L, REMEEHTRORRSNL
HEEZ SNz, BREE, W8 LRt e2Eh,
BEREOEFEMBRIIBNT, I 7 —7 Mg
BEEAD LS CEBCZELhoNT, BT THEET S
ZemEEkD (®6)9, Mbhrs, £ty
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X6 FREMRORR®
a, b:H&EHMEIZ X 5HXERE (X100), EDSKTS (a) TiF, a>brua—i (b) ickh~, =
T — 5 RSB R 2 5. AT — N —E500 um 2R,
c, d:EEHA (X30,000), EDSKTS5 (c) T3, a>bo—v (d) 2k, 35 —% 4K
OEREETH2D, B0 THEELTWBR I EDNbhrE, A7 — 13—k 1 um 25T,

KRR B U 2 BTG SHEBIETEO F7: 2 FiE
HrE1x [DAST-1RE—-DCN & fFins % GAG 0 #
REAL (DS HER L CS IER) — DCN N3
23T —45 VHRRHED assembly T4 (B 7) &w
SIRETH pAlREEE VL EF 2 129,

AR POFARFERTHS 2 ERFEEL, M
AP LWL TERBEOE/RE L T\\iz2009%12511H
DEHDZETH-oTco WDOBDEIWET AV A AHE
BRFEsBHAEBEFEE 1T < % American
Journal of Human Genetics 30 BRIz D4ST-1DL
FE ROz, CHSTI4 OZEEwHEH I DISTIOR
By, NEEBIUVAREEZERET 2H LVE
KM% FEEHFEE (arthrogryposis) “adducted
thumb-clubfoot syndrome (ATCS)” %3|&i# 3
EDOHETH -7, MBAMBEREED 3IRRZER W
REHFEEERS Yy I3 ALFETH 2, EH
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FHEBEFRCABEITI T 2RRZEZHREL P L
Erciyes K% :# {z % o Diindar %, #E & F R &
TolDREEZFEETIRKROBEEZ L T4 —
Z b U 7 Innsbruck ERIAZE/NRE D Janecke #ig
50F —4h, TUTHEEBRNT 2T o0 E7-b%
Baenziger B 5 O F — LA ThH - 7zo F L arthro-
gryposis & LTHRESN T BAATRER L & F
nTWi?, Brix, IRLPSRAC» T TOEES
ABRRTELD, BECBWTEDS L ORESD >
ST EREPo T, HERIZIE» ZEMNRFED
WELRREZS L HABEMTEEEL Tk, —&
1z arthrogryposis & 2B & 1172 B# & A, arthro-
gryposis @ 1 2 Freeman-Sheldon JEIEEE & 287 &
NEHEZ AR WD, ATCSELL /—~v—2 T
Hotze R DFERUIHEEDS & ATCS#E—%
BBy, Zhick), BRXOFAROMENRE 3 &
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> DSHB/EHDCNDGAGE

00 CSMBBDCNDCAGE

7 HEE S B ETHEAHBEE M o e
AT TEH, B DAST-1REE, DAST-IREKEIZFa2Y v (DCN) @M+ a 7y ays /7Y
s> (GAG) SHOMRE(, ThbbT v~y VEEE (DS) BEEkLa Y Foq+ ke (CS) B,
BEC, DCN PENT2 a7 —7 U HIEHED assembly ™% T 2 E2 52, 78, DCN A7
%37 —7 UHIRHED assembly £ 7 V12, Nomura 5552189 3 b O ERT,

#z 5Nz, Dindar #iE 6 DM EHEFH LIz L 2 5,
T R EAEBIET SIS ik 2 L EREN
TwkD, Fe{fA—0EETEELDY, H—E
BT NRSEI N FRIED 720, KB
RERBZ LW I &, KEREEREER SR
e Edro, BRI CTH—REELIERTERLE
PEMT, BREAS I L, LrLads, 3
BUEDS BRI ED LS R b D ETE—NVL &
NEnZE, ZLTRIRDETHRIND S 2 L5 E
L7:DTH %S, high impact journals WZHEHI N3
e RinoTz, AR, —HHEBREFELAVE
EHh, FMcEREETEY, ERTHEEERS X OB
AT % BN wEfEL, A—EETHsH»
b LTI EDS s uEM, FoER
ELEFEMIUCTHEBEL L LMEBM T, 2L TLS
< 2010F 4 148 W CHEKRE D American Journal of
Medical Genetics 28221z, 5 A25H 2% Human
Mutation P ZEES Nz, % b4 FREEFEOD
AT -5 _X—ZXTH % London Dysmorphology
Database (http://www.lmdatabases.com/index.
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html) 8 X U'POSSUM (http://www.possum.net.au/)
o, BEFTUEROZMuEbEH D, FrDHf
HL72 6 i, WEMCEDSKT £fradhsd iz
ol

Il REESOFEII~REITT

EESORECOTNICENDET, EDSEE®H
TR AR B OMRERES 5Ro T E L F—
Ghent KEFEFEES De Paepe % & Malfait 5t
5DF —Lhind, DIST-10KEH, EDSVIB 24>
BINTwR2KRE (FVva A, 41 FA) 3EH
DERATH 2 LEHE sz, ATCS, EDSKT &
O CE—ER LAIET T &7, Musculocontractural
EDS (MCEDS) t O&HSREES N,

ATCS, EDSKT, MCEDS ZE—@&EFEREICE
DL BRI IE R 5 allelic diseases 72 D>, [&]
—EBOFRER % 72 13551 & % variability & w2
5D EERAET 5201iE, ATCSEEIZBWT
BHROZLWEELUEDORI, %72 EDSKT £&ic
BOWTRHMOZ LWALBRHORF EEET 2 Z &8
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