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EDSHlike spondylocheirodysplasia 8 A AR SLC39A13
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* Weak connect tissue diseases—Marfan syndrome and Ehlers-Danlos syndrome.
** Tomoki KOSHO, ML.D.: B M AFEZEIMIM BRI RIZTZHL (S390-8621 EF RAAATTM3-1-1) ; Department
of Medical Genetics, Shinshu University School of Medicine, Matsumoto, Nagano 390-8621, JAPAN
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Abstract

The vascular type of Ehlers-Danlos syndrome (VEDS)
is a rare inherited disease of the connective tissues,
and is caused by abnormal type III collagen resulting
from heterogeneous mutations of the type III collagen
COL3AI gene. We herein report the case of a VEDS
patient who developed a sigmoid colon perforation and
was given a definitive diagnosis by a genetic and biomo-
lecular assay. The patient demonstrated clinical manifes-
tations caused by tissue weakness such as frequent
pneumothorax events and a detached retina. During the
operation, we noticed easy bruising and thin skin with
visible veins on the patient’s abdominal wall. Finally, a
diagnosis was confirmed by the reduction of type III
collagen synthesis and by the identification of a muta-
tion in the gene for type III collagen. We conclude that
it is difficult to diagnose a vEDS patient without clinical
experiences and specialized genetic methods. Further-
more, all organs must be treated gently during therapy,
because the tissues of VEDS patients are extremely
fragile.

Key words Ehlers—Danlos syndrome - Vascular type -
Perforation - Type III collagen - COL3Al

Introduction

The vascular type of Ehlers-Danlos syndrome (VEDS,
Ehlers-Danlos syndrome type IV) is a rare, autosomal
dominant disease of the connective tissues caused by
abnormal type III collagen resulting from heteroge-
neous mutations of the type III collagen COL3AI

Reprint requests to: H. Omori
Received: November 15, 2009 / Accepted: February 22,2010

gene."™ vEDS is characterized by four clinical criteria:
easy bruising, thin skin with visible veins, characteristic
facial features, and the rupturing of arteries and
organs.”™ In addition, classic EDS patients exhibit
hypermobility of the large joints and hyperextensibility
of the skin."? Typically, Ehlers—Danlos syndrome (EDS)
is divided into six types, and vVEDS patients follow a
particularly poor clinical course caused by complica-
tions from tissue weakness.” Twenty-five percent of
vEDS patients develop one or more complications asso-
ciated with tissue weakness by 20 years of age, and 80%
develop some complications by 40 years. Pepin et al.
reported that the calculated median survival time of
vEDS patients was 48 years of age.! We herein present
a case report of a vEDS patient who was clinically and
genetically diagnosed following a sigmoid colon perfo-
ration, and review the pertinent literature.

Case Report

A 20-year-old male patient was admitted to our hospital
with severe abdominal pain. The patient’s abdominal
wall was very hard, and muscular guarding was pal-
pated. Enhanced computed tomography was performed
immediately, and revealed free air and stool containing
barium in the abdominal cavity, because the patient’s
colon had been examined 2 days prior for causal ascites
and abdominal pain by a barium enema (Fig. 1A,B). As
soon as we diagnosed the patient with generalized peri-
tonitis due to colon perforation, an emergency opera-
tion was performed. During the operation, the patient’s
abdominal skin was observed to be markedly thin, with
visible veins. After we decided that the sigmoid colon
perforation was the cause of the generalized peritonitis,
the lesion was removed and Hartmann’s procedure was
performed. In addition, it was revealed that the patient
suffered from frequent spontaneous pneumothorax
events in the past, and that his creatine kinase levels
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Fig. 1A,B. Enhanced computed tomography at the sigmoid
colon perforation. Free air (black arrows) and stool containing
barium (white arrows) were observed in the abdominal cavity

were increased to severalfold higher than in normal
subjects. Although a paralytic ileus developed as a com-
plication, the patient was discharged from our hospital
1 month after the operation. However, 3 days after dis-
charge, he was readmitted due to his eighth spontaneous
pneumothorax and a detached retina in his left eye.
Because many complications caused by tissue weakness
had developed over such a short period, very rare vVEDS
was diagnosed according to the four clinical criteria:
easy bruising, thin skin with visible veins, characteristic
facial features, and rupture of the arteries and organs.
To confirm this diagnosis, the patient’s skin and blood
samples were sent to Dokkyo Medical University, and
were examined by genetic and molecular biological
assays. Accordingly, the diagnosis of VEDS was con-
firmed by the reduction of type 111 collagen synthesis in
cultured skin fibroblasts and by the identification of a
mutation in the gene for type III collagen (COL3AI).
The synthesis of type I collagen in this patient was the
same as in controls. However, the synthesis of type III
collagen was reduced by approximately 22.7% com-
pared with normal controls (Fig. 2). A skip in exon 24
of COL3A1,which codes for collagen type 111, was iden-
tified by genetic analysis of the complementary DNA
from cultured fibroblasts (Fig. 3). Furthermore, the
region near the genomic DNA was amplified by poly-
merase chainreaction (PCR) for the analyses of genomic
DNA,; the result revealed a G-to-A transition at the
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Fig. 2. Production of type I or type III collagen in the patient’s
cultured fibroblasts. The synthesis of type T collagen in this
patient was the same as in controls. However, the synthesis
of type III collagen was reduced by approximately 22.7%
compared with the normal control values (inside circle). N,
normal control; P, patient with vascular type of Ehlers-Danlos
syndrome
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Fig. 3. Genetic analysis of the complementary DNA from the
patient’s cultured fibroblasts. A skip in exon 24 of COL3Al,
which encodes collagen type TIT, was identified by the genetic
analyses of the complementary DNA from the cultured
{ibroblasts

donor splice-site +1 of intron 24 (IVS 24 G+1 to A) of
the COL3AI gene (Fig. 4). Because the mother of the
present patient also demonstrated characteristic facial
features and easy bruising of the skin, we genetically
examined her blood samples to determine the genetic
background of this patient. Consequently, we were able
to confirm that the mother had the same mutation in
COL3AI gene.

Less than 6 months after the sigmoid colon perfora-
tion, the patient was admitted with a developing
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Fig. 4. Sequence analysis of genomic DNA from the patient’s
blood cells. The region near the genomic DNA was amplified
by polymerase chain reaction for the analysis of genomic
DNA. The results revealed a G-to-A transition at the donor
splice site +1 of intron 24 (IVS 24 G+1 to A) of the COL3A1
gene

Fig. 5. Resected specimen of the jejunum from the second
operation. The seromuscular layer of the patient’s jejunum
was torn throughout, and the entire layer of the intestine had
become partly necrotic

adhesive ileus. Although conservative therapy was
appropriated because there was no ischemic change
of the intestine at admission, an emergency operation
was performed because of the sudden onset of severe
abdominal pain, which was not relieved by analgesic
drugs. The operative and histopathological findings
revealed the seromuscular layer of his jejunum to be
torn, thus resulting in partial necrosis of this entire layer
of the patient’s intestine (Fig. 5). Therefore, we per-
formed a partial resection of the small intestine, and the
colostomy was not closed.

Methods of Genetic Examination

Dermal fibroblasts were obtained from the patient’s
skin and were cultured.” The protein synthesis of type
T and type III collagen were assessed as described previ-
ously.™® After RNA was extracted from the cultured
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fibroblasts, complementary DNA was synthesized by
reverse transcription from the RNA as a template. The
complementary DNA was amplified by PCR, and ana-
lyzed by electrophoresis on polyacrylamide gels to iden-
tify the abnormal fragments. Abnormal DNA fragments
were directly sequenced by an ABI PRISM 3100 genetic
analyzer (ABI Advanced Biotechnologies, Columbia,
MD, USA)>*® Furthermore, genomic DNA was
extracted from the blood cells, and all mutations were
confirmed in the genomic DNA of COL3AI by a
sequence analyzer.>®

Discussion

Ehlers-Danlos syndrome (EDS) is a rare inherited
disease of the connective tissue."” Most surgeons gener-
ally consider EDS to be a dermatologic disease.”™
However, patients who are affected by EDS, particu-
larly the vascular EDS type (VEDS), develop complica-
tions associated with tissue weakness, and surgical or
interventional therapy is often required."™ ' Until
genetic and biochemical testing was sufficiently devel-
oped, a considerable number of patients who died unex-
pectedly could not be diagnosed as having vEDS. In the
present case, the reason for the colonic perforation was
unclear after a histopathological examination, and 6
months passed until the diagnosis of vVEDS could be
made by genetic and biomolecular assays. Even if we
suspected the possibility of vEDS based on the patient’s
clinical symptoms, the genetic and biomolecular assays
could not be easily performed in most hospitals. Fortu-
nately, we obtained advice from an authority in genetics
and had technical support with the genetic and biomo-
lecular assays. If this patient had not been definitively
diagnosed, it is likely that the patient and his family
might have lost any hope. Our belief is that a system for
diagnosing rare inherited diseases, such as vVEDS, should
therefore be established as expeditiously as possible in
Japan.

In general, most surgeons encounter VEDS patients
who are affected by perforative peritonitis and perform
surgery by creating an intestinal stoma, because the
abdominal cavity is polluted with stool and the patient’s
tissues are very fragile. Furthermore, the intestinal
stoma helps in the management of constipation, which
these patients often experience to a severe extent.' The
existence of an intestinal stoma is also preferable in
order to prevent high intestinal pressures. However,
patients who receive a colostomy creation are typically
frustrated by the limited lifestyle. Therefore, while we
understand why a patient may prefer bowel reconstruc-
tion, it is difficult to proceed down this path. It is neces-
sary to consider the future of the vEDS patients, as it
may be safer not to remove the intestinal stoma to
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prevent high intrabowel pressure that causes constipa-
tion and adhesive ileus. It is an important to note that
complications and tissue weakness increase in vVEDS
patients after the age of 20 years."” Several authors have
recommended that the perforative lesion and its distal
colon should be removed at the same time to prevent
reperforation in the sigmoid colon and rectum." Other
authors have also recommended a subtotal colectomy
as a reasonable treatment because of the high rate of
reperforation in vVEDS patients.” Although these sug-
gestions have validity and are based on a safety-first
concept, we were unable to perform a subtotal colec-
tomy for the present VEDS patient at the time of the
first operation, when a definitive diagnosis had not yet
been determined. Moreover, it is difficult for us to
perform both a partial resection of the small intestine
and a subtotal colectomy, even at a second operation,
because of the risk of short bowel syndrome and anas-
tomotic leakage. It appears that a unique procedure for
perforation of the colon in VEDS patients cannot be
standardized, because individual patients have widely
divergent background factors, such as age, performance
status, accuracy of the diagnosis, frequency of perfora-
tion, and medical expertise in their country.

We recommend a therapeutic approach for the ileus
in vEDS patients based on the clinical course of the
present vEDS patient. vEDS patients who are affected
by ileus must be surgically treated before too many fis-
sures develop in the intestine, regardless of the presence
of ischemic changes. In general, patients who are diag-
nosed with a paralytic ileus or adhesive ileus after prior
operations are conservatively treated by decompression
with a nasogastric tube or a Miller~Abbott tube.
However, we were unable to treat our vEDS patient
conservatively, because the wall of his small intestine
was easily torn and became necrotic under high pres-
sure. The timing for a surgical operation must be care-
fully considered, and a massive bowel resection should
always be prevented if at all possible.

H. Omori et al.: S-Colon Perforation Induced by vEDS
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Loss-of-function mutations in CHSTI4, dermatan 4-O-sulfo-
transferase 1 (D45T1) deficiency, have recenily been found to
cause adducted thumb-clubfoot syndrome (ATCS; OMIM-
#601776) and a new iype of Ehlers—Danlos syndrome (EDS)
coined as EDS Kosho Type (EDSKT) [Miyake et al,, 2010], as well
as a subset of kyphoscoliosis type EDS without lysyl hydroxylase
deficiency (EDS VIB) coined as musculoconiractural EDS
(MCEDS) [Malfait et al., 2018]. Lack of detailed clinical infor-
mation from later childhood 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 these disorders would be distinct clinical entities or
a single clinical entity with variable expressions and with
different preseniations depending on the patients’ ages at
diagnosis. We present detailed clinical findings and courses
of two additional unrelated patients, aged 2 years and 6 years,
with BEDSKT with a compreshensive review of 20 reported
patients with D48T1 deficiency, which supports the notion
that these disorders comnstitute a clinically recognizable form
of EDS. The disorder, preferably termed D48T1-deficient EDS,
is characterized by progressive multisystem fragility-related
manifestations (joint dislocations and deformiiies, skin
hyperextensibility, bruisability, and fragility; recurrent large
subcutaneous hematomas, and other cardiac valvular, respira-
tory, gasirointestinal, and ophthalmological complications)
resulting from impaired assembly of collagen fibrils, as
well as varicus malformations (distinct craniofacial features,
multiple congenital coniractures, and congenital defects in
cerdiovascular, gasirointestinal, remal, ocular, and central
nervous systems) resulting from inborn errors of development.
% 2011 Wiley-Liss, Inc.
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INTRODUCTION

Dermatan 4- O-sulfotransferase 1 (D4ST1) isaregulatory enzyme in
the glycosaminoglycan biosynthesis that transfers active sulfate to
position 4 of the N-acetyl-D-galactosamine residues of dermatan
sulfate [Evers et al., 2001; Mikami et al., 2003]. Dermatan sulfate, as
well as chondroitin sulfate and heparan sulfate, constitutes glycos-
aminoglycan sidechains of proteoglycans; and has been implicated
in cardiovascular disease, turnorigenesis, infection, wound repair,
and fibrosis via dermatan sulfate-containing proteoglycans such as
decorin and biglycan [Trowbridge and Gallo, 2002]. Carbohydrate
sulfotransferase 14 (CHST14), localized on 15q12, is the gene
encoding D4ST1. Recently, loss-of-function mutations in
CHSTI14 (D4ST1 deficiency) have been found to cause adducted
thumb-clubfoot syndrome (ATCS; OMIM#601776) in 11 patients
from four families [Diindar et al., 2009] and a variant of
Ehlers—Danlos syndrome (EDS) in six patients from six families
[Miyake et al, 2010], tentatively coined as EDS Kosho Type
(EDSKT) in the London Dysmorphology Database (http://
www.lmdatabases.com/indexhtml) and POSSUM (http://www.
possum.net.au/). ATCS was originally recognized as a new type
of arthrogryposis, focused on characteristic clinical pictures from
birth to early childhood, including adducted thumbs and talipes
equinovarus as well as facial dysmorphisms (prominent forehead,
large fontanelle, hypertelorism, down-slanting palpebral fissures,
low-set ears), and arachnodactyly [Diindar et al., 1997; Sonoda and
Kouno, 2000; Diindar et al., 2001; Janecke et al., 2001]. In a recent
study by Diindar et al. [2009], ATCS has been categorized again asa
connective tissue disorder, based on additional clinical pictures
from childhood to adolescence, including skin fragility and bruis-
ability, joint laxity, and osteopenia. EDSKT comprises a pattern of
distinct craniofacial features, multiple congenital contractures,
progressive joint and skin laxity, and progressive multisystem
fragility-related manifestations, including recurrent large subcuta-
neous hematomas and other cardiac, respiratory, gastrointestinal,
ophthalmological complications [Yasui et al., 2003; Kosho et al.,
2005, 2010].

Very recently, Malfait et al. [2010] have independently found
mutations in CHST14 in three patients from two families, who
were diagnosed with kyphoscoliosis type EDS without lysyl
hydroxylase deficiency (EDS VIB). They concluded that their
series and ATCS, as well as EDSKT, formed a phenotypic
continuum based on their clinical observations and identification
of an identical mutation in both conditions, and proposed
to coin the disorder as “musculocontractural EDS” (MCEDS)
[Malfait et al., 2010]. However, it is still an unsolved problem
whether ATCS, EDSKT, and MCEDS would be distinct clinical
entities or a single clinical entity with variable inter- and intra-
familial expressions and with different presentations depending on
the patients’ ages at diagnosis [ Miyake et al., 2010], because detailed
clinical information are lacking in ATCS from later childhood
to adulthood and in EDSKT and MCEDS from birth to early
childhood.

Here, we present detailed clinical findings and courses of two
additional unrelated patients, aged 2 years and 6 years, with EDSKT,
which would contribute to delineate comprehensive phenotypic
spectrum of D4ST1 deficiency.

CLINICAL REPDORTS
Patient 1

The patient, a Japanese boy, was the second child of a healthy 31-
year-old mother and a healthy 33-year-old nonconsanguineous
father. He was born by cesarean for breech presentation at 38 weeks
and 3 days of gestation. His birth weight was 3,092 g (4+0.2 SD),
length 46 cm (—1.3 SD), and OFC 34 cm (+0.4 SD). At age 15 days,
he was referred to our hospital for the treatment of bilateral talipes
equinovarus. He had a round face with a large fontanelle, hyper-
telorism, short palpebral fissures, blue sclerae, strabismus, a short
nose with a hypoplastic columella, low-set and rotated ears, a high
palate, along philtrum, a thin upper lip vermillion, a small mouth,
and microretrognathia (Fig. 1A, B). He had arachnodactyly,
flexion-adduction contractures of bilateral thumbs, flexion con-
tractures of the interphalangeal (IP) joints in the other fingers,
flexion contractures of bilateral elbows and knees, and rigidity of
bilateral hip joints (Fig. 1C). He also had widely spaced nipples, a
redundant and translucent skin, an umbilical hernia, and bilateral
cryptorchidism (Fig. 1C). Talipes equinovarus was treated with
incision of bilateral Achilles’ tendons at age 2 months, followed by
serial plaster casts and braces. Skin fragility was observed at the
procedure. It was surgically corrected at age 1 year and 11 months.
Gross motor development was delayed: He raised his head at
6 months, sat without support at age 1 year, stood up assisted at
age 1 year and 6 months, and walked assisted after surgical correc-
tion of talipes equinovarus. He had bruises easily on the occiput
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and buttocks after falling, which were absorbed spontaneously.
Bleeding time was 1.3 min (normal values, 1--5 min), prothrombin
time-international normalized ratio (PT-INR) 1.00 (normal values,
0.81—1.38 sec), and activated partial thromboplastin time (APTT)
27.9 sec (normal values, 23—36 sec).

When seen by us at age 1 year and 3 months, his craniofacial
shape became square with a broad, bossed forehead, and hyper-
telorism with downslanting palpebral fissures became evident
(Fig. 1D, E). Skin redundancy and tapering fingers and toes
were noted (Fig. 1D, F, G). Ear rotation and flexion contractures
of fingers improved (Fig. 1E, F).

When last seen by us at age 2 years and 10 months, he weighed
9.86 kg (—2.4 SD), height 84.9cm (—2.1 SD), and OFC 45.5cm
(—2.4 SD). His face was slender, and was characterized by an
unclosed fontanelle, hypertelorism, short and downslanting palpe-
bral fissures, blue sclerae, strabismus, a short nose with a hypoplas-
tic columella, low-set ears, a high palate, a long philtrum, a thin
upper lip vermillion, a small mouth, and microretrognathia
(Fig. 1H). He had a Marfanoid habitus, generalized joint laxity,
a flat and thin thorax, and distinctive fingers (tapering with
enlargement of distal phalanges) (Fig. 1I-L), and talipes valgus
and planus with extremely soft subcutaneous tissues at the heels
(Fig. IN=P). The distal IP joints in bilateral index to little fingers
and the IP/metacarpophalangeal (MP) joints in bilateral thumbs
could hardly be flexed or extended. The MP joints in bilateral index
to little fingers could be moved with poor flexion and hyperexten-
sion (see Supplementary Video 1 online). He had hyperextensible
to redundant skin with bruisability and fine palmer creases
(Fig. 1], L, M). He suffered from constipation (defecation twice
a week), treated with oral magnesium oxide. Ophthalmological
examinations showed mild esotropia, and amblyopia due to severe
hyperopic astigmatism. A cardiac ultrasonography showed no
defects or valve abnormalities but mild dilation of the ascending
aorta at the sinus of Valsalva. A brain CT showed no ventricular
enlargement (Fig. 30, P). G-banded chromosomes were normal.
The Kinder Infant Developmental Scale [Chengetal.,2010] showed
- mild developmental delay with the overall developmental quotient
as 65 (physical/motor, 35; manipulation, 58; receptive language, 77;
expressive language, 103; conceptual thinking, 77; social relation-
ships with children, 68; social relationships with adults, 116; home
training, 68; feeding, 42). He had orchiopexy and a surgical
correction of an umbilical hernia at age 2 years and 7 months.

Patient 2

The patient, a Japanese boy, was the first child of a healthy 25-year-
old mother and a healthy 28-year-old nonconsanguineous father.
He was born by normal vaginal delivery at 38 weeks of gestation.
His birth weight was 2940g (4+0.3 SD), length 49.1 cm (+0.3 SD),
and OFC 32 cm (—0.5 SD). He was admitted for the treatment of
bilateral adducted thumbsand talipes equinovarus. His craniofacial
features included alarge fontanelle, a high forehead, hypertelorism,
short and downslanting palpebral fissures, blue sclerae, strabismus,
a short nose with a hypoplastic columella, low-set and rotated ears,
a high palate, a long philtrum, a thin upper lip vermillion, a
small mouth, and microretrognathia (Fig. 2A). He had arachno-

dactyly, flexion-adduction contractures of bilateral thumbs, flexion
contractures of the IP joints in the other fingers, rigidity of bilateral
hip joints, and mild pectus excavatum (Fig. 2A, B). He also had
widely spaced nipples, a redundant skin, and bilateral cryptorchi-
dism (Fig. 2A). He suckled poorly and hated to be hugged tightly,
suggesting hyperalgesia to pressure. Talipes equinovarus was
treated with serial plaster casts. Gross motor development was
delayed: He raised his head at 7 months, sat without support at
age 1 year and 2 months, crawled at age 1 year and 6 months,
pulled himself up by holding to something at age 1 year and
6 months, and walked unassisted at age 2 years and 6 months.
His fontanelle was closed at age 3 years.

Atage3years, he developed alarge subcutaneous hematoma over
the skull after falling. Hematomas on the lower legs frequently
occurred. He had recurrent dislocations of bilateral shoulders.

When last seen by us at age 6 years and 6 months, he weighed
16.4kg (—1.4 SD), height 112cm (—1.0 SD), and OFC 51.5cm
(—0.2 SD). He could jump unassisted. His craniofacial features
included hypertelorism, short and downslanting palpebral fissures,
blue sclerae, strabismus, a short nose with a hypoplastic columella,
low-set ears, a high palate, a long philtrum, a thin upper lip
vermillion, a small mouth, and microretrognathia (Fig. 2D, E).
He had a Marfanoid habitus, generalized joint laxity, and pectus
excavatum (Fig. 2C). His fingers were cylindrical and slender
(Fig. 2F). He showed talipes equinovarus when lying down (Fig.
2G) and talipes planus when standing (Fig. 2H, I). The subcutane-
ous tissues at the heels were extremely soft. The distal IP joints in
bilateral index to little fingers and the IP joints in bilateral thumbs
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could hardly be flexed or extended. The proximal IP joints in
bilateral index to little fingers and the MP joints in all fingers could
be flexed and extended, but could not be moved separately and
smoothly. His skin was hyperextensible and bruisable. Fine palmar
creases were also noted (Fig. 2F). He occasionally had constipation
and abdominal pain. A cardiac ultrasonography showed trivial
mitral valve prolapse, patent ductus arteriosus, and dextrocardia. A
brain MRI showed bilateral ventricular enlargement (Fig. 3Q, R).
G-banded chromosomes were normal. His intelligence was normal.

SKELETAL INVESTIGATIONS

Radiographs of Patient 1 were reviewed. At age 2 years and 6
months, he had mild scoliosis (Fig. 3B), which was not noted atage 1
year and 10 months (Fig. 3A) . Physiological lumbar lordosis was not
present (Fig. 3C). The left hip joint was dislocated (Fig. 3H). Long
bones of the legs and arms showed over modeling, with narrowing
diaphysis and widening metaphysis (Fig. 3F—H). Bilateral tibiaecand
fibulae were medially curved (Fig. 3H). Short bones of the hands
(Fig. 3D, E) and feet (Fig. 31—-L) also showed over modeling, as well
as osteoporotic changes in the feet (Fig. 31-L).

MUTATION ANALYSIS

Genomic DNA was extracted from peripheral blood leukocytes of
the patients and their parents, and was amplified with PCR using
four primer sets for CHST'14 (sequences available on request).

Through direct sequencing of the PCR products, compound
heterozygous mutations were detected in both patients: c.842
C>T causing p. Pro281Leu (p.P281L) and c.878 A > G causing
p.Tyr293Cys (p.Y293C) in Patient 1; c.626 T>C causing
p-Phe209Ser (p.F209S) and c.842 C>T causing p.Pro281Leu
(p-Y293C) in Patient 2 (data not shown). The parents had one
of the two heterozygous mutations observed in their children.

DISCUSSION

We have presented detailed clinical characteristics and courses of
two new unrelated pediatric patients with compound heterozygous
CHST14 mutations. The features showed striking resemblance to
those of patients with EDSKT in their infancy to early childhood
[Kosho et al., 2005, 2010]. CHST14 mutations (P281L/Y293C) in
Patient 1 were identical to those found in two patients with EDSKT
[Miyake et al., 2010]. F209S found in Patient 2, which was not listed
on a database of common gene variations in the Japanese popula-
tion (JSNP) [Haga et al., 2002], was the mutation that has never
found in previous patients with ATCS, EDSKT, or MCEDS.

To date, 22 patients (12 males, 10 females) from 14 families,
including present patients, have been reported to have homozygous
or compound heterozygous mutations in CHST14 (Tables I and IT)
[Diindar et al., 1997; Sonoda and Kouno, 2000; Diindar et al., 2001;
Janecke et al., 2001; Yasui et al., 2003; Kosho et al., 2005; Diindar
et al., 2009; Kosho et al., 2010; Malfait et al., 2010; Miyake et al.,
2010]. Eight families were of Japanese origin, three of Turkish
origin, one of Austrian origin, and one of Indian origin. The median
patients’ age at their initial publication was 4 years and 1 month
(range, 0 day—32 years): 7 months (range, 0 day—6 years) in ATCS,
12.5 years in EDSKT (range, 2 years—32 years), and 21 years (range,
12 years—22 years) in MCEDS.

CHSTI14 mutations included V49X in two families (ATCS,
MCEDS), K69X in one (EDSKT), R135G in one (ATCS), L137Q
in one (ATCS), F209S in one (EDSKT), R213P in one (ATCS),
P281L in eight (EDSKT), C289S in one (EDSKT), Y293C in four
(one ATCS, three EDSKT), and E334GfsX107 in one (MCEDS).
Sulfotransferase activity of COS-7 cells transfected with CHSTI4
containing K69X, P281L, C289S, or Y293C mutation was decreased
atalmost the same level, suggesting that loss-of-function mutations
in CHST14, that is to say D4ST1 deficiency, would cause these
disorders [Miyake et al., 2010].

Characteristic craniofacial features at birth to early infancy (large
fontanelle, hypertelorism, short and downslanting palpebral fis-
sures, blue sclerae, short nose with hypoplastic columella, low-set
and rotated ears, high palate, long philtrum, thin upper lip vermil-
ion, small mouth, and micro-retrognathia) were noted in most
patients with ATCS, EDSKT, and MCEDS. Slender and asymmet-
rical facial shapes with protruding jaws from school age, commonly
observed in patients with EDSKT, were also described in ATCS2 at
age 15 years, ATCS3 at age 6 years, ATCS7 at age 8 years [Diindar
etal.,, 2009], and in MCEDS] at age 21 years [Malfait et al., 2010].
A pair of ATCS siblings had palatal defects: ATCS4 with cleft lip
and palate, which was surgically repaired, and ATCS5 with cleft soft
palate [Sonoda and Kouno, 2000].

Congenital multiple contractures, most specifically adduction—
flexion contractures of thumbs and talipes equinovarus,



