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SHORT COMMUNICATION

Ehlers-Danlos syndrome (EDS) is a heterogeneous 
group of connective tissue disorders characterized by 
joint and skin laxity and tissue fragility (1). Dermatan 
4-O-sulfotransferase-1 (D4ST1) deficiency, a recently 
delineated form of EDS caused by bi-allelic loss-of-
function mutations in the carbohydrate sulfotransferase 
14 gene (CHST14), is clinically characterized by multiple 
congenital malformations (craniofacial abnormalities, 
multiple congenital contractures, congenital heart/eye/
gastrointestinal defects) and progressive fragility-related 
manifestations (skin hyperextensibility and fragility, 
large subcutaneous haematomas, recurrent dislocations, 
progressive skeletal deformities) (2). Biochemical and 
pathological investigations on patients’ skin specimens 
suggest multisystem fragility caused by impaired as-
sembly of collagen fibrils resulting from dermatan sul-
phate (DS) depletion in the decorin glycosaminoglycan 
(GAG) side chain (2). The disorder is currently called 
“EDS musculocontractural type 1” (MIM#601776) or 
“D4ST1-deficient EDS” (2). We report here a 45-year-
old Japanese woman with the disorder.

CASE REPORT
At birth, the patient had talipes equinovarus, resulting in progres-
sive foot deformities and difficulty walking. She had hyperexten-
sible, easily bruisable, fragile skin. Thus, she was suspected of 
having general EDS. She presented congenital optic nerve atrophy 
of the right eye, leading to blindness. Hearing impairment was 
noted. After arthrodesis for bilateral talipes equinovarus at age 5 
years, she was able to walk independently. At age 17, she had a 
right hip dislocation. At age 18, hair loss occurred on the frontal 
region. At age 24, she developed bacterial endocarditis, resulting 
in mitral valve insufficiency, and underwent mitral valvuloplasty. 
At age 30, she had colon diverticulitis. At age 36, she had retinal 
detachment, glaucoma and cataract of the left eye. At age 41, she 
had a left hip joint dislocation, during the reposition of which a 
large subcutaneous haematoma developed along the left lower leg, 
resulting in skin necrosis. It was then that she was referred to our 
department of the hospital for further examination.

At initial examination we diagnosed the patient as having 
general EDS because of skin hyperextensibility and joint hyper-
mobility. Hydronephrosis and nephrolithiasis, detected at age 40 
years, were followed by pyelonephritis at age 44 years. When 
last seen by us at age 45 years, her height was 147 cm (−2.0 
standard deviation (SD)) and her weight was 38 kg (−2.3 SD). 
She had characteristic facial features, including an asymmetrical 
shaped face, hypertelorism, short and downslanting palpebral 

fissures, strabismus, a short nose with hypoplastic columella 
and a long philtrum with a thin upper lip vermilion; she looked 
old for her age, with sparse hair on the forehead (Fig. 1a). She 
had tapering fingers and wrinkled palmar creases (Fig. 1b, c). 
Her skin was hyperextensible and redundant and her small joints 
were hypermobile (Fig. 1e, f). Her left lower leg was covered 
with hypertrophic scars resulting from skin grafts (Fig. 1f). She 
was unable to walk independently because of progressive foot 
deformities (Fig. 1f) and she used a walker or wheelchair for 
mobility. Personal photographs illustrate the patient’s physical 
development over 0–26 years of age (Fig. S1 g–l1).

Microscopic investigations of a skin biopsy specimen from 
the medial side of the arm were performed. Light microscopy 
revealed the following: fine collagen fibres were predominant 
in the reticular to the papillary dermis, normally thick collagen 
bundles were markedly reduced in the reticular dermis (Fig. 
S2a1) and elastic fibres were relatively increased in the dermis 
(Fig. S2b1). Electron microscopy revealed insufficiently as-
sembled collagen fibrils (Fig. S2d1). 

Direct sequencing of CHST14 on genomic DNA extracted 
from her peripheral blood leukocytes revealed 2 compound 
heterozygous mutations that had both been reported in Japanese 
patients with EDS caused by D4ST1 deficiency (2): c.626T>C 
and c.842C>T (p.(Phe209Ser)) and (p.(Pro281Leu)) (Fig. S2e, 
f1). Both mutations of p.F209S and p.P281L were deduced to be 
probably damaging by PolyPhen-2 and deleterious by SIFT. The 
diagnosis was confirmed as EDS caused by D4ST1 deficiency.

DISCUSSION

The clinical features and course of this patient, especially 
the characteristic craniofacial and cutaneous appearance 
that suggested early ageing, as well as the progressive 
skeletal, vascular, ocular, and visceral complications, raise 
the possibility of a relationship between DS depletion and 
early ageing. Of the 39 patients with the disorder described 
to date, including the recent series by Janecke et al. (3) 
and the present patient, 6 were reported to be older than 30 
years at their latest publication (3–5). Four of the 5 whose 
facial photographs were available showed “aged looking” 
craniofacial and cutaneous appearances, such as sparse 
hair and progressively wrinkled palmar creases. Three 
were unable to walk independently due to foot deformities 
or recurrent large subcutaneous haematomas. Three had 
gastrointestinal diverticulitis associated with perforation 
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in 2 of the 3, and 2 had (haemo)pneumothorax. Three 
developed retinal detachment and 1 severe glaucoma, 
resulting in blindness in 2 of them. One died at age 59 
years from intracranial haemorrhage after a fall (5).

Ageing is a natural, continuous process associated with 
progressive structural, functional, and metabolic chan-
ges in various tissues and systems. Parts integral to this 
process have been shown to be structural and functional 
alterations in extracellular matrix components, inclu-
ding GAGs (6). Linear age-related declines in plasma 
DS, chondroitin sulphate (CS), and heparan sulphate/
heparin were demonstrated in healthy individuals (7). 
Furthermore, the progeroid form of EDS was found to 
be caused by loss-of-function mutations in B4GALT7 
or B3GALT6, both encoding galactosyltransferases that 
form a tetrasaccharide linker region indispensable to the 
initiation of CS/DS biosynthesis (8–10).

In conclusion, we have described an additional middle-
aged patient with EDS caused by D4ST1 deficiency, who-
se “aged looking” craniofacial and cutaneous appearance 
and progressive multisystem complications suggest that 
DS depletion could be involved in early ageing. 
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Fig. 1. Clinical photographs at age 45 years. (a) Facial features include an asymmetrical shaped face, hypertelorism, short and downslanting palpebral 
fissures, strabismus, a short nose with hypoplastic columella and a long philtrum with a thin upper lip vermilion. (b) Wrinkled palmar creases on the left 
hand. (c) Tapering fingers of the left hand, with clinodactyly. (d) Skin hyperextensibility on the forearm. (e) Joint hypermobility of the fingers. (f) Bilateral 
foot deformities and scar formation after skin necrosis on the left lower leg. Written permission was obtained from the patient to publish these photographs.
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