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In view of these glycobiological and pathological findings, skin fragility in this disorder is
suggested to be caused by impaired assembly of collagen fibrils resulting from loss of DS in
the GAG chain of decorin [6]. Decorin DS regulates the interfibrillar distance in collagen
fibrils and permits the extracellular matrix to resist physical stress, possibly through
electrostatic interaction between decorin DS chains and adjacent collagen fibrils (Fig. 4A)
[19]. Collagen fibrils are dispersed in patients” skin tissues where the decorin GAG chains
are exclusively composed of CS (Fig. 4B), whereas collagen fibrils in controls’ skin
specimens are tightly assembled through the GAG chains of decorin exclusively composed
of DS (Fig. 4A).

A B

Collagen fibril

Core protein of decorin
GAG chain of decorin, composed of DS

GAG chain of decorin, composed of CS

Possible relationship between collagen fibrils and decorin in skin specimens of normal control subjects (A) and of
patients (B).

Figure 4. Schema of binding model of decorin to collagen fibrils [20].
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4. Delineation of D4ST1-deficient EDS

Independently identified three conditions, ATCS, EDSKT, and MCEDS caused by loss-of-
function mutations in CHST14, were supposed to be a single clinically recognizable type
of connective tissue disorder [7, 21]. Shimizu et al. [22] presented detailed clinical
information of two additional unrelated patients and a comprehensive review of all
reported 20 patients, which could definitely unite the three conditions named as “D4ST1-
deficient EDS (DD-EDS)”. Kosho et al. [23] concluded that categorization of the disorder
into a form of “EDS” was appropriate clinically because the disorder satisfied all the
hallmarks of EDS including skin hyperextensibility, joint hypermobility, and tissue
fragility affecting the skin, ligaments, joints, blood vessels, and internal organs [1] and
etiologically because multisystem fragility in the disorder was illustrated to be caused by
impaired assembly of collagen fibrils resulting from loss of DS in the decorin GAG chains

[6].

To date, 26 patients have been reported to have homozygous or compound heterozygous
CHST14 mutations (Table 2) [24, 25, 26]. Clinical characteristics are summarized in Table 3,
consisting of progressive multisystem fragility-related manifestations and various
malformations [23].

Characteristic craniofacial features including large fontanelle, hypertelorism, short and
downslanting palpebral fissures, blue sclerae, short nose with hypoplastic columella, low-
set and rotated ears, high palate, long philtrum, thin upper lip vermilion, small mouth, and
micro-retrognathia are noted at birth to early childhood (Fig. 5A, B). Slender and
asymmetrical facial shapes with protruding jaws are noted from school age (Fig. 5C) [12. 15,
22].

Congenital multiple contractures, most specifically adduction-flexion contractures of
thumbs and talipes equinovarus, were cardinal features (Fig. 5D, G, J, K, M). In childhood,
peculiar fingers described as “tapering”, “slender”, and “cylindrical” are also common
features (Fig. 5E, F, H, I). Talipes deformities (planus, valgus) (Fig. 5L, N) and spinal
deformities (scoliosis, kyphoscoliosis) with tall vertebral bodies and decreased physiological
curvature (Fig. 50, P, Q, R, S, T) occur and progress. Malfanoid habitus, recurrent joint
dislocations, and pectus deformities (flat and thin, excavatum, carinatum) are also evident

[12. 15, 22].

Cutaneous features include hyperextensibility (Fig. 5U, V) to redundancy (Fig. 5W),
bruisability, fragility leading to atrophic scars, acrogeria-like fine palmar creases or wrinkles
(Fig. 5F, I), hyperalgesia to pressure, and recurrent subcutaneous infections with fistula
formation (Kosho et al., 2005; Kosho et al., 2010; Shimizu et al,, 2011). ‘

Recurrent large subcutaneous hematomas are the most serious complication , which
sometimes progress acutely and massively to be treated intensively (admission, blood
transfusion, surgical drainage) and are supposed to be caused by rupture of subcutaneous
arteries or veins (Fig. 5X) [12. 15, 22].
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Craniofacial Cardiovascular
Large fontanelle (early choldhood) 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/micro-retrognathia (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) Refractive errors (myopia, astigmatism)
Progressive talipes deformilies (valgus, planus, cavam) Glaucoma/elevated intraocular pressure
Cutaneous Microcomea/microphthalmia
Hyperextensibility/redundancy Retinal detachment
Bruisability Hearing
Fragility/atrophic scars Hearing impairment
Fine/acrogeria-like palmar creases Neurological
Hyperalgesia to pressure Ventricular enlargement/asymmetry
Recurrent subcutaneous infections/fistula 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

Table 3. Clinical manifestations in DD-EDS [23]
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Figure 5. Clinical photographs of patients with DD-EDS [12, 15]. Patient 12 at birth (D), at age 23 days
(A), 3 years (B), 6 years (X), and 16 years (C, E, F, O, P). Patient 13 at age 2 months (J, K), 3 months (G),
14 months (U), 5 years (H), and 28 years (I, L, Q, R). Patient 14 in the neonatal period (M) and at age 28
years (N, W). Patient 16 at age 19 years (S, T, V). Patient number is according to Table 2.
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5. Conclusion

DD-EDS is a newly recognized and delineated form of EDS, characterized by progressive
multisystem  fragility-related manifestations (skin hyperextensibilty and fragility,
progressive spinal and foot deformities, large subcutaneous hematoma) and various
malformations (facial features, congenital eye/heart/gastrointestinal defects, congenital
multiple contractures). The cause of multisystem connective tissue fragility is supposed to
be impaired assembly of collagen fibrils resulting from loss of DS in the decorin GAG
chains. It is the first human disorder affecting biosynthesis of DS, which emphasize a role
for DS in human development and extracellular matrix maintenance [27].
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