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Steel syndrome caused by collagen type XXVI a 1 chain mutation: a case report and literature review

LI Bo, CHEN Shao-feng, ZHOU Xiao-yi, WEI Xian-zhao, CHEN Kai, CHEN Zi-qiang, MAO Ning-fang, BAI Yu-shu,
ZHAI Xiao’, LI Ming’

Department of Orthopaedics, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
200433, China

[Abstract] Objective To investigate the clinical features, diagnosis, gene detection, treatment and prognosis of
Steel syndrome caused by the mutation of collagen type XXVl al chain (COL27A1). Methods A case of Han adolescent
Steel syndrome complicated with scoliosis in the Department of Orthopaedics, Changhai Hospital, Naval Medical University
(Second Military Medical University) was reported. Altogether 13 related articles (54 cases of Steel syndrome) from Jan.
1993 to Oct. 2020 were retrieved by using “Steel syndrome” AND “COL27A1” as subject word in the PubMed database.
Among them, 17 cases of Steel syndrome caused by COL27A41 mutation and confirmed by whole exome sequencing
were included. The clinical features of the 18 patients with Steel syndrome caused by COL2741 mutation were analyzed.
Results In this case, in addition to common clinical manifestations such as developmental delay, carpal coalition,
scoliosis, long oval-shaped face, prominent forehead, anteverted nares and other common clinical manifestations, the

patient also had webbed neck and low hairline at the back of neck. Whole exome sequencing indicated that COL2741 gene
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had two compound heterozygous mutations: p.Pro705Ser and p.Asn1723Ser, which originated from father and mother,
respectively. The diagnosis of Steel syndrome with congenital scoliosis was confirmed by the results of all examinations
and the whole exome sequencing. After the preoperative examination, the patient was treated with posterior three-
dimensional orthopaedic bone graft fusion and internal fixation (surgical segments T;-L,). The anteroposterior and lateral
X-rays of the full spine of the patient were performed in the outpatient department at 3 months, 1 year and 2 years after
the operation. The results showed satisfactory segmental fusion without complications such as fracture of screws and rods,
junctional kyphosis and distal adding-on phenomenon. Among the 18 patients, there were nine males and nine females,
with a diagnosis age of 0.17-14 years. Three were COL27A1 complex heterozygous mutations, including p.Pro705Ser and
p-Asn1723Ser (one case), c.93del and c.3075del (one case), and p.Cys174Serfs*34 and p.Arg707* (one case); 15 were
homozygous missense mutations, including p.Gly697Arg (11 cases), p.Gly802Glu (one case), p.Gly904Arg (one case),
c.4261-1G>A (one case), and ¢.3556-2A>G (one case). The main clinical features (unknown in one patient) included
scoliosis (17 cases), short stature (12 cases), long oval-shaped face (nine cases), prominent forehead (nine cases),
developmental delay (five cases), hearing loss (five cases), etc. The imaging features of the 18 patients included hip dislocation
(16 cases), radial head dislocation (11 cases), carpal coalition (nine cases), etc. Conclusion Steel syndrome caused by
COL27A41 mutation is a rare autosomal recessive genetic disease. Its family history, clinical features and imaging examinations
provide a preferential diagnosis, but the final diagnosis should be based on the result of gene sequencing. The treatment of this

disease should be further researched to improve the prognosis.

[Key words] Steel syndrome; collagen type XXVI; scoliosis; surgical treatment
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Fig1 Physical examination showed webbed neck and low hairline (A), cubitus valgus (B) and finger deformity (C)

Al

B2 £HEFEEMNMCX LAMEEHENHTEREE=®EZEG

Fig2 Full-spine anteroposterior and lateral X-ray radiographs and three-dimensional reconstructed

images of spine by computed tomography

A: Full-spine anteroposterior and lateral radiographs showed scoliosis; B: Three-dimensional reconstructed images of the spine showed a

congenital spinal deformity complicated with multiple segmentation and formation defects (block vertebrae at T,-T, and T,-T,;)
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Fig3 Pedigree reconstruction of the family and exome sequencing

A: Pedigree reconstruction of the family (arrow indicates proband); B: Gene capture through high-throughput sequencing

chromatograms (arrows indicate mutation sites); C: Exome sequencing showed p.Pro705Ser variant; D: Exome sequencing showed

p.Asn1723Ser variant. [J represent normal male; O represent normal female; B represent the patient; X represent dead male;

&) represent dead female. Gray represents nonsense mutation; blue represents mutation site
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Fig4 Anteroposterior and lateral X-ray radiographs of full spine of the patient

A: Postoperation 3 months; B: Postoperation 1 year; C: Postoperation 2 years
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Tab 1 Characteristics of patients with Steel syndrome caused by COL2741 mutation

Study Gender (;zg;) Region Clinical feature Radiological feature l\g}ggfggz (])f
Amlie-Wolf, Male 7 Puerto  Short stature, midface hypoplasia, down- Radial head dislocation, ¢.2089G>C,
2020 Rico, slanting palpebral fissures, high arched bilateral hip dislocation  p.Gly697Arg,

USA palate, thoracic deformity, long thorax homozygous
with narrow hips, finger deformity,
scoliosis
Male 14 Puerto  Developmental delay, thoracic deformity, Radial head dislocation, ¢.2089G>C,
Rico, long oval-shaped face, prominent bilateral hip dislocation  p.Gly697Arg,
USA forehead, cubitus valgus, scoliosis homozygous
Female 0.17 Puerto  Thoracic deformity, hip dysplasia, mild Bilateral hip dislocation ¢.2089G>C,
Rico, hypotonia, developmental delay, long p-Gly697Arg,
USA oval-shaped face, prominent forehead, homozygous
cubitus valgus, scoliosis
Kritioti, Male 3 Cyprus  Short stature, delayed speech, hearing Shallow bilateral c.2405G>A,
2020 loss, long oval-shaped face, prominent acetabula, poor p.Gly802Glu,
forehead, finger deformity, mild scoliosis ~ ossification of femoral =~ homozygous
epiphyses, finger
deformity
Polsler, Female 9 Syria Short stature, developmental delay, Radial head dislocation, ¢.93del,
2019 delayed speech, hearing loss, long oval-  congenital hip p-Phe32Leufs*71;
shaped face, prominent forehead, scoliosis dislocation ¢.3075del,

p-Lys1026Argfs*33
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Study Gender (;%1?) Region Clinical feature Radiological feature 1\?3222071114(])1"
Thuresson, Female NA Iraq Developmental delay, hypertelorism, Bilateral hip dislocation ~ ¢.2710G>A,
2019 widely spaced nipples, sacral dimple, p-Gly904Arg,
scoliosis, short upper limbs coxa vara and homozygous
pes cavus, hearing loss
Maddirevula, Male 5 Yemen Long oval-shaped face, thoracic deformity, Bilateral hip dislocation c.4261-1G>A,
2019 frontal bossing, broad nasal bridge, low homozygous
set of ears, scoliosis
Belbin, Male NA Puerto  Short stature, scoliosis Bilateral hip dislocation,  ¢.2089G>C,
2017" Rico, carpal coalition, radial p.Gly697Arg,
USA head dislocation, spine homozygous
anomaly, skeletal
anomaly
Male NA Puerto  Short stature, scoliosis Bilateral hip dislocation,  ¢.2089G>C,
Rico, carpal coalition, radial p-Gly697Arg,
USA head dislocation, spine homozygous
anomaly, skeletal
anomaly
Female NA Puerto  Short stature, scoliosis Bilateral hip dislocation,  ¢.2089G>C,
Rico, carpal coalition, radial p-Gly697Arg,
USA head dislocation, spine homozygous
anomaly, skeletal
anomaly
Female NA Puerto  Short stature, scoliosis Bilateral hip dislocation,  ¢.2089G>C,
Rico, carpal coalition, radial p.Gly697Arg,
USA head dislocation, spine homozygous
anomaly, skeletal
anomaly
Female NA Puerto  Short stature, scoliosis Bilateral hip dislocation,  ¢.2089G>C,
Rico, carpal coalition, radial p-Gly697Arg,
USA head dislocation, spine homozygous
anomaly, skeletal
anomaly
Kotabagi, Female 5 India Long oval-shaped face, prominent Bilateral hip dislocation,  ¢.521 528del,
2017 forehead, finger deformity, scoliosis, short carpal coalition, radial p-Cys174Serfs*34;
stature, developmental delay, delayed head dislocation c.2119C>T,
speech, hearing loss p-Arg707*
Gariballa, Male 3  United Flat face, short stature, upturned nose, Bilateral hip dislocation,  ¢.3556-2A>G,
2017 Arab long philtrum, thin lips, delayed speech,  right elbow dislocation, homozygous
Emirates hearing loss, scoliosis short upper limbs, coxa
vara
Gonzaga- Male 14 Puerto  Normal intelligence, long oval-shaped Bilateral hip dislocation,  ¢.2089G>C,
Jauregui, Rico, face, prominent forehead, broad nasal coxa vara, odontoid p-Gly697Arg,
20152 USA bridge, short stature, scoliosis hypolaisa, carpal homozygous
coalition, radial head
dislocation
Female 12 Puerto Normal intelligence, long oval-shaped Bilateral hip dislocation,  ¢.2089G>C,
Rico, face, prominent forehead, broad nasal coxa vara, odontoid p-Gly697Arg,
USA bridge, short stature, scoliosis hypolaisa, carpal homozygous
coalition
Female NA Puerto NA Bilateral hip dislocation,  ¢.2089G>C,
Rico, leg length discrepancy p-Gly697Arg,
USA homozygous
Present case Male 14 China  Normal intelligence, webbed neck, low Carpal coalition, radial c.2113C>T,
hairline, developmental delay, prominent head dislocation p-Pro705Ser;
forehead, long oval-shaped face, thoracic ¢.5168A>G,
deformity, finger deformity, cubitus p-Asnl723Ser

valgus, scoliosis

COL27A1: Collagen type XXV a1 chain; NA: Not available
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