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A Korean Girl with Campomelic Dysplasia caused by
a Novel Nonsense Mutation within the SOX9 Gene
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Campomelic dysplasia (CMD) is a rare, often lethal, genetic disorder characterized by multiple congenital anomalies and
abnormal development of the reproductive organs in males. Mutations in the SOX9 gene are known to cause CMD. We
present a Korean CMD girl with a normal 46,XX karyotype and a female reproductive organ phenotype. She was born at
2.35 kg at 38 weeks of gestation and showed characteristic phenotypes, including cleft palate, micrognathia, hypertelorism,
flat nasal bridge, congenital bowing of limbs, hypoplastic scapulae, deformed pelvis, and 11 pairs of ribs. She also had an
atrioseptal defect of the heart and marked laryngotracheomalacia requiring tracheostomy and tracheopexy. SOX9 mutation
analysis revealed the presence of a novel nonsense mutation, p.GIn369* and the patient was genetically confirmed to have
CMD. Although she showed marked failure to thrive and neurodevelopmental delay, she is now 40 months of age and is the

only surviving patient with CMD in Korea.
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Introduction

Campomelic dysplasia (CMD, MIM#114290) is a rare autosomal
dominant disorder that affects the development of multiple
organ systems, particularly the skeletal and reproductive systems.
Clinical features are characterized by congenital bowing and
angulation of long bones, hypoplastic scapulae, deformed pelvis
and spine, and a reduced number of ribs. Craniofacial anomalies,
including cleft palate, micrognathia, and hypertelorism are
also frequently associated with CMD.” Approximately 75% of
46,XY patients with CMD show ambiguous or complete female
genitalia.” CMD is often life-threatening during the newborn

period, and respiratory distress due to laryngotracheomalacia
contributes to neonatal death in these patients. Therefore, only
a few patients with CMD survive past infancy. Survivors beyond
infancy may also have scoliosis, short stature, and hearing loss
withage.”

CMD is caused by haploinsufficiency of the SOX9 gene at
17924. The SOX9 protein is widely expressed as a transcription
factor in many different tissues and organs during embryonic
development and has also been suggested to play critical roles in
the initiation and maintenance of chondrocyte differentiation
and in male sex differentiation along with SRY.*¥ Only one report
of a genetically-confirmed CMD case in Korea is available.”
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Herein, we present a Korean girl with CMD resulting from a novel
SOX9 mutation who had a 46 XX karyotype and manifested
typical CMD clinical features.

Case Report

A 15-month-old Korean girl was referred to the Seoul National
University Children's Hospital for surgical treatment of the airway
and heart lesions leading to ventilator weaning failure. She was
the firstbaby in the family,and the parents were healthy and non-
consanguineous. The patient wasdelivered by cesarean section at
a regional hospital. Her birth weight was 2.35 kg (<3" percentile)
at the 38 weeks of gestation. Bilateral shortening of all four
limbs was suspected on prenatal ultrasonography. Immediate
resuscitation by intubation was required for respiratory distress
justafterbirth.

At the initial examination after birth, relative macrocephaly,
a small thoracic cage, short limbs with anterior femoral
bowing, bilateral pretibial skin dimples, and bilateral club feet
were identified (Fig. 1). She also displayed facial dysmorphism
with hypertelorism, a depressed nasal bridge, low set ears,
micrognathia, and a cleft in the soft palate. She had marked
laryngotracheomalacia, and weaning from mechanical
ventilation failed recurrently. Tracheostomy was performed at the
age of 4months, but intermittent ventilator care was required.

5 .
Fig. 1. Photograph of the patient’s legs and feet shows bilateral lipoa-

trophy on anterior tibial skin, brachydactyly of the toes, and bilateral
club feet.

At the age of 15 months, the patient's weight was 6.7 kg (<3
percentile) and her length was 58 cm (<3 percentile). She also
required gavage tube feeding because her micrognathia, gastro-
esophageal reflux, and cleft palate caused feeding difficulties.
A ventilated bronchoscopic examination showed dynamic
narrowing of the lower trachea and the left main bronchus.
Echocardiography showed a secundum atrioseptal defect
without other malformations. Thus, tracheopexy and patch
closure of the atrioseptal defect were performed. Mechanical
ventilation was discontinued after the operation, and life-
threatening respiratory obstructive episodes resolved gradually
with age, although her weight gain was consistently poor.

Skeletal radiographs showed cervical spine kyphosis, bilateral
hypoplastic scapulae, bilateral hip dislocations, bilateral talipes
equinovarus, bilateral shortening of tibiae and femora, anterior
bowing of both tibiae, bilateral narrowing of the iliac wings, and
11 pairs of the ribs (Fig. 2). No intra-abdominal anomalies were
observed on an ultrasonographic examination. Brain magnetic
resonance imaging showed mild ventriculomegaly with brain
atrophy and small subependimal nodular lesions in bilateral
frontal horns suggesting white matter injury. Brainstem auditory
evoked potentials were normal. The peripheral blood karyotype
was 46, XX with normal female external genitalia.

CMD was suspected based on medical history and the physical
examination findings. Analysis of the SOX9 gene was performed
as a molecular genetic confirmation of CMD. The patient's
genomic DNA was isolated from peripheral blood after obtaining
informed consent from the legal representative. All three
exons and the intronic flanking regions of the SOX9 gene were
amplified by polymerase chain reaction using specific primers.
Subsequently, DNA sequencing reactions were performed, and a
novel nonsense mutation in exon 3, ¢.1105C>T (p.GIN369%), was
detected (Fig. 3).

At 40 months of age, her weight and height were 7.0 kg
(<3" percentile) and 61.1 cm (<3 percentile), respectively.
Head circumference was 46.7 cm (3"-5" percentile), and her
development was severely and globally delayed, as she could
not sit with support or speak. A gastrostomy was scheduled, and
repair of the cleft palate will be considered after catch-up growth
in weight.

Discussion

CMD is a rare, often lethal, genetic disorder characterized by
multiple congenital anomalies and abnormal development of
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Fig. 2. Simple radiographs show anterior angulation of the C2-3 vertebrae (A), bilateral dislocation
of the femoral heads (B), bilateral metatarsal varus deformity of the feet (C), and anterior bowing of the
tibiae, 11 pairs of the ribs, bilateral hypoplastic scapulae, scoliosis (D).
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Fig. 3. Partial sequences of the SOX9 gene show a heterozygous C>T
mutation at nucleotide 1105 of exon 3, leading to a premature stop at
codon 369.

the reproductive organs in males. This condition affects the
bones and cartilage throughout the body, causing significantly
short limbs, bowed legs, distinctive facial features, and a narrow
thorax. Death often results during the neonatal period because of
respiratory problemsassociated with laryngotracheomalacia and
a narrow thorax. Survivors beyond the first year after birth show
improved quality of life, although mental retardation and pro-
gressive kyphoscoliosisare common complications.”

The diagnosis of CMD is based on the presence of typical clinical
features. Some of the skeletal anomalies are more obvious on
radiological examination. Genetic testing of the SOX9 gene
can lead to a confirmatory diagnosis of CMD. The SOX9 gene

is the only CMD causal gene to date.” However, more than 80
mutationsin SOX9 have been reported worldwide.

The SOX9 protein is expressed throughout chondrogenesis and
actsasakey regulator at multiple steps of cartilage differentiation .’
Itisalso expressed in the genital ridge of both genders, becoming
up-regulated in the developing testes and down-regulated in the
developing ovaries, consistent with an important role in male sex
determination.”® A previous /n vivo study using transgenic mice
showed direct evidence that ectopic expression of SOX9 causes
testes development instead of ovaries in XX mice.” Furthermore,
SOX9 binds to the promoters or enhancers of several chondrocyte

and testis differentiation genes such as the collagen genes'® "

and the testicular anti-mullerian hormone gene.”

Reported SOX9 mutations in CMD are located across the
entire gene and include missense, nonsense, frameshift, splice
site mutations, and gross deletions. A nonsense mutation leads
to truncation of the SOX9 protein that misses part or all of the
transactivation domain at the C-terminus, suggesting that
impairment of gonadal and skeletal development results from
a failure of target gene activation.”” Our patient carried a novel
nonsense mutation, c.1105C>T (p.GIn369%). This mutation is
located in the proline, glutamine, and alanine-rich domain (PQA)
but the function of the PQA is unknown. However, c.1105C>T
leads to premature termination of SOX protein synthesis at codon
369, and theimportant transactivation domain (codons 402-509)
is totally missed and can cause typical skeletal manifestations of
CMDsuch asin our patient. Our patient was karyotyped as 46 XX,
and sexreversal can only be associated with males with the 46, XY
karyotype. The internal and external genitalia of our patient
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showed completely normal female structures. Besides intragenic
mutations in SOX9, CMD has also been associated with complex
chromosomal rearrangements involving 17q, such as reciprocal
translocations, inversions, or deletions.* " Although many
SOX9 mutations have been reported, there has been no distinct
genotype- phenotype correlation concerning mutation type
or location and severity of the disease and sex reversal in male
patients.*”

Here, we report a girl with CMD resulting from a novel SOX9
mutation who showed a typical clinical phenotype. Although
this syndrome is quite rare and often lethal, early diagnosis and
management of associated complications may prevent sudden
deterioration of clinical condition and improve patient quality of
life. Only three cases of CMD have been reported in Korea.”®"”
However, none of the cases survived to 4 months after birth, and
only one case was molecular genetically confirmed as cmD.?
Although our patient showed severe failure to thrive and neuro-
developmental delay, our patient is the only surviving and the
longest living case in Korea.
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