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CASE REPORTS IN DIVERSE POPULATIONS

Female-restricted syndromic intellectual disability in a patient
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Female-restricted syndromic intellectual disability (ID) is a neurodevelopmental disorder with
developmental delay (DD)/ID, facial dysmorphism, and diverse congenital anomalies comprising
heart defects, anal anomalies, choanal atresia, postaxial polydactyly, scoliosis, and brain abnormalities. Loss-of-function mutations in the USP9X gene inherited as X-linked dominance were
identified as its etiology in females of different ethnic groups. Here, we report a 15-year-old
Thai girl harboring a novel de novo heterozygous one-base pair deletion (c.3508delG, p.
Val1170TrpfsX9) in exon 23 of USP9X. Her profound DD, dysmorphic face including attached
earlobes, short stature, and congenital malformations including s-shaped thoracolumbar scoliosis, hip dislocation, and generalized brain atrophy shared common characteristics of X-linked
syndromic ID. We have observed severely malformed oro-dental organs and a choledochal cyst,
which have never been reported. Our study presents the first patient from Thailand expanding
the phenotypic and mutational spectra of the syndrome.
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congenital malformations based on 17 unrelated females having de novo
loss-of-function mutations in USPX9 (Reijnders et al., 2016). Common

Ubiquitin-specific protease 9 X-link (USP9X; OMIM 300072), encoding

facial characteristics included prominent forehead, prominent nose with

a conserved deubiquitinating enzyme, was first associated with intellec-

flared alae nasi, thin upper lip, long philtrum, and dysplastic ears. Congen-

tual disability (ID) in a single individual identified in a large-scale

ital malformations comprised choanal atresia, cleft palate, asymmetric

sequencing study of X-chromosome (Tarpey et al., 2009). Subsequently,

hypomastia, heart anomalies, progressive scoliosis, postaxial polydactyly,

a 4-year-old Chinese girl with ID, congenital anomalies, and autism spec-

and anal defects. In 2017, one Canadian female and one Australian

trum disorder was found to harbor a truncating USP9X mutation (Brett

female with ID and USP9X mutations were reported, one with typical

et al., 2014). In 2016, Reijnders et al. defined an ID/developmental delay

syndromic features having a frameshift mutation and the other with mild

(DD) syndrome with distinct facial features, brain anomalies, and multiple

congenital anomalies having deletion in the 50 UTR of the USP9X gene
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FIGURE 1

Clinical features of the proband (a–c). Dysmorphic facial characteristics at an age of 13 years showed curly hair, prominent nose with
wide nasal base and flared alae nasi, telecanthus, full lips, long philtrum, hanging full cheeks, low-set ears, and attached earlobes. (d–g) Physical
features included limb-length discrepancy, flat feet, double jointed thumbs, tapered fingers, halluces valgus, overlapping toes, and hypertrichosis.
(h,i) Oral findings comprised severe malocclusion, irregular dental arches, gingival inflammation, and high-arched palate. a–i, age of 13 years;
e, age of 14 years [Color figure can be viewed at wileyonlinelibrary.com]

(Au et al., 2017). In males, several missense mutations and a frameshift

She subsequently underwent Roux-en-Y choledochojejunostomy and

mutation in the last exon of USP9X were found to cause a nonsyndromic

appendectomy at 1 month of age. Echocardiogram during neonatal

ID (Homan et al., 2014).

period showed atrial septal defect secundum that closed spontaneously. Delayed development was noted. Her IQ at 8 years old was 39.
She had several orthopedic treatments including K-wire fixation, epi-
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physiodesis, hip spica cast, and shoe lifts. The patient was referred to
our institute at 12 years of age for evaluation of profound ID and dys-

Here, we report a 15-year-old Thai girl presenting with ID, dysmorphic

morphic features. She had difficulty walking, delayed speech and

facial features, and multiple congenital anomalies. The proband, the

motor development, recurrent respiratory infections, and short stature

second child of healthy non-consanguineous Thai parents, was born

with a height of 132.8 cm (<3rd centile), weight of 26.8 kg (<3rd cen-

at 38 weeks gestation via breech assisted delivery with birth weight

tile), and head circumference of 50 cm (25–50th centile). Her facial

of 2,650 g (10–50th centile) and APGAR score of 1 at 1 min and 5 at

dysmorphisms consisted of prominent nose with wide nasal base and

5 min. She had congenital right hip dislocation and subluxation of both

flared alae nasi, curly hair, telecanthus, low-set ears, attached earlobes,

knees. Prolonged jaundice led to the discovery of a choledochal cyst.

full lips, and long philtrum (Figure 1a–g). Her oral cavity exhibited
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FIGURE 2

Radiographs of the proband (a–c) right hip dislocation and asymmetric length of legs were present at 12.5 years of age. (d, e) The spine
radiographs showed severe s-shape thoracolumbar scoliosis. The apex of the spine positioned toward the right at T8/T9 level (cobb angle of about 62 )
and toward the left at L1/2 level (cobb angle of about 56 ). (f) Hand radiograph showed delayed bone age around 7 months. (g, h) flexion of the first
interphalangeal joints of the feet and extra bone exostosis were present. (i) Disorganized dentition. (j, k) Magnetic resonance imaging of the brain
showed generalized brain atrophy, thin brainstem, dilated fourth ventricle, hypoplasia of the cerebellar vermis, cerebellum, and corpus callosum, and
no enlargement of the posterior fossa. J, axial T2 FLAIR FS; k, sagittal T1. a–c, age of 12.5 years; d–h and j, k, age of 15 years, i, age of 13 years

severely misaligned teeth, gingival hypertrophy, dysmorphic alveolar

vision screenings, blood chemistry, thyroid hormone levels, and

bone, and high-arched palate (Figure 1h,i). Limb-length discrepancy, flat

ultrasonography of the kidneys and urinary bladder were normal.

feet, double jointed thumbs, slender fingers, halluces valgus, overlapping

Magnetic resonance imaging of the brain showed generalized brain

toes, mild hypotonia, and limited joint mobility were found. Hypertricho-

atrophy, thin brainstem, dilated fourth ventricle, hypoplasia of the

sis became evident at 14 years of age. The scoliosis and leg length dis-

cerebellar vermis, cerebellum, and corpus callosum, and no enlarge-

crepancy were progressed. Radiographic examinations revealed right

ment of the posterior fossa, suggesting Dandy-Walker variant

hip dislocation, severe S-shaped thoracolumbar scoliosis, leg-length

(Figures 2j,k). Her karyotype was 46,XX. Exome and sanger sequenc-

inequality, diffuse osteopenia, flexion of the first interphalangeal joint of

ing of the proband identified a de novo heterozygous one-base pair

the feet, and malocclusion (Figure 2a–i). Her bone age was 7 months

deletion, c.3508delG, p.Val1170TrpfsX9, in exon 23 of the USP9X

delayed. Breast development was Tanner Stage 1 at 12 years and Stage

gene (NM_001039590.2) (Supporting Information Figure S1). This

2 at 15 years of age, indicating delayed puberty. Heart sounds, hearing,

variant was not present in ExAC (http://exac.broadinstitute.org/),
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dbSNP (https://www.ncbi.nlm.nih.gov/projects/SNP/), and our in-house

analysis, and critical revision of the manuscript. All authors gave final

1,600 Thai Exome databases.

approval and agree to be accountable for all aspects of the work.
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Except one patient with a deletion in the 50 UTR of USP9X expected to
have residual functional gene product, all female patients with USPX9
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mutations reported by Reijnders et al., 2016 and Au et al., 2017
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shared certain phenotypes including mild to moderate ID/DD, dysmorphic facial features, short stature, hearing loss, and congenital
defects notably postaxial polydactyly, progressive scoliosis, asymmetric hypomastia, choanal atresia, cleft palate/bifid uvula, heart defects,
and anal anomalies. These overlap with our patient's characteristics
(Supporting Information Table 1). Interestingly, one reported patient
by Reijnders et al., 2016 was the child of Swedish and Thai ancestry.
Unlike our patient, she had hearing and visual impairment, respiratory
insufficiency, and acute lymphoblastic leukemia.
In conclusion, we report the first Thai girl with female-restricted
X-linked syndromic ID syndrome having severely malformed oro-dental
organs and choledochal cyst associated with a novel one-base pair deletion in USP9X, expanding its phenotypic and mutational spectra.
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