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Syndromic disorder of sex development due to a novel
hemizygous mutation in the carboxyl-terminal domain of
ATRX
Masaki Takagi1,2,5, Hiroko Yagi3,5, Ryuji Fukuzawa2, Satoshi Narumi1,4 and Tomonobu Hasegawa1

Alpha-thalassemia/mental retardation syndrome X-linked (ATRX; OMIM #301040), which is caused by mutations in the ATRX gene, is
characterized by alpha-thalassemia, distinct dysmorphic facies, psychomotor development delay and genital abnormalities. Here,
we describe a neonatal case of syndromic disorder of sex development, harboring a novel hemizygous mutation, p.Asp2352fs*1 in
the carboxyl-terminal domain of ATRX. Our study provides additional evidence that deletion of the carboxyl terminus of ATRX is
associated with severe genital anomalies.
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Alpha-thalassemia/mental retardation syndrome X-linked
(ATRX; OMIM #301040) is associated with alpha-thalassemia,
distinct dysmorphic facies, psychomotor development delay and
genital abnormalities; this syndrome results from mutations in the
ATRX gene.1,2 In addition to skeletal anomalies, renal and cardiac
anomalies are also present. Genital abnormalities are observed in
80% of male ATRX patients,3 ranging from mild, as in undes-
cended testes, to ambiguous or female phenotypes with streak
gonads; thus ATRX is a significant malformation syndrome causing
disorder of sex development (DSD) during the neonatal period.4

Here, we describe a neonatal case of syndromic DSD, harboring a
novel hemizygous, p.Asp2352fs*1 mutation in the carboxyl-
terminal domain of ATRX.
The propositus was a 5-month-old Japanese boy born at

36 weeks of gestation after an uncomplicated pregnancy and
delivery. The parents were nonconsanguineous and phenotypi-
cally normal. He was the first child of the parents. His birth weight
was 2,102 g (−2.1 s.d.), length was 45.0 cm (−1.9 s.d.), and his
occipital frontal circumference was 32.0 cm (−0.6 s.d.). The Apgar
scores were 5 and 6 at 1 and 5 min, respectively. Dyspnea ensued
shortly after birth, and he required positive airway pressure
support for a few days. At birth, several dysmorphic features
including a dysmorphic face (depressed nasal bridge, hypertelor-
ism, micrognathia and low-set ear), ambiguous genitalia
(Figure 1a), polydactyly of the right foot (Figure 1b) and
ventriculoseptal defect (detected by echocardiography) were
observed. Ultrasonography and magnetic resonance imaging
revealed that the bilateral testes were small but detectable (right:
0.7 × 0.5 cm, left: 0.8 × 0.6 cm) in the inguinal canals; there were no
Müllerian structures. No apparent skeletal deformity was
documented on X-ray, other than polydactyly of the right foot.
An auditory brain stem response examination revealed hearing
loss: 60 dB on the left side and no response on the right side at the

age of 2 months. His eyes were examined by experienced
ophthalmologists, which revealed no ocular malformation.
Owing to the ambiguous genitalia with micropenis and

penoscrotal hypospadias presented by the patient, he was
referred to us for hormonal evaluation at the age of 4 months.
His weight was 3,960 g (−3.7 s.d.) and length was 54.0 cm
(−4.4 s.d.). The basal testosterone concentration was 1.55 ng/ml
and, after stimulation, increased to 3.15 ng/ml (Table 1). The
secretions of luteinizing hormone and follicle-stimulating hor-
mone in response to gonadotropin-releasing hormone was
increased (Table 1) during ‘mini-puberty,’ indicating primary
hypogonadism. His serum concentration of 7-dehydrocholesterol
was not elevated (0.4 μg/ml, ref: 0.3–2.0). He was not anemic
(hemoglobin concentration was 16.5 g/dl). His G-banded
karyotype was 46,XY.
We performed whole-exome sequencing to investigate the

etiology of syndromic DSD in this patient. After gaining approval
from the Institutional Review Board of Keio University School of
Medicine and informed consent from the family of the patient, we
collected genomic DNA from the patient’s peripheral blood
leukocytes. The DNA used in the whole-exome sequencing
was collected using a SureSelect Human All ExonV5 Kit
(Agilent Technologies, Santa Clara, CA, USA) and was sequenced
on a HiSeq 2500 sequencer (Illumina, San Diego, CA, USA) with
100 bp paired-end reads. The methods used herein have been
described in detail previously.5 We identified a novel hemizygous
frameshift mutation, c.7054delG, p.Asp2352fs*1, in ATRX (Figure 2).
We confirmed the mutation detected in the patient by Sanger
sequencing. This mutation was absent from the databases,
including the dbSNP, 1000 Genomes Project, Exome Variant
Server, NHLBI Exome Sequencing Project and Human Genetic
Variation Database for the Japanese population. No other
mutations associated with DSD (genes associated with DSD are
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listed in Supplementary Table) were identified. Parental analysis
was refused.
The ATRX protein belongs to the family of SWI/SNF DNA

helicases, which are involved in chromatin remodeling.6 The
p.Asp2352fs*1 mutation results in the lack of only the carboxyl-
terminal domain, whereas other functional domains, such as the
amino-terminal ATRX–DNMT3–DNMT3L (ADD) domain, which is a
plant homeodomain-like zinc finger with an additional C2–C2
motif, and the helicase/adenosine triphosphatase (ATPase)
domain, which comprises seven highly conserved collinear
helicase motifs, remain intact. To date, more than 150 mutations
of ATRX have been described. The majority of mutations reported
so far in ATRX are missense mutations (about 100 missense
mutations have been reported), and clustered in the two ADD and
helicase domains.7,8 Mutations in the ADD domain are significantly
associated with more severe psychomotor impairment than
mutations in the helicase domain.9 The carboxyl terminus of
ATRX encodes two additional domains of potential functional
importance. The P-box is an element conserved among other
SNF2-like family members involved in transcriptional regulation,
and a stretch of glutamine residues (Q-box) represents a potential
protein interaction domain.3,10 Of interest, it has been reported
that in the absence of this carboxyl-terminal domain, severe
urogenital abnormalities occur, such as female phenotype
with streak gonads or ambiguous genitalia,7 as was observed
in our case. It appears likely that this region plays a specific role in
urogenital development.
Theoretically, the messenger RNA with c.7054delG seems to

result in the nonsense-mediated messenger RNA decay, because
this frameshift occurs in the third last exon of ATRX. However,
previous studies have shown that some truncating mutations in
ATRX with premature stop codon escape from nonsense-mediated
messenger RNA decay, and truncated protein was seen in western
blotting with protein extracts derived from cell lines carrying these
mutations.7 Further, some full-length ATRX protein has been
identified in protein extracts derived from cell lines carrying these
truncating mutations.7 Therefore, the mutant Asp2352fs*1 ATRX
protein could be expressed to some extent, which results in the
ambiguous genitalia in our case.
Alpha-thalassemia is one of the defining elements of this

syndrome (85% in cases) and is a useful reminder that a simple
investigation can be used to establish a diagnosis. However, it is
well known that there is considerable variation in the hematologic
manifestations associated with ATRX mutations.7 A diagnosis of
ATRX in a neonate without anemia essentially depends on facial

Figure 1. Clinical features of the patient. (a) The patient showed
ambiguous genitalia at 4 months of age. Micropenis (penile
length was 1.9 cm) with penoscrotal hypospadias was observed.
No masses were palpable bilaterally. There was no skin hyperpig-
mentation. (b) Photographs of the feet. The right foot had two
additional toes.

Table 1. Endocrinological findings in the patient

4 months Reference

Stimulus Basal Peak Basal Peak

LH (mIU/ml) GnRH 4.4 → 115.48 0.17–1.63a 13.11–25.15a

FSH (mIU/ml) GnRH 15.93 → 81.1 2.12–5.24a 5.75–13.25a

Testosterone (ng/ml) hCG 1.549 3.152 2.0–7.5b

Dihydrotestosterone (ng/ml) 0.77 0.2–1.0b

TSH (mIU/ml) 3.37
Free T4 (ng/dl) 0.9 1.01–1.95
Free T3 (pg/ml) 2.12 2.23–5.30
IGF1 (ng/ml) 34.9 11–149c

Abbreviations: FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; hCG, human chorionic gonadotropin; IGF1, insulin-like growth
factor 1; LH, luteinizing hormone; TSH, thyroid-stimulating hormone.
aReference data of pubertal (Tanner stage II–III) Japanese boys.
bReference data of Japanese adult male.
cReference data of Japanese boys (0 years old).
The conversion factors to the SI unit are as follows: LH 1.0 (IU/l), FSH 1.0 (IU/l), testosterone 0.035 (nmol/l), TSH 1.0 (mIU/l), free T4 12.87 (pmol/l), and free T3,
1.54 (pmol/l) and IGF-I 0.131 (nmol/l).
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gestalt, DSD in males and psychomotor development delay
combined with other nonspecific findings. Facial dysmorphism,
such as telecanthus or widely spaced eyes, short nose, tented
vermilion of the upper lip, and thick or everted vermilion of the
lower lip, are too subtle to be easily identified, particularly at
younger ages. Therefore, the diagnosis of ATRX without anemia
based only on clinical manifestation is not necessarily easy in
a neonate. However, the early diagnosis of ATRX is important for
medical intervention and follow-up, as many children with ATRX
have gastrointestinal symptoms,11–13 such as profound gastro-
esophageal reflux, which may lead to aspiration pneumonia and is
a known cause of death in this syndrome, difficulties in feeding
manifested often by abdominal pain, and distention and the
patient’s refusal for food, along with DSD and intellectual
disability. Through whole-exome sequencing, we successfully
identified a causative mutation in ATRX in this male patient,
who did not exhibit anemia.
In summary, we described a patient with syndromic DSD

harboring a novel hemizygous mutation in ATRX. Our study
provides additional evidence that deletion of the carboxyl
terminus of ATRX is associated with severe genital anomalies.
Because whole-exome sequencing enables the screening of most
protein-coding genes in an unbiased manner, this technique may
help to identify atypical or previously unappreciated phenotypes
associated with a known disease-associated gene.

HGV DATABASE
The relevant data from this Data Report are hosted at the Human
Genome Variation Database at http://dx.doi.org/10.6084/m9.fig-
share.hgv.1345.
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Figure 2. Identification of sequence variation in ATRX. Partial
sequence of PCR product and schematic diagrams of ATRX protein.
The chromatogram shows a hemizygous 1 base pair deletion. The
p.Asp2352fs*1 mutation results in the lack of only the carboxyl-
terminal domain, whereas other functional domains, such as the
amino-terminal ATRX–DNMT3–DNMT3L (ADD) domain and helicase/
ATPase domain remain intact. The P-box is an element conserved
among other SNF2-like family members involved in transcriptional
regulation, and a stretch of glutamine residues (Q-box) represents
a potential protein interaction domain.
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