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Expanding the PURA syndrome phenotype with manifestations
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We report on a 15-year-old Japanese female patient with hypotonia and global developmental delay from the neonatal period who
was revealed to carry a known pathogenic PURA variant (NM_005859.5:c.697_699del, p.Phe233del) by whole-exome sequencing.
She had previously unreported clinical features, including a rectovestibular fistula, extremely short stature, and underweight,
expanding the known phenotype of PURA syndrome.

Human Genome Variation; https://doi.org/10.1038/s41439-022-00189-7

Purine-rich element-binding protein A (PURA) syndrome (MIM
#600473) is a rare genetic disorder characterized by moderate-to-
severe intellectual disability with hypotonia, hypothermia, hyper-
somnolence, feeding difficulties, excessive hiccups, recurrent
central and obstructive apnea, epileptic seizures, abnormal
nonepileptic movements, and abnormal vision1. Purine-rich
element-binding protein (Pur) is a sequence-specific, single-
stranded, nucleic acid-binding protein that is highly conserved
from bacteria to humans2. Purα is a Pur member involved in
neuronal proliferation, dendrite maturation, and the transport of
mRNA to translation sites in hippocampal neurons; it also has an
important role in postnatal brain development3,4.
According to the PURA Syndrome Foundation (https://www.

purasyndrome.org/family), over 478 diagnosed cases have been
reported worldwide as of September 2021. However, because the
disease is not widely known among clinicians, it is conceivable
that many patients have yet not been diagnosed. Here, we report
a Japanese female patient with hypotonia and global develop-
mental delay carrying a known pathogenic PURA variant
(NM_005859.5:c.697_699del, p.Phe233del). This patient had clin-
ical features previously unreported in association with PURA
syndrome, including underweight, an extremely short stature, and
a rectovestibular fistula5–9.
The 15-year-old patient was first referred to our hospital at the

age of 5 years. She is the third daughter of nonconsanguineous
healthy parents, with a healthy older brother and sister. She was
born at 37 weeks of gestation by vaginal delivery with a birth
weight of 2740 g and Apgar scores of 7 and 7 at 1 and 5min,
respectively. She had labored breathing and hypotonia at birth
and required oxygen therapy for several days. She also had poor
sucking and weight gain and needed nasogastric tube feeding for
2 months. Brain computed tomography, magnetic resonance
imaging (MRI), newborn screening tests for congenital metabolic
diseases, and blood tests performed during hospitalization were
all normal. Karyotype analysis showed a normal female karyotype
of 46,XX. A chromosome 15 methylation test for Prader–Willi

syndrome was normal, and there were no SMN1 gene mutations.
She was discharged at 3 months of age with a weight of 4734 g. At
the age of 1.5 years, she weighed 8.7 kg (–1.2 SD). She had severe
allergies to eggs, milk, and wheat and experienced anaphylaxis
several times. She also had severe constipation during infancy.
At the age of 5 years, she presented with marked hypotonia, a

myopathic face, frontal bossing, a high-arched palate, esotropia,
almond-shaped palpebral fissures, long, thin fingers, and soft skin
(Fig. 1A). At the age of 7 years, she developed atonic, tonic, and
gelastic seizures. An electroencephalogram (EEG) revealed occa-
sional spikes, mainly over the left parietal region (Fig. 1B). She was
diagnosed with epilepsy and was prescribed several anti-seizure
medications. A nonepileptic exaggerated startle response to slight
stimulation involving splaying of her arms was also often seen.
Repeat brain MRI revealed no abnormalities.
At the age of 10 years, feces was observed to pass from her

vaginal vestibule. Physical examination revealed a slight fistula in
her vaginal vestibule but no imperforate anus. An enema of
gastrografin containing pyoctanin showed no fistula from her
rectum to vaginal vestibule, but pyoctanin was attached to the
vaginal vestibule after examination. Histological examination of
the excrement from her vaginal vestibule showed the presence of
food residue, so we diagnosed her with a rectovestibular fistula.
The patient has global developmental delay; she achieved head

control at 6 years of age, sat alone at 7 years of age, and stood
with support at 10 years of age. At 15 years of age, she cannot
stand alone and needs full assistance when bathing and at
mealtimes. Mobility is only possible in a wheelchair operated by
another individual. She demonstrates social smiling and can use
jargon but does not speak recognizable words. Growth was also
significantly delayed; her height was 106 cm (–3.5 SD), her weight
was 12 kg, her body mass index (BMI) was 10.7 at 8 years of age,
and at 15 years of age, her height is 118 cm (–7.6 SD), her weight is
16 kg, and her BMI is 11.5 (Fig. 1C).
To confirm a molecular diagnosis, we analyzed DNA samples of

the patient obtained at the age of 11 years and of both parents by
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whole-exome sequencing (WES) using the HiSeq 2500 System
(Illumina, San Diego, CA). DNA samples were extracted from
peripheral blood after receiving written informed consent from
her parents. WES detected a heterozygous in-frame deletion
(NM_005859.5:c.697_699del, p.Phe233del) in exon 1 of PURA in
the patient but not her parents. This was confirmed by Sanger
sequencing.
PURA p.(Phe233del) is the most commonly reported variation

and was first identified by Hunt et al. in 2014; our patient is the
ninth reported to carry the variant5–9. Table 1 compares all nine
patients with the variant, revealing common clinical features
including neonatal hypotonia, postnatal hypotonia, intellectual
disability, language delay, and motor development delay. How-
ever, Patient 14, described by Reijnders et al., first sat alone at 1–2
years of age, while our patient achieved this at 7 years of age.
Similarly, patient DB15-027, described by Lee et al., was able to
walk alone at 4 years of age, while our patient remains unable to
do so at 15 years of age. This suggests the presence of a wide
range of developmental phenotypes among patients with the
same PURA variant. Feeding difficulties, respiratory problems,
hypersomnolence and hypothermia in the neonatal period, an
exaggerated startle response, epilepsy, EEG abnormalities, brain
MRI abnormalities, gastrointestinal abnormalities (e.g., constipa-
tion or drooling), vitamin D deficiency, and dermatological
abnormalities (e.g., soft skin and cutis laxa) were observed in
more than half of the nine patients. Our patient shared these
clinical features, except for hypersomnolence and hypothermia in
the neonatal period, brain MRI abnormalities, and vitamin D
deficiency. The clinical features of patients carrying the PURA p.

Phe233del variant do not differ from those reported for all
patients with PURA syndrome, suggesting that it is difficult to
describe reliable genotype–phenotype correlations5,9.
Our patient had a rectovestibular fistula, which has not

previously been reported in patients with PURA syndrome.
Congenital rectovestibular fistulas comprise the majority of
anorectal malformations10. However, female anorectal malforma-
tions can be difficult to diagnose precisely because of anatomical
complexities and the approximation of genital organs11. Acquired
rectovestibular fistulas are often a symptom of a disorder such as
Crohn’s disease, pelvic infection, and malignancy12. Our patient
was diagnosed with a rectovestibular fistula at the age of 10 years
when feces were observed to pass from her vaginal vestibule, but
it was difficult to distinguish whether this was congenital or
acquired by physical examination and imaging. Therefore,
although it is unclear whether the fistula is associated with the
PURA variant, our patient may expand the phenotypic spectrum
associated with PURA syndrome.
Patients with PURA syndrome often have a short stature5,13.

Indeed, Reijnders et al. reported that the height of 8/49 (16%)
patients was ≤2.5 SD5. However, the extent of short stature and
low weight of our patient, as shown in Fig. 1C, is incomparably
stronger than in previous reports. Our patient lacks the limb
shortening characteristic of achondroplasia, which is associated
with a markedly short stature. Severely stunted height and weight
growth can also result from inadequate caloric intake (such as that
caused by difficulties with nursing or limited food availability),
inadequate caloric absorption (such as that resulting from
metabolic or gastrointestinal disorders), or excessive caloric

Fig. 1 Clinical findings. A The patient at 13 years of age showing a myopathic face, frontal bossing, a high-arched palate, esotropia, and
almond-shaped palpebral fissures. Written informed consent for the publication of photographs was obtained from the patient’s parents.
B EEG of the patient performed at 8 years of age. C Growth chart of the patient showing height and weight. Growth curves are based on a
cross-sectional growth chart for Japanese girls.
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expenditure/ineffective utilization (e.g., resulting from hyperthyr-
oidism, diabetes, pulmonary, or cardiac conditions)14. Our patient
could eat a certain amount of food with assistance, and physical
examinations revealed no metabolic disorders, hyperthyroidism,
diabetes, or cardiac disease. The possibility of inadequate caloric
absorption from gastrointestinal disorders cannot be ruled out,
but it should be noted that PURA syndrome itself can strongly
slow growth.
In conclusion, we report on a 15-year-old Japanese female

with hypotonia and global developmental delay from the
neonatal period that had an unknown cause for many years
but was finally revealed to result from the PURA p.Phe233del
variant, which was identified by WES. In a comparison with eight
previously reported patients carrying the same variant, all shared
neonatal/postnatal hypotonia, intellectual disability, and lan-
guage delay. However, other phenotypes vary widely among
patients, suggesting that it is difficult to identify reliable
genotype–phenotype correlations for PURA syndrome. Our
patient also has a rectovestibular fistula and is of a markedly
short stature and low weight; these findings may expand our
current knowledge of the phenotypic spectrum associated with
PURA syndrome.

HGV DATABASE
The relevant data from this Data Report are hosted at the Human Genome Variation
Database at https://doi.org/10.6084/m9.figshare.hgv.3155.
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