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Abstract
Stlive-Wiedemann syndrome (SWS, OMIM 601559) is a rare
autosomal recessive bent-bone dysplasia, caused by loss-of-
function mutations in the leukemia inhibitory factor recep-
tor (LIFR) gene, which usually leads to early death. Only few
patients with long-term survival have been described in the
literature. We report on a 5-year-old boy from a consanguin-
eous marriage with molecular analysis for the LIFR gene.
Sanger and next-generation sequencing (NGS) of LIFR were
performed. Copy number variation analysis with NGS
showed a novel mutation as the cause for the syndrome: an
intragenic homozygous deletion in LIFR, involving exons 15-
20. Bridging PCR was carried out to confirm the intragenic
deletion. This is the first description of a large deletion in
LIFR, broadening the spectrum of mutations in SWS. Besides
the reported allelic heterogeneity, further studies such as
exome sequencing are required to identify a novel gene in
order to confirm the locus heterogeneity in SWS.
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Stiive-Wiedemann syndrome (SWS, OMIM 601559)
is a rare autosomal recessive skeletal dysplasia, character-
ized by bowing of the long bones, contractures of large
joints and camptodactyly, respiratory and feeding diffi-
culties, dysautonomia including hyperthermic episodes,
and high lethality in the first year of life [Akawi et al.,
2012]. Only 22 patients have been reported in the litera-
ture with a long-term survival [Jung et al., 2010]. Molecu-
lar analysis of 19 families showed that the syndrome is
caused by loss-of-function mutations in the leukemia in-
hibitory factor receptor (LIFR) gene, which is able to bind
to several cytokines and induces signaling through JAK/
STAT and MAPK pathways [Dagoneau et al., 2004]. A
recent study suggested genetic heterogeneity, by report-
ing 4 patients with a typical SWS phenotype, but without
LIFR mutations [Jung et al., 2010].

Here, we report on the follow-up of a Brazilian patient
with long-term survival as well as his clinical and radio-
logic features. Molecular analysis by Sanger sequencing
and next-generation sequencing (NGS) revealed a homo-
zygous deletion of the final exons of the LIFR as the cause
for SWS in our patient.
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Fig. 1. Clinical pictures and X-rays of the patient at the age of 5
years. A, B Frontal and dorsal views of the patient showing large
joint restrictions, bowing of the lower limbs, and scoliosis. C Bilat-
eral corneal opacity. D Smooth tongue. E Hand X-rays showing

Case Report

The proband is a 5-year-old boy, the second child of consan-
guineous, first-cousin parents. He has an older healthy brother.
Pregnancy was uneventful, but the mother reports that fetal move-
ments started during the fifth month and were weak. The boy was
born at term, by vaginal delivery, with a birth weight 0f 2,955 gand
alength of43 cm (<3rd centile). Bilateral clubfoot deformities were
observed. He evolved with respiratory distress, requiring orotra-
cheal intubation, and seizures, controlled with phenobarbital.
Moreover, feeding difficulties and the inability to swallow were
also disclosed, requiring prolonged hospitalization and leading to
the placement of a gastrostomy tube at 5 months of age. Several
episodes of unexplained hyperthermia were observed since birth.

The boy was first seen at the genetics unit at the age of 8 months,
and physical examination showed: a weight of 7,000 g (3rd centile),
a length of 59 cm (<3rd centile) and an OFC of 46 cm (>85th cen-
tile). He had bilateral corneal opacities, a short nose with upturned
nostrils, shortening and bowing of the limbs, contractures in the
elbows and knees, camptodactyly, and a single left palmar crease.
Skeletal survey showed bowed long bones (fig. 1), widened me-
taphyses with decreased density and an abnormal trabecular pat-
tern, elongation of the epiphyseal plates, and anterior elongation of
the ribs and wormian bones in the skull. Ophthalmologic evalua-
tion disclosed leukocoria (fig. 1), probably related to corneal ulcers,
and normal fundoscopy. Developmental milestones showed delay:
he sat unsupported by 8 months of age, walked and spoke his first
words at 24 months, but presented apparently normal cognitive
function. At 2 years and 5 months, he fractured his right arm after
falling. At 3 years and 11 months, he presented a smooth tongue
without fungiform papillae (fig. 1), absent patellar reflexes and pro-
gressive scoliosis that required bracing. He was still partially fed by
the gastrostomy tube and in use of ibuprofen for his episodes of
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camptodactyly. F, G Frontal and lateral views of the spine showing
scoliosis. H, I Bowing and shortening of the long bones in the low-
er and upper limbs, especially the femurs with metaphyseal widen-
ing.

hyperthermia and phenobarbital for seizures. At the age of 5 years,
the gastrostomy was removed and his height remained <3rd centile.

As the clinical findings were highly suggestive of SWS, mo-
lecular analysis of LIFR (coding exons 2-20 and their flanking
regions NM_001127671.1) was carried out in our patient. This
study was approved by the Ethics Committee of the Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sao Paulo,
and informed consent was obtained prior to the collection of the
samples. After DNA was extracted by salting-out protocol, exons
2-14 were amplified, and no pathogenic mutations were identi-
fied by Sanger sequencing. The amplification of exons 15-20 did
not occur (fig. 2A), leading to the hypothesis of a homozygous
deletion at the end of the gene. The analysis of the parents showed
amplification of all exons similarly to the positive controls. NGS
with capturing probes for all exons of LIFR was performed, which
demonstrated the deletion involving exons 15-20 (fig. 2B). To
confirm the intragenic deletion by gold standard methods, bridg-
ing PCR was carried out using a pair of primers for the initial por-
tion of intron 14 and UTR region of exon 20. The sequencing of
this amplification showed that these regions were adjacent, con-
firming the diagnosis of SWS by a large homozygous intragenic
deletion in our patient.

Discussion

All patients described so far with SWS have a very ho-
mogeneous pattern of clinical findings [Jung et al., 2010],
and our patient follows the same model. The syndrome
was originally described as a lethal disorder, and it took
more than 20 years for reports of patients surviving in-
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Fig. 2. A Amplification of LIFR exons 15-
20. Proband’s DNA did not amplify, simi-
larly to the negative control. The unspecif-
ic band in exon 19 was verified by sequenc-
ing and BLAST. The ladder shows DNA
size markers. B NGS. The capture was per-
formed with homology probes for all exon
regions of LIFR. Note that all exons are rep-
resented in the positive control, while in
our patient exons 15-19 are completely ab-
sent as well as the coding portion of exon
20. This indicates a homozygous deletion
of these exons. — = Negative control; p =
proband; + = positive control. Image ob-
tained from the Integrative Genome View-
er (IGV) software.
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fancy to appear in the literature. Episodes of hyperther-
mia and feeding/swallowing difficulties with pulmonary
aspirations and apnea are still the leading causes of death
either in the neonatal period or in infancy and, therefore,
require proper managements. The survivors also present
lack of pain, which is responsible for several injuries that
may lead to secondary infection and sequelae, such as
corneal opacity, dental loss, and a smooth and deformed
tongue [Chen et al., 2001; Di Rocco et al., 2003].

The mutations in LIFR previously described in the lit-
erature (fig. 3) have been either missense or nonsense,
almost universally predicting the expression of a trun-
cated or damaged protein and consequently null alleles,
abolishing the LIF-mediated JAK-STAT3 signaling.
These mutations are spread throughout the exons encod-

NGS Identifies an Intragenic Deletion in
LIFR

ing the extracellular domain, even within the patients
showing long-term survival [Mikelonis et al., 2014]. The
loss-of-function mutations could explain the homogene-
ity of the clinical findings, but do not seem to be the
mechanism underlying the longer survival presented by
some patients. It is possible that an earlier recognition of
the disorder and a more aggressive and proper manage-
ment in the first months of life could play an important
role in survival.

The patient described here presents a new class of muta-
tions in LIFR, i.e. a large gene deletion. In this case, the
mutation was in homozygosity. This raises the possibility
that this type of mutation could be missed when it is in a
heterozygous status. In this particular scenario, NGS tech-
nique was capable of identifying the mutation responsible
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Catavorello et al., 2013].

for the SWS phenotype in our patient which was further
confirmed by bridging PCR. All techniques have limita-
tions in their own capacity of detecting a gene alteration,
but NGS could combine the identification of both sequence
and copy number variants which other methods cannot.
This report broadens the mutational spectrum in SWS,
and therefore, this type of mutation should be sought when
only one or no mutations in LIFR are identified in an indi-
vidual with SWS suspicion, either by Sanger or NGS.
Previously, 4 individuals with a clinical phenotype of
this disorder did not present mutations in LIFR, and
Western blot analysis of STAT3 phosphorylation in re-
sponse to LIF in cultured skin fibroblasts from these pa-
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