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Purpose: Mowat–Wilson syndrome (MWS) is a rare complex malformation syndrome 
which is characterized by typical facial dysmorphism, moderate to severe intellectual 
disability, global developmental delay, and multiple congenital anomalies. Here, we sum-
marize the clinical characteristics and gene mutation analysis of a Chinese boy with MWS.
Patients and Methods: The clinical features of the patient were monitored. DNA extracted 
from peripheral blood was subjected to sequencing analysis. Then, the whole-exome sequen-
cing was performed.
Results: A novel deletion mutation (c.1137_1146del TAGTATGTCT) was identified in exon 
8 of the ZEB2 gene. The deletion mutation was predicted to produce a truncated protein (p. 
S380Nfs*13), resulting in haploinsufficiency. The patient presented with short stature, 
microcephaly, congenital heart defects, cryptorchidism, corpus callosum agenesis, global 
developmental delay, and intellectual disability. Furthermore, he demonstrated bilateral 
sensorineural hearing loss. This manifestation is less common in MWS. It is first reported 
in Chinese patients with MWS. Clinical follow-up showed that the facial features of MWS 
developed with time. The facial features of the patient were not obvious except for the 
uplifted ear lobes at the age of 3 months. At the age of 22 months, the facial characteristics of 
the patient included ocular hypertelorism, frontal bossing, rounded nasal tip, sparse eye-
brows, prominent chin, widely spaced teeth, and uplifted ear lobes with a central depression.
Conclusion: A novel deletion mutation of the ZEB2 gene was identified. This work contributes 
to expanding the mutation spectra of MWS. Our results may reflect the variability of the 
phenotype in MWS.
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Introduction
Mowat–Wilson syndrome (MWS) is a rare complex malformation syndrome which 
is characterized by typical facial dysmorphism, moderate to severe intellectual 
disability, global developmental delay, and multiple congenital anomalies.1,2 

Facial features include high forehead with frontal bossing, hypertelorism, strabis-
mus, deep-set eyes, open mouth with M-shaped upper lip, prominent nasal tip, 
prominent chin, and uplifted earlobes. Other congenital anomalies are variable, but 
may include short stature, microcephaly, Hirschsprung disease (HSCR), corpus 
callosum agenesis, malformations of the brain, genitourinary anomalies (most 
commonly hypospadias), and congenital heart defects.1,2 The syndrome is caused 
by de novo mutations in one allele of zinc-finger E-box-binding homeobox 2 gene 
(ZEB2), which is also called SIP1 (for Smad-interacting protein 1) and ZHFX1B.3,4 

The ZEB2 gene is located on the long arm of chromosome 2q22-23 and consists of 
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10 exons (exon 1 is a noncoding exon), which encodes the 
zinc-finger E-box binding homeobox 2 protein consisting 
of 1214 amino acids.5 ZEB2 is a member of the two- 
handed zinc-finger/homeodomain transcription factor 
family and functions as a transcriptional repressor and 
interacts with Smad1 proteins in the transforming growth 
factor-β signaling pathway.5,6 ZEB2 is evolutionarily 
highly conserved and plays important roles in develop-
ment of the neural crest during fetal development.7,8 It is 
widely expressed in neural crest-derived cells during 
embryological development of central and enteric nervous 
systems, craniofacial mesoderm, heart, and some other 
midline structures, such as corpus callosum and genitalia.7

MWS was first described by Mowat et al.9 The inci-
dence of the syndrome is estimated in the range of 1 per 
50,000~70,000 live births in Europe and USA.4 To date, 
more than 200 different mutations in the ZEB2 gene have 
been reported in various populations (Human Gene 
Mutation Database, http://www.hgmd.cf.ac.uk). In this 
study, we summarized the clinical presentation, genetic 
mutations and follow-up of a Chinese boy with MWS. 
Furthermore, a novel de novo mutation of the ZEB2 gene 
was identified in this patient.

Patients and Methods
The patient was from Jinan Maternity and Child Care 
Hospital Affiliated to Shandong First Medical University. 
All tests were performed as routine clinical investigations 
in accordance with the ethical principles of the Declaration 
of Helsinki. Written informed consent was obtained from 
the guardians of the patient. This study was approved by 
the ethical committee of Jinan Maternity and Child Care 
Hospital Affiliated to Shandong First Medical University.

Genomic DNA was extracted from peripheral blood 
leukocytes of using a commercial kit (Qiagen). Then, the 
whole-exome sequencing was performed. The genetic ana-
lysis was approved by the ethical committee of Jinan 
Maternity and Child Care Hospital Affiliated to 
Shandong First Medical University.

Results
The patient was the second child of healthy nonconsangui-
neous couple and his older brother is healthy. He was born 
by cesarean section at 37 weeks of gestation. His birth 
weight was 2.65 kg and birth length was 48 cm. Head 
circumference at birth was not measured. There was no 
history of birth asphyxia. Although he failed his newborn 
hearing screening, his initial newborn period was otherwise 

uncomplicated, and he was discharged home at 5 days of 
life. At the age of 3 months, he was referred to our hospital 
because he could not raise his head and cried easily. On 
physical examination, his weight was 5.8 kg, length was 
59.5 cm, and head circumference was 37.2 cm. He has 
marked microcephaly (<1%). No specific facial characteris-
tics were found except for uplifted ear lobes with a central 
depression. Furthermore, he had a cardiac murmur and 
echocardiography revealed interventricular septal defects 
and patent ductus arteriosus. Cryptorchidism was detected. 
Brain magnetic resonance imaging (MRI) showed corpus 
callosum agenesis (Figure 1). Because he failed his newborn 
hearing screening, he was retested using transient evoked 
otoacoustic emission and automated auditory brainstem 
response (ABR). However, he still failed to pass the tests. 
Then, the patient was further tested using clinical auditory 
brainstem response and tympanometry at the age of six 
months. As a result, the minimum stimulation intensity 
that can evoke wave V is generally considered as the clinical 
ABR threshold. In click evoked ABR test, the latencies of 
waves I, III, and V were delayed. The threshold was 50 dB 
nHL in both ears. In tone burst ABR test, the thresholds 
were as follows: 60 dB nHL at 500 Hz, 70 dB nHL at 1000 
Hz, 60 dB nHL at 2000 Hz, and 50 dB nHL at 4000 Hz (left 
ear); 60 dB nHL at 500 Hz, 70 dB nHL at 1000 Hz, 70 dB 
nHL at 2000 Hz, and 60 dB nHL at 4000 Hz (right ear). The 

Figure 1 Brain MRI showed agenesis of the corpus callosum.
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tympanogram result was type A. Thus, he demonstrated 
bilateral sensorineural hearing loss.

Clinical follow-up showed that facial features devel-
oped with time. At the age of 22 months, the patient had 
facial dysmorphism including ocular hypertelorism, frontal 
bossing, rounded nasal tip, sparse eyebrows, prominent 
chin, widely spaced teeth, and uplifted ear lobes with 
a central depression (Figure 2, Supplementary Figure 1). 
Furthermore, he presented with failure to thrive (length 
79.8 cm, <3%; weight 9.7 kg, <3%), microcephaly (head 
circumference 43 cm, <1%), developmental delay and 
intellectual disability. All developmental milestones were 
delayed. He raised head at 6 months, sat alone at 12 
months, stood without assistance at 18 months, walked 
on a wide base with support at 22 months, and walked 
alone at 3 years. Surprisingly, he never presented with 
epileptic seizures during follow-up. The bilateral sensor-
ineural hearing loss did not improve with growth.

A deletion mutation (c.1137_1146del TAGTATGTCT) 
was identified in exon 8 of the ZEB2 gene. The mutation 
was predicted to produce a truncated protein (p. 

S380Nfs*13), resulting in haploinsufficiency. The sequen-
cing analyses of parents did not reveal any difference with 
respect to normal controls. Thus, the mutation of the patient 
was de novo.

Discussion
Here we describe the clinical features, gene mutation, and 
follow-up of a patient with MWS. Mowat–Wilson syn-
drome is a rare well-described congenital malformation 
syndrome. The diagnosis of MWS may be clinically diffi-
cult because of the variability of the phenotype and the 
widespread nature of the phenotypic features.10,11 Several 
groups have suggested that MWS is likely 
underdiagnosed.2,12,13 Even though the patients have dis-
tinctive facial appearance and intellectual disability, other 
clinical signs appear in various spectra for each patient. 
Initially, MWS was described in patients who had HSCR 
and severe intellectual disability.9 At present, it is clear 
that the phenotype is highly variable. While microcephaly, 
seizures, and congenital anomalies are common, none is 
obligatory, including HSCR. Overall, only half of all 
patients have HSCR.7,14

With more than 300 patients reported to date, MWS 
has become a well-known entity in clinical 
dysmorphology.15 The most frequent features include 
typical facial dysmorphism, intelligent disability, seizures, 
HSCR, constipation, and congenital heart defects.15 Most 
clinical features of our patient, including global develop-
mental delay, intellectual disability, facial features, micro-
cephaly, short stature, congenital heart defects, 
cryptorchidism and corpus callosum agenesis, were con-
sistent with those described in previous literatures.2,7,15 

One of the most specific clinical signs of MWS is 
a distinctive facial appearance. In our study, facial fea-
tures of the patient were not obvious, except for the 
uplifted ear lobes at 3 months. It is worth noting that 
facial characteristics of children with MWS become 
more prominent as they grow up. At 22 months, the 
patient had ocular hypertelorism, frontal bossing, rounded 
nasal tip, sparse eyebrows, prominent chin, widely spaced 
teeth, and uplifted ear lobes with a central depression. The 
uplifted earlobes did not change significantly over time. 
Achievement of motor milestones was also delayed. He 
was able to walk on a wide base with support at 22 
months and walk alone at 3 years. Nevertheless, several 
major clinical manifestations were not present such as 
HSCR, constipation, seizures and eye anomalies. On the 
other hand, this patient demonstrated bilateral 

Figure 2 Facial appearance of the patient with MWS at the age of 22 months 
showing ocular hypertelorism, frontal bossing, rounded nasal tip, sparse eyebrows, 
and uplifted ear lobes with a central depression. We obtained the permission to use 
the photographs from guardians of the patient.
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sensorineural hearing loss. This manifestation is less com-
mon and has been described only rarely.14–16 It was first 
reported in Chinese patients with MWS. The manifesta-
tion of bilateral sensorineural hearing loss may reflect the 
variability of the phenotype in MWS. Seizures are very 
common manifestations and founded in approximately 
70–75% of patients.13 We need to maintain follow-up of 
this patient to observe whether seizures develop in the 
future. The most consistent finding from brain MRI in 
patients with MWS in the literature is hypoplasia or cor-
pus callosum agenesis.14,17 The utility of brain MRI in 
patients with suspected MWS is primarily to aid in diag-
nosis, as the finding of corpus callosum agenesis is 
a significant positive predictor.17 In our patient, brain 
MRI also showed corpus callosum agenesis, which was 
consistent with previous reports.17

Since MWS is often misdiagnosed during early 
infancy, it is very important to perform genetic testing. 
The haploinsufficiency of the ZEB2 gene is responsible for 
all typical MWS patients. Therefore, molecular confirma-
tion of ZEB2 gene variation is required for diagnosis. In 
this study, a deletion mutation (c.1137_1146del 
TAGTATGTCT) was identified in the ZEB2 gene. In 
order to confirm whether the mutation was novel, the 
sequencing data were compared with those from the 
Human Gene Mutation Database (www.hgmd.cf.ac.uk) 
and gnomAD database (http://gnomad.broadinstitute.org). 
This deletion mutation was not found in the Human Gene 
Mutation Database and gnomAD database, which sug-
gested that it was a novel pathogenic variant. To study 
the mutation spectra of disease-causing genes associated 
with MWS in the Chinese population, a large-scale inves-
tigation is necessary.

Conclusion
A novel mutation (c.1137_1146del TAGTATGTCT) in the 
ZEB2 gene was identified. The novel mutation results in 
the clinical manifestation of MWS. This work contributes 
to expanding the knowledge of the genetic basis of MWS. 
Furthermore, our results may reflect the variability of the 
phenotype in MWS.

Abbreviations
MWS, Mowat–Wilson syndrome; HSCR, Hirschsprung 
disease; ZEB2, zinc finger E-box-binding homeobox 2 
gene; MRI, magnetic resonance imaging; ABR, auditory 
brainstem response.
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