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Mowat–Wilson syndrome and mutation in the zinc finger
homeo box 1B gene: a well defined clinical entity
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M
owat et al in 1998 delineated a new syndrome
characterised by a distinct facial phenotype,
Hirschsprung disease (HSCR), microcephaly, and

mental retardation; they also identified a locus at chromo-
some 2q21-q23.1 The six children described were sporadic
cases, and the authors suggested a contiguous gene
syndrome or a dominant single gene disorder. Three further
sporadic cases published earlier as having unclassified
syndromic HSCR, Goldberg–Shprintzen syndrome, or 2q22-
23 deletion,2–4 were recognised by Mowat et al having the
same distinctive facial appearance as their patients.
Kääriäinen et al reported five patients with a similar
phenotype.5 Mutations in ZFHX1B (SIP1) were identified by
Wakamatsu et al in a patient with a translocation
t(2;13)(q22;q22) and in another three patients, all with
syndromic HSCR.6 Mutations in ZFHX1B (SIP1) were also
identified by Cacheux et al7 in two patients of Kääriäinen
et al5: patient 1 with a t(2;11)(q22.2;q21) and in patient 3;
and in patients 1,2, and 3 of Mowat et al.1 Subsequently
Yamada et al reported ZFHX1B mutations in other patients
with complex developmental disorders,8 as did Amiel et al in
patients with syndromic Hirschsprung disease.9 Investigation
of four patients by Zweier et al10 and one patient by Garavelli
et al11 showed the distinct phenotype and the mutation
in ZFHX1B (SIP1) and confirmed the syndrome described
by Mowat et al.1 Recently an article by Wilson
et al reported 15 new patients with ZFHX1B mutations, and
a review of Mowat–Wilson syndrome was published by
Mowat et al.12 13

Although in total 45 cases with deletions or mutations in
ZFHX1B (SIP1) have been recorded,4–14 detailed clinical
descriptions are rare. We report two new patients from
Northern Italy with all the typical signs of the syndrome and
with mutations in ZFHX1B (SIP1).

CLINICAL DESCRIPTION
Patient 1
This boy was the first child of unrelated parents. The sister
was healthy. He was born at 41 weeks’ gestation with a birth
weight of 3200 g (10th–25th centile), a length of 48 cm
(10th), and a head circumference of 33 cm (3rd–10th).
Hirschsprung disease (HSCR) was diagnosed on day 2; a
colostomy was carried out on day 3 and closed at 8 months.
He had serious constipation from the first months of life and
also a high degree of vescicoureteric reflux. At 14 months,
hypotonia and psychomotor developmental delay was
observed. Because of facial abnormalities a karyotype was
performed, with normal results. He developed seizures at 16
months, when EEG showed epileptic anomalies prevailing on
the right hemisphere, and sodium valproate therapy was
started.

On examination at 5 years of age, the boy showed several
minor facial anomalies: fine hair, high forehead, frontal
bossing, broad nasal bridge, medially flaring thick eyebrows,
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Abbreviations: HSCR, Hirschsprung disease

Key points

N In 1998 a new syndrome characterised by a distinct
facial phenotype, Hirschprung disease (HSCR), micro-
cephaly, and mental retardation was delineated by
Mowat et al, who also identified a locus at chromo-
some 2q21-q23. In 2001, mutations in ZFHX1B were
reported by Wakamatsu et al in patients with
syndromic HSCR, and by Cacheux et al in patients of
Mowat et al. Zweier et al pointed out that ‘‘Mowat–
Wilson’’ syndrome was a distinct and recognisable
syndrome, caused by mutations in the ZFHX1B gene, in
which the presence of HSCR was not constant.

N We observed two new patients with all typical signs of
Mowat–Wilson syndrome, which enabled us to confirm
that it is typical and recognisable, like classical genetic
syndromes, and finds its marker in ZFHX1B (SIP1) gene
mutation. The comparison with the other 45 patients
with deletions or mutations in ZFHX1B (SIP1) as
reported up to now shows a striking resemblance of
the facial features, and uniformity of the associated
malformations as well as of clinical problems and
severe mental retardation.

N We wish to highlight the importance of clinical
recognition of the syndrome with or without HSCR in
the selection of patients for cytogenetic and molecular
analyses. An early diagnosis is also important for
genetic counselling, to distinguish this syndrome from
others with HSCR and autosomal recessive transmis-
sion, since patients with Mowat–Wilson syndrome so
far reported have been sporadic cases.

N Our two patients with the same severe phenotype as
the patients reported with large q22 deletions show
that Mowat–Wilson syndrome is not a contiguous gene
syndrome, and that truncating mutations of one allele
of the ZFHX1B gene involved in neural crest develop-
ment result in this complex phenotype.

N The new heterozygous stop mutation Y293X in patient
2 is novel. Patient 1 shows a heterozygous stop
mutation R695X, already reported in other 5 patients.
Comparison of the clinical data of these six patients
concerning the associated malformations demonstrates
the phenotypic variability of a single mutation in
Mowat–Wilson syndrome.
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downward slanting palpebral fissures, hypertelorism, epi-
canthus, deepset blue eyes, small nose with prominent
columella, open mouth, triangular jaw, prominent chin,
and posterior lowset ears with uplifted lobes, shown in
fig 1(A) and (B). He also presented a high arched palate,
penoscrotal hypospadias with penis recurvation (treated
surgically at 4 years 5 months), right cryptorchidism, pes
planus with calcaneovalgus, mild pectus excavatum, long
tapered fingers, single transverse palmar creases, micro-
cephaly (48.5 cm, ,3rd centile), and severe psychomotor
retardation. Denver testing15 showed that he grasped at 15
months; he walked alone at 3 years; and he was affectionate
and smiling, but had no speech. A cardiac systolic murmur
was present. ECG was normal, but echocardiography showed

a mild fibrosis of the anterior leaflet of the tricuspid valve
with slight valvular insufficiency. Seizures were frequent and
resistant to treatment. MRI of the brain showed a marked
hypoplasia of the corpus callosum and narrow cerebral
ventriculi. Audiometric examination was normal; ocular
fundus examination showed in the right eye an optic papilla
with a grey pigmentary halo, whereas the left eye was
normal. Standard karyotyping was repeatedly normal, and
FRAXA mutation, Angelman syndrome, and metabolic
diseases were excluded.

On the last examination at 13 years and 8 months, patient
1’s weight was 29 kg (,3rd centile), his height was 138 cm
(,3rd) (target .10th), and his head circumference was
50 cm (,3rd). A long face, horizontal palpebral fissures, less
evident epicanthic folds, and abnormal maxillary incisors
were observed. The other facial anomalies were unchanged,
as shown in fig 1 (C) and (D). Thinness was present; pubertal
development was advanced. No seizures had occurred from
age 8 years; EEG showed non-specific anomalies. The severe
psychomotor and mental retardation persisted. Denver
testing15 revealed that the patient ran and walked up steps
at 6 years; drank unaided at 8 years; was toilet trained with
help at 8 years; and still had no speech.

Since we suspected that he had Mowat–Wilson syndrome,
ZFHX1B mutational analysis was performed.

Patient 2
This girl was the first child of unrelated parents. The brother
was healthy. She was born at 41 weeks’ gestation with a birth
weight of 3700 g (75th centile), a length of 51 cm (75th), and
a head circumference of 32 cm (3rd). Cyanosis and cardiac
systolic murmur were present at birth, and echocardiogram
showed Fallot’s tetralogy with an absent pulmonary valve.
Dysmorphism was observed but the karyotype was normal.
At 20 days the patient had vomiting and abdominal
distension; HSCR was diagnosed, and a colostomy was
carried out at day 22. When, at 3 months, surgery for the
Fallot’s tetralogy was performed, agenesis of the pulmonary
valve and severe dilation of pulmonary branches were found.
At 11 months the colostomy was closed. At 1 year of age the
patient developed recurrent seizures; EEG showed slow
widespread anomalies prevalent on frontotemporal bilateral
derivations, and phenobarbitone therapy was started.
Ultrasound of the brain recorded hypoplasia of the corpus
callosum. During the first year of life hypotonia and
psychomotor retardation were observed.

On the last examination at 3 years and 5.5 months, the
patient’s weight was 11.3 kg (,3rd centile), length 93 cm
(25th), and head circumference 43 cm (,3rd). She had fine
hair, a high forehead, frontal bossing, prominent supraorbital
ridges, medially flaring eyebrows, hypertelorism, deepset
eyes, a small nose with a prominent columella, open mouth,
prominent chin, and posterior lowset ears with uplifted lobes,
shown in fig 1 (E) and (F). She also presented a high arched
palate, long tapered fingers, single incomplete transverse
palmar creases, and pes planus with calcaneovalgus. A
cardiac systolic murmur persisted and seizures were recur-
rent. Cranial MRI confirmed hypoplasia of the corpus
callosum. She presented a severe psychomotor retardation;
Denver testing15 revealed that she sat ‘‘head steady’’ at 1 year,
did not sit without support, grasped at 2.5 years, and turned
to voice at 2 years and had no speech.

As the clinical picture was typical of Mowat–Wilson
syndrome, ZFHX1B mutational analysis was undertaken.

METHODS AND RESULTS
ZFHX1B investigations
FISH analysis for exclusion of whole gene deletions was
performed as described earlier,10 with normal results in both

Figure 1 (A) and (B), patient 1 at age 5 years. (C) and (D), patient 1 at
age 13 years and 8 months. (E) and (F), patient 2 at age 3 years and 5
months.
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patients. Sequencing of the complete coding sequence of
ZFHX1B10 showed a new heterozygous exon 8 stop mutation
nt2083 c-t (R695X) in patient 1, and a new heterozygous
exon 7 stop mutation nt 879 t-g (Y293X) in patient 2 (fig 2).

In tables 1 and 2, clinical and molecular data on our two
patients are compared with those of the 45 patients with
deletion or mutation in ZFHX1B (SIP1) so far reported.1 4–14

DISCUSSION
These patients presented all the clinical features of Mowat–
Wilson syndrome, as defined by Zweier et al10 and Garavelli et
al,11 and confirm that it is distinct and recognisable like
classical genetic syndrome that finds its marker in ZFHX1B

(SIP1) gene mutations. The clinical picture is different from
that of Goldberg–Shprintzen syndrome,16 which is charac-
terised by a different facial phenotype; commonly palpebral
ptosis and cleft palate are commonly observed as well as
generally milder mental retardation. Only two of at least 17
published cases supposed to have Goldberg–Shprintzen
syndrome occurred sporadically, the majority of cases being
sibs and/or offspring of consanguineous mating.2 16–23 Only
recently a patient with suggested Goldberg–Shprintzen
syndrome was investigated for ZFHX1B mutations and was
shown to have none.24 The differential diagnosis is important
for genetic counselling, because Goldberg–Shprintzen syn-
drome is most likely autosomally recessive, whereas all

Figure 2 Scheme of ZFHX1B exons
and corresponding protein structure
adapted from Zweier et al,10 showing
the position of the presented mutations.
NZF, N-terminal zinc finger cluster;
CZF, C-terminal zinc finger cluster;
SBD, Smad binding domain; HD,
homeodomain-like segment.

Table 1 Mowat–Wilson syndrome and mutation in ZFHX1B; clinical data.1 4–14

Clinical features 1 2 Total patients(S) % of total

Facial characteristics
Sparse/fine hair + + 9/13(N) 69.2
High, broad forehead/frontal bossing + + 9/11 81.8
Medially flaring thick eyebrows + + 36/36 100.0
Hypertelorism + + 38/38 100.0
Strabismus 2 + 18/23 78.3
Deepset eyes + + 36/36 100.0
Epicanthus + 2 8/13 61.5
Downward slanting palpebral fissures + + 11/15 73.3
Broad nasal bridge/saddle nose + + 42/43 97.7
Small nose, round tip/prominent columella + + 28/29 96.5
Open mouth + + 24/28 85.7
Prominent pointed chin/triangular jaw + + 40/40 100.0
Posterior lowset ears with uplifted lobes + + 36/36 100.0
Other malformations and problems
HSCR + + 30/47 63.8
Seizures + + 35/46 76.1
Congenital heart disease 2 + 22/47 46.8
Agenesis/hypoplasia of corpus callosum + + 15/33 45.4
Renal anomalies + 2 10/27 37.0
Hypospadias + 15 NR 12/25 48.0
Cryptorchidism + 15 NR 11/25 44.0
Cleft submucous palate / high arched palate + + 10/27 37.0
Dermatoglyphic anomalies + + 8/9 88.8
Tapered fingers + + 16/19 84.2
Pes planus with calcaneovalgus + + 10/11 90.9

Mental retardation + + 47/47 100.0
Microcephaly ((3rd centile at last follow up) + + 40/46 86.9
Hypotonia + + 25/26 96.2
Short stature (,3rd centile at last follow up) + 2 12/29 41.4
Happy, affectionate personality + + 24/25 96.0

1, patient 1 (male); 2, patient 2 (female); S, all 47 were sporadic cases, 32 of whom were males and 15 females;
N, number of patients for whom data were available; NR, not relevant.
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patients with Mowat–Wilson syndrome so far reported have
been sporadic cases.

Mowat–Wilson syndrome patients, besides having a dis-
tinct facial phenotype and severe mental retardation, often
present HSCR, epilepsy, and major and minor malformations
which suggest the diagnosis and direct analyses to a
rearrangement in 2q22-q23 or, if not present, in the gene
mutation. The presence of HSCR is a strong cross reference
marker, and the importance of a careful clinical assessment
in all newborns with HSCR has been outlined recently.25 On
the other hand, Zweier et al10 found the ZFHX1B mutation in
all four patients with typical facial phenotype, two having
and two not having HSCR. The mutation was not found in
the fifth patient with syndromic HSCR but different facial
anomalies. The authors conclude that HSCR is one of the
multiple variable anomalies of Mowat–Wilson syndrome.

Wakamatsu et al6 identified a ZFHX1B deletion in a patient
with translocation t(2;13)(q22;q22), and ZFHX1B mutations
in another three patients with syndromic HSCR selected from
a series of 200 patients with HSCR. The same authors8 14 in a
study of 10 patients with mutation in ZFHX1B (including the
four patients previously described)6 found HSCR only in four
out of 10 (two did not have HSCR, four had constipation),
and they concluded that the mutation in ZFHX1B caused a
complex developmental disorder with a great variety of
clinical features. They14 also noticed a strong resemblance of
these patients to those described by Mowat et al.1 Amiel et al,9

in a study of the ZFHX1B mutation in 19 patients with
syndromic HSCR selected from 250 patients with HSCR,
showed a mutation in eight patients (one of them with
constipation only). They emphasised the fact that Mowat
et al1 first recognised the distinct clinical features of these
patients and identified a locus at chromosome 2q22-23.
Recently Wilson et al12 and Mowat et al13 reported 15 new
patients with ZFHX1B mutations and provided a detailed
discussion on the clinical features and the change in facial
phenotype with age in this syndrome.

The comparison of the data on our patients with those on
the 45 patients with mutation in ZFHX1B already reported in
the literature (tables 1 and 2), showed that the main facial
features (medially flaring thick eyebrows, hypertelorism
deepset eyes, strabismus, broad nasal bridge, rounded nasal
tip, open mouth, prominent pointed chin, and lowset ears
with uplifted lobes) described by Mowat et al1 13 were present
in most of the patients (table 1). These observations, together
with the published photographs,1 5 6 8–14 demonstrated a
striking resemblance in facial features. Furthermore, in
these patients there was a high frequency of some major
malformations, such as HSCR (63.8%), heart defects
(46.8%), agenesis of the corpus callosum (45.4%), and
seizures (76.1%) (table 1). Minor malformations were
frequent but not invariably reported. The mental retarda-
tion, usually severe, was constant; the delay in the
acquisition of motor skills was more variable (table 2).
The male/female ratio was 2.13/1, the difference being
statistically significant (p,0.01) compared with the general
population. The patients presented normal weight and
length at birth. The cranial circumference at birth was close
to or below the 3rd centile in 11 out of 19 patients (58%)
(and in general one centile less than that of weight and
height), whereas 40 out of 46 patients (86.9%) had a
cranial circumference on or below the 3rd centile at the
last follow up (tables 1 and 2). On the grounds of these
observations we want to highlight the importance of
clinical recognition of the syndrome with or without
HSCR, in order to select cases for cytogenetic and
molecular analyses.

Whereas our patient 1’s mutation R695X had already been
reported in a patient with syndromic HSCR,6 in three patients
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with complex developmental disorder,8 and in one patient of
Wilson et al,12 the mutation Y293X in our patient 2 was novel.
The latter would result in a premature translational stop
within the N-terminal zinc finger cluster of the putative
protein, which therefore would miss the Smad binding
domain, the homeodomain, and the C-terminal zinc finger
cluster. Our patient with the R695X mutation had HSCR, as
did one of the reported cases, but of the remaining four
patients one did not have HSCR and three had moderate to
severe constipation only. Congenital heart defects were
reported in one of them. Agenesis of corpus callosum was
seen in our patient, and excluded in the only reported patient
who had had brain studies. Thus, some phenotypic variability
of a single mutation is demonstrated in Mowat–Wilson
syndrome. Genotype-phenotype correlation in large scale
deletions have been discussed elsewhere.26

These two patients, with the same severe phenotype as the
patients reported with large q22 deletions, show that Mowat–
Wilson syndrome is not a contiguous gene syndrome, and
that truncating mutations of one allele of the ZFHX1B gene
involving neural crest development result in this complex
phenotype. Nevertheless, it is noteworthy that an atypical
phenotype with late adult onset severe constipation and mild
mental retardation in the absence of specific facial anomalies,
seizures, and other malformations might be caused by non-
truncating mutations, such as a 3 bp in frame deletion.27

A Mowat–Wilson syndrome mutation database will be avail-
able at following URL: http://www.humgenet.uni-erlangen.
de/2kforschung mowat-syndrom.html
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