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Abstract

We screened a cohort of 5 male and 20 female patients
with a Rett spectrum disorder for mutations in the coding
region of FOXGI, previously shown to cause the congenital
variant of Rett syndrome. Two de novo mutations were iden-
tified. The first was a novel missense mutation, p.Ala193Thr
(c.577G>A), in a male patient with congenital Rett syndrome,
and the second was the p.Glu154GlyfsX301 (c.460dupG)
truncating mutation in a female with classical Rett syn-
drome, a mutation that was previously reported in an inde-
pendent patient. The overall rate of FOXGT mutations in our
cohort is 8%. Our findings stress the importance of FOXGT1
analysis in male patients with Rett syndrome and in female
patients when mutations in the MECP2 and CDKL5 genes

have been excluded. Copyright © 2011 S. Karger AG, Basel

Rett syndrome is a severe neurodevelopmental disor-
der characterized by psychomotor regression and loss of
speech, mental retardation, acquired microcephaly, sei-
zures, and stereotypical hand movements [Rett, 1966].
For a long time, Rett syndrome was thought to be an X-
linked dominant condition occurring almost exclusively
in females. The clinical phenotype can be variable, and
distinction between classical Rett syndrome and variant
Rett syndrome has been made by delineation of 5 clinical
variants: the infantile onset seizure variant, the congeni-
tal variant, the ‘forme fruste’, the late childhood regres-
sion variant, and the preserved speech variant [Hagberg
et al., 2002]. The first Rett syndrome gene identified was
MECP2 on Xq28, encoding methyl-CpG binding protein
2 [Amir et al., 1999]. In classical Rett syndrome, muta-
tions in this gene are found in over 95% of affected girls,
but the percentage of mutations identified in patients
with variant Rett is much lower [Webb and Latif, 2001;
Neul etal., 2010]. Male patients with mutations in MECP2
usually have a phenotype different from Rett syndrome,
including severe early postnatal encephalopathy and ear-
ly death [Kankirawatana et al., 2006]. The cyclin-depen-
dent kinase-like 5 gene (CDKL5), also located on the X-
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Fig. 1. Mutations in FOXGI identified to
date. The 2 mutations found in male pa-
tients are indicated at the top. Missense
mutations are indicated in red, the muta-
tions identified in this study are indicated
in italics. FBD = Forkhead-binding do-
main; GBD = Groucho-binding domain;
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JBD = JARID1B-binding domain.

chromosome, was the second Rett gene identified, and
mutations in this gene have been identified in both fe-
males and males with the infantile seizure variant of the
disorder [Mari et al., 2005; Scala et al., 2005]. The FOXGI
gene, located at 14q12 and encoding the forkhead-box
protein G1, a brain-specific transcriptional repressor, was
recently reported to be responsible for the congenital
variant of Rett syndrome [Ariani et al., 2008]. So far, 5
inactivating microdeletions and 12 different point muta-
tions, including 9 truncating and 3 missense have been
reported [Arianietal., 2008; Jacob et al., 2009; Bahi-Buis-
son et al., 2010; Mencarelli et al., 2010; Philippe et al.,
2010; Le Guen et al., 2011a, b]. The reported mutations are
scattered throughout the 3 functional domains of the
gene (fig 1). Strikingly, all of the patients except one ex-
hibit the congenital variant of Rett syndrome with hypo-
tonia and abnormal development from birth. Most co-
horts consisted exclusively of female patients. Recently,
however, since FOXGI is an autosomal gene, a cohort of
50 male patients with Rett-like encephalopathy was
screened and a FOXGI frameshift mutation was identi-
fied in a male patient with congenital Rett syndrome [Le
Guen et al., 2011a].

In this study, we screened a cohort consisting of male
and female patients with Rett spectrum disorders and
identified de novo mutations in 1 of 5 male and 1 of 20
female patients.

Patients and Methods

Our patient cohort of 20 females and 5 males was recruited from
the Child Neurology Department of the University Hospital of Ant-
werp. This cohort was selected from a large cohort of approximate-
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ly 350 patients that was sent in for mutation analysis because of
Rett-like features or developmental delay. In all female patients,
MECP2 rearrangements and mutations were excluded by Multiplex
ligation-dependent probe amplification (MLPA) and sequence
analysis. Male patients with a mutation in the MECP2 gene usually
have a phenotype clearly distinct from Rett syndrome and were
therefore not screened for mutations in this gene. In addition, mu-
tations in the CDKL5 gene were excluded by sequence analysis in
patients of both sexes with variant Rett syndrome. In total, 12
MECP2 and 1 CDKL5 mutation have been identified in this group
of patients. From this large, clinically heterogeneous cohort, we
created a cohort for mutation analysis of the FOXGI gene of 25 pa-
tients by selecting the patients most suspicious for Rett syndrome
based on clinical criteria. In this cohort, 11 patients were diagnosed
with classical Rett, 5 with congenital Rett, 4 with the early-onset
seizure variant, and 5 patients with encephalopathy with seizures
and postnatal microcephaly. The whole coding sequence of the
FOXGI gene was screened for mutations by direct sequencing in all
patients. Primer sequences and PCR conditions are described in the
online supplement data (www.karger.com/doi/10.1159/000330755).

Results

Two unrelated patients out of 25 carried a de novo mu-
tation in the FOXGI gene. A novel missense mutation,
p.Alal93Thr (c.577G>A), was identified in a boy with
congenital Rett syndrome. The nucleotide change lies
within the DNA-binding forkhead domain and affects a
residue highly conserved between different species. It was
found neither in 100 normal control chromosomes, nor
in the parents. Paternity was confirmed by Powerplex®16
analysis (Promega Corporation, Madison, Wisc.). A trun-
cating mutation, p.Glul54GlyfsX301 (c.460dupG), that
has previously been reported as pathogenic was identified
in a girl with classical Rett syndrome [Bahi-Buisson et al.,
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Fig. 2. Clinical pictures of our male patient with congenital Rett
syndrome and a missense mutation in FOXGI at the age of 2.5
years.

2010]. This 1-bp duplication results in the loss of the 3
functional domains: the forkhead-binding domain, the
Groucho-binding domain and the JARID-1B-binding
domain. In one female patient with an encephalopathy
and secondary microcephaly, we identified the variant
p-His57dup (c.159_161dupCCA) that was inherited from
an unaffected father.

Clinical Description of Case 1

This first patient is a boy who was born at term to
healthy unrelated parents after an uneventful pregnancy.
His birth weight was 4 kg (75th centile) and his head cir-
cumference (OFC) was 34 cm (10th-25th centile). Length
at birth was not recorded. Early developmental problems
were observed as there was a delay in eye contact. Head
control seemed initially adequate but within weeks after
obtaining normal control, regression was noted leading
to a loss of head control. The boy had feeding difficulties
and excessive crying. Deceleration of head growth and
microcephaly was evident within the first 3 months. Sei-
zures started at 4 months of age with infantile spasms
followed by consecutively generalized tonic-clonic, myo-
clonic and atonic seizures. MRI of the brain showed de-
layed myelination. At the age of 10 years, he had daily
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drop attacks despite anticonvulsant multitherapy. There
was no speech, and he had bursts of inappropriate laugh-
ter. He walked with support but had spasticity in all limbs
and a dyskinetic movement disorder. Stereotypic hand
movements such as hand washing, wringing and mouth-
ing were continuously present. Voluntary hand move-
ment was limited to touching and grasping. He had severe
strabismus and teeth grinding.

Clinical Description of Case 2

Case 2 is a woman aged 32 years and first child of
healthy unrelated parents after an uneventful pregnancy.
She was born at 38 weeks with normal auxological pa-
rameters. Initial development was normal according to
the parents, and the baby had normal social skills and sat
with support at the age of 5 months. A period of regres-
sion was described by the mother from the age of 7
months, where loss of voluntary hand use and a decline
in social skills rapidly evolved over a few days or weeks.
This acute episode coincided with a febrile illness and
was considered as an acute infectious encephalopathy, at
that time. Irritability with inconsolable crying was con-
stant in this period. By 18 months, she was severely de-
layed with global hypotonia, no speech, strabismus, and
stereotypic hand movements such as hand pulling and
mouthing. She never had epileptic seizures. At evalua-
tion, at 32 years of age, she was severely retarded and
wheelchair-bound with spastic quadriplegia, scoliosis,
hand stereotypies, and dystonia. She had no speech. She
continued to have feeding problems and had a gastros-
tomy and severe reflux oesophagitis. We noted sialor-
rhea, bruxism and convergent strabismus. An EEG did
not show any epileptic abnormalities.

Discussion

This study reports on the identification of 2 de novo
FOXGI mutations, one novel missense mutation and one
previously described frameshift mutation, in 2 unrelat-
ed patients. This brings the total number of published
FOXGI patients to 14, with 13 different mutations. We
report the second male patient with congenital Rett syn-
drome. Together with an earlier report of the discovery
of a frameshift mutation in one patient out of a cohort of
50 males with congenital encephalopathy, microcephaly
and movement disorders, our case stresses the impor-
tance of screening the FOXGI gene not only in females,
but also in male patients with clinical features of Rett
syndrome.

Van der Aa et al.



Our male patient carries a de novo p.Alal93Thr mis-
sense mutation. To date, only 3 missense mutations in
FOXGI have been reported [Mencarelli et al., 2010; Le
Guen, 2011b]. Interestingly, all 4 missense mutations, in-
cluding the one identified in our patient, are located
within the highly conserved DNA-binding forkhead do-
main of the protein (amino acids 181-275). The clinical
phenotype in all 4 patients with missense mutations is
comparable and consistent with the congenital variant of
Rett syndrome.

In our second female patient, we found, for the first
time as far as we know, a frameshift mutation that was
previously reported in an unrelated patient [Bahi-Buis-
son et al., 2010]. This enables comparison of clinical phe-
notypes in patients with the same genetic abnormality.
Both patients with the 1-bp duplication frameshift muta-
tion p.Glul54GlyfsX301 are females. Clinically there is
some overlap in features, but the overall clinical picture
is different in the sense that our patient fits the classical
Rett criteria, and the previously described patient has
congenital Rett syndrome. Similarity is found in the fol-
lowing: both had a normal pre- and perinatal period,
both are now profoundly mentally retarded and both
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have convergent strabismus, jerky arm movements, hand
stereotypies, bruxism, and gastro-oesophageal reflux.
This is not remarkable as these are common features of
Rett syndrome and variant Rett. However, noteworthy is
that both patients do not have epilepsy. Our patient never
had any seizures and is now an adult woman. The previ-
ously described patient was 5.8 years, whereas usually in
Rett syndrome epilepsy starts at a mean age of 4 years.

In conclusion, our data give additional support to the
implication of FOXGI in the molecular etiology of Rett
phenotypes in boys. We therefore highly recommend
screening of FOXGI in all boys with congenital or variant
Rett. Reports of further cases are necessary to delineate
genotype-phenotype correlations.
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