
Midline facial defects with hypertelorism
(MFDH) are a group of rare and heterogeneous
conditions involving anomalies of the frontonasal
process, mainly characterized by ocular
hypertelorism, bifid nose, cranium bifidum,
widow’s peak, and median cleft lip and/or palate.
The most clinically recognized disorder of this
group is frontonasal dysplasia (OMIM 136760).

Structural and functional anomalies of the cen-
tral nervous system are often seen in MFDH pa-
tients. These anomalies are strikingly similar to
those described in 22q11.2 deletion syndromes.
Most important coincidental findings are corpus
callosum anomalies, cerebellar reduction,
cerebellum hypoplasia, cortical atrophy, as well as
frontal and parietal lobe defects (Campbell et al.
2006; Simon et al. 2005; Giffoni et al. 2006;
Gil-da-Silva-Lopes and Giffoni 2006). Similar-
ities between these conditions are supported by
isolated reports of MFDH and 22q11.2 deletion

(Stratton and Payne 1997; Kirkpatrick and Pauli
1998).

The 22q11.2 region includes the developmen-
tal gene TBOX-1 (TBX1; OMIM 602054). Muta-
tions in this gene have been reported in individuals
with the 22q11.2 deletion syndrome phenotype
but no detectable deletion (Yagi et al. 2003; Paylor
et al. 2006; Zweier et al. 2007). Because of the pat-
tern of expression in the frontonasal process
(Zoupa et al. 2006), TBX1 was proposed as a can-
didate gene for MFDH. Considering this back-
ground, the objectives of this study were to
investigate the 22q11.2 deletion and to perform a
mutation screening of the TBX1 gene in MFDH
patients.

A group of 10 individuals with MFDH were stud-
ied. The inclusion criteria were: (1) ocular
hypertelorism; (2) bifid nose; and (3) normal
karyotype. Craniofacial aspects and neuroradiological
results are summarized in Table 1. Magnetic reso-
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nance imaging of the central nervous system was
performed in 8 of the 10 patients. Detailed clinical
aspects of all patients were reported elsewhere
(Giffoni et al. 2006; Gil-da-Silva-Lopes and Giffoni
2006; Gil-da-Silva-Lopes and Maciel-Guerra 2007).
The study was approved by our Medical School Eth-
ics Committee (permission no. 488/2002) and all pa-
tients gave informed consent.

FISH was performed on cultured lymphocytes,
with the use of a probe for the 22q11.2 region, the
HIRA/TUPLE1 gene locus (Vysis®). It was not de-
tected deletion in any patient.

Mutation screening of TBX1 gene by direct se-
quencing detected several synonymous single nu-
cleotide polymorphisms (SNPs), already reported
in the NCBI database. A previously described
(Gong et al. 2001; Rauch et al. 2004) and synony-
mous alteration 297GA was found in patient 5.

The most interesting finding was a new se-
quence variant detected in patient 8. This patient
was heterozygous for the nucleotide alteration
1132G�A. This unreported transversion was ob-
served in codon 378 and converted a glycine resi-
due into a serine residue (G378S) in a conserved
portion of the TBX1 protein. Results of in silico

algorithms were concordant about the tolerance
effect of G378S variation at the protein level.
However, this type of investigation is not conclu-
sive and only experimental studies could elucidate
the real effect of this alteration in TBX1 protein
function. It is also noteworthy that this sequence
variant was not found in a group of 110 control in-

dividuals genotyped. Parental samples are not
available, so we could not recognize if the change
is de novo.

Considering the detected 1132G�A sequence
variant, even though the cohort of patients ana-
lyzed was relevant, the involvement of the
22q11.2 chromosomal region in the pathogenesis
of MDFH could not be excluded. As the clinical
heterogeneity of MDFH, other genes expressed
during craniofacial development could also play a
role in the phenotype of this group of patients.
Since the array technique simultaneously analyzes
thousands of regions on the genome to detect copy
number variations, it could be applied in future eti-
ological studies of MFDH.
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Table 1. Main facial and central nervous system features of 10 individuals with midline facial defects with
hypertelorism

Patient Sex Craniofacial aspects Neuroradiological evaluation of central nervous system

1 F ocular hypertelorism, prominent frontal, ocular
coloboma, bifid nose, high palate, dolichocephaly

frontal lobe anteriorization, bilateral frontal encephalocele

2 F ocular hypertelorism, bifid nose, bifid cranium frontal lobe anteriorization, agenesis of corpus callosum,
polymicrogyria

3 F ocular hypertelorism, bifid nose, brachycephaly,
narrow palate

frontal lobe anteriorization, enlargement of parietal fora-
men, agenesis of corpus callosum

4 F ocular hypertelorism, bifid nose, mild bitemporal
depression, epicanthus, high palate, dolichocephaly

frontal lobe anteriorization, enlarged thalamic commissure

5 F ocular hypertelorism, nasal tip, mild temporal de-
pression, high palate, dolichocephaly

no data

6 M ocular hypertelorism, nasal tip, telecanthus, median
cleft lip, dolichocephaly

frontal lobe anteriorization, sphenoidal ventriculocele,
agenesis of corpus callosum

7 M ocular hypertelorism, bifid nose, median frontal de-
pression, high palate, dolichocephaly

frontal lobe anteriorization, agenesis of corpus callosum

8 F ocular hypertelorism, bifid nose, high palate,
dolichocephaly

agenesis of corpus callosum, nodular heterotopy of left
frontal lobe

9 F ocular hypertelorism, nasal tip, prominent frontal,
high and narrow palate, dolichocephaly, bifid cra-
nium

frontal lobe anteriorization, cortical dysplasia,
polymicrogyria, agenesis of corpus callosum,
ventriculocele

10 M ocular hypertelorism, bifid nose, epicanthus,
dolichocephaly

normal computed tomography of crania; no MRI data
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