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Abstract

We describe a female patient with a midline syndrome. The patient presents agenesis of the corpus callosum, en-
cephalocele, iris coloboma, hypertelorism, submucosal cleft palate and dental anomalies. Despite being very char-
acteristic, her phenotypical traits do not coincide exactly with those reported to date in the literature. The karyo-
type and the molecular cytogenetic study do not show mutations. We identify the presence of dental anomalies
in the mother and other family members, not being identified MSX1 and PAX9 mutations that could the related
with their etiology. Despite the fact that dental agenesis has been related to a large number of other malformation
syndromes and congenital conditions, dental anomalies have only rarely been mentioned when reporting midline
syndromes. These dental phenotypical traits, present in the patient and her family, could be considered part of the

midline syndrome in carriers as well as in the patients
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Introduction

Embryological development is under a strict system of
control involving hundreds of known genes. Mutations
of these genes, as well as environmental factors, have
been associated with the etiology of certain congeni-
tal syndromes and conditions. Specifically, some have
been related to human midline and bilateral symmetry
defects (1-3), for instance the Opitz G/BBB syndrome,
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hypospadias-dysphagia syndrome, a rare condition as-
sociated with midline abnormalities such as laryngo-
tracheo-esophageal cleft, cleft lip and palate, heart
anomalies, genito-urinary defects and agenesis of the
corpus callosum (4). Its genetic etiology is complex,
consisting of both X-linked recessive and autosomal
dominant forms (5).

The oro-facial-digital syndrome is a heterogeneous group
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of conditions. At least thirteen different types have been
described, based on characteristic clinical manifesta-
tions. Common features are the presence of oral, facial
and digital alterations, as well as an X-linked inheri-
tance pattern and mild manifestations in carrier females
(6-8). Holoprosencephalia is a rare condition characte-
rized by the presence of a series of congenital cerebral
anomalies as well as alterations of the facial structures;
specifically, it is due to the failure of the differentiation of
the prosencephalon. The severity of the condition ranges
from minor signs to forms incompatible with human life.
Children affected present a characteristic facial morphol-
ogy, comprising microcephalia and hydrocephalia, hypo-
telorism, flattened nose with one nostril, short nose with
a pronounced saddle—shape, cleft lip and/or palate and
agenesis of the incisors or a solitary central incisor. The
etiology has been related to both genetic and teratogenic
factors (9). This group of congenital conditions also in-
cludes midline facial defects with hypertelorism, a group
of rare, heterogenic craniofacial disorders characterized
by the presence of a bifid nose (10).

We present a case of midline syndrome showing pheno-
typical characteristics that do not coincide entirely with
those described to date in the literature.
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Clinical Description

An eight-year-old female patient with a midline syn-
drome is described in the present report. The karyotype
and the molecular cytogenetic study using telomeric
markers of all the chromosomes, performed at the CIAC
(Genetic laboratory of the ECEMC (http://iier.is.ciii.es)
(3), with a resolution of 550-850 bands, did not show
noticeable anomalies (46,XX.ish multiprobe-T).

The patient presented an alteration in the spheno-ethmoi-
dal region (see the lateral teleradiography of the cranium
(Fig. 1¢)), hypertelorism, iris coloboma, agenesis of the
corpus callosum and encephalocele. No other deve-
lopment anomalies have been observed. The first and
second toes on both feet were unusually far apart. In
the oral cavity, she presented a partial central cleft lip
and an alteration of the insertion of the orbicularis oris
muscle of the lips which was rectified surgically during
the first year of life, and a submucosal cleft palate. In
the primary dentition, the fusion of the maxillary left
lateral incisor and a supernumerary peg-shaped tooth
were identified (Fig. 1a). Large-scale dental crowding
was also seen, mainly in the anterior upper maxillary
region (Fig. 1d). The panoramic radiography showed
agenesis of the maxillary second bicuspids, as well as

Fig. 1. a: Temporary maxillar lateral incisive fused with a supernumerary peg-shaped tooth. b: Panoramic radiog-
raphy of the patient in which the agenesis of the maxillary right second premolars and the peg-shaped maxillar left
lateral incisor can be observed. c: Lateral teleradiography of the patient where the absence of the Sella turcica can
be observed. d: Front photograpy of the patient where an important crowding at incisive sector is observed.
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a possible microdontia of the mandibular ones, which
had not yet erupted. The most notable shape anomaly
was the presence of a peg-shaped maxillary left lateral
incisor (Fig. 1b). No structural anomalies were observed
in either primary or permanent dental organs.

The patient’s family history revealed agenesis of the
mandibular left second premolar in the mother and the
absence of the mandibular right second premolar in her
sister. In these family members we didn’t find any mu-
tations in the coding regions or in the exon-intron junc-
tions of PAX9 and MSXI1 genes, that could be related
with the etiology of tooth agenesis and other dental
anomalies. The existence of dental anomalies among
the remaining members of the family is unknown, due
to the absence of complementary diagnostic information
or because of prosthetic rehabilitation, which renders its
assessment impossible. Two first-degree female cousins
also present the same characteristic separation of the
first and second toes.

The mother had also suffered two miscarriages. The
first one was reported as “spontancous”, with no data
available on the condition of the male foetus or its phe-
notypical characteristics. The second abortion was the-
rapeutic, due to the miscarriage of a male foetus presen-
ting an omphalocele. The karyotype and the molecular
cytogenetic study did not present obvious anomalies.

Discussion

The syndrome presented by the patient is similar to the
ones described as midline syndrome, but does not ex-
press all the phenotypical characteristics described in
the literature or in the reference databases (2,3). This
group of syndromes, characterized by the presence
of alterations at midline and bilateral level, includes
amongst others, the oro-facial-digital syndrome (a
heterogeneous group of genetic disorders that have in
common the presence of oral, facial and digital altera-
tions) (2,3,7), and the Opitz syndrome (a genetic disor-
der with a wide range of clinical expressions, the main
signs being hypotelorism, hypospadias, wide nasal root,
and dysphonic crying; the presence of cleft lip or pal-
ate has also been described, and thoracic and abdominal
alterations as well as genito-urinary anomalies) (7,11).
A recent clinical study of thirty-one individuals with
midline facial defects and hypertelorism found a strong
association between anomalies of the skull and facial
bones, related to a disturbance in the development of
the frontonasal process, ear and larynx, and the central
nervous system. No dental anomalies were reported in
these patients (10).

The frontonasal prominence is composed of the me-
senchyme, derived from the cranial neural crest, sur-
rounded by epithelia derived from the neuroectoderm of
the forebrain and facial ectoderm. The neuroectoderm
influences the patterning of the neural crest inside the
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craniofacial bones; the blocking of the molecular sig-
nals issued from the neuroectoderm leads to holopro-
sencephaly and other craniofacial malformation syn-
dromes (12).

Among the extra-oral traits of the midline syndromes,
the most notable in our case is an alteration in the sphe-
no-ethmoidal region. The endochondral ossification of
the cranial base starts around the 12th week of develop-
ment, at the basal portion of the occipital bone, followed
by the body of the sphenoid bone around the 16th week,
and then by the ethmoid bone. In this way the complete
ossification of the sella turcica is complete by birth. The
ossification advances, both in the endochondral and the
endomembranous bones, leaving open growth areas bet-
ween the craniofacial bones: the mandibular symphysis
and the metopic suture remain open until twenty-four
months after birth (1). The mid-palatine suture ensures
the mediolateral growth of the maxillaries (1,4,12). The
spheno-occipital synchondrosis in the middle of the
clivus closes and disappears at puberty. Here we es-
tablished a correlation with the patient’s craniofacial
anomalies, since these are the cranial structures that
showed the most obvious alterations.

The agenesis of the corpus callosum is related to a de-
fect in the closure of the neural tube (12). This entity
is associated with other malformations of the central
nervous system such as holoprosencephaly, encepha-
locele, meningocele and the Dandy-Walker condition.
To a great extent, these malformations are due to the
absence of differentiation of the neuroblasts and the
cerebral cortex, which occurs after the closure of the
neural tube and which, in a similar way, is related to
the formation of the corpus callosum. These disorders
emerge between the tenth and the 20th week of preg-
nancy, at the time when the cranial base bones start
their ossification. The nasal encephalocele may appear
at the moment of birth in the form of hypertelorism and
widening of the nasal bones (13). Therefore, a certain
temporal co-incidence is observed in the genesis of the
spheno-ethmoidal defect and the corpus callosum agene-
sis identified in this patient. Moreover, Tapadia et al.
(12) described a wide range of craniofacial anomalies
which are associated with the forebrain malformation in
the holoprosencephaly syndromes related to mutations
in the SHH gene, despite the fact that no clear genotype-
phenotype correlation has been found. Neural crest cell
populations send and receive complex signals, espe-
cially from the superficial ectoderm, the neuroepithe-
lium and the pharyngeal endoderm, though a variety of
signalling pathways (Shh, Wnt, Fgf and Bmp) are also
involved in the odontogenesis (14).

The presence of dental anomalies has only rarely been
mentioned in midline syndromes. In a recent clinical
study by Gil-da-Silva-Lopes et al. (10) of thirty-one in-
dividuals with midline facial defects, no reference was
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made to congenital dental anomalies. However, dental
agenesis has been related to a large number of other
malformation syndromes and congenital conditions.
Specifically, the submucosal cleft palate has been asso-
ciated with dental agenesis, the most frequently affect-
ed dental organs being the mandibular second premo-
lars, followed by the maxillary lateral incisors and the
second premolars. Ectopic eruption and transpositions;
peg-shaped maxillary lateral incisors and supernume-
rary teeth have also been reported (15). Our patient and
her family presented some of these anomalies.

As regards the genetic etiology of the syndrome des-
cribed here, since the mother was the carrier, we sug-
gest that the presence of dental agenesis, as well as some
characteristic facial features also found in the patient’s
mother and sister, could be considered as a part of the
phenotypical manifestations of this condition. Up to
now PAX9 and MSX1 are ones of main candidate genes
for dental agenesis in humans (16,17); not being identi-
fied mutations in the coding regions or in the exonin-
tron junctions of these genes in the mother that could be
related with congenital missing teeth.

Omphalocele is a congenital defect of the midline of the
abdominal wall which causes the extrusion of the ab-
dominal content. It may be present as an isolated trait,
in association with anomalies in other organs —such as
hypospadias- and systems, or as a phenotypical cha-
racteristic of certain syndromes, such as the Beckwith-
Wiedemann syndrome (2).

The analysis of the phenotypes of congenital syndromes
or conditions is an important step in the assessment
of the function of related genes. This analysis is of
great interest in the study of closely related genes (for
example, those that belong to the same protein complex
or signalling pathway), since mutations of these genes
are related to similar phenotypical patterns (18). This
kind of study may help to broaden our understanding of
the etiology of certain syndromes and conditions which
are unknown at present, such as the one described
here.
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