
C A S E  R E P O R T Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Paz-y-Miño et al. Molecular Cytogenetics           (2024) 17:25 
https://doi.org/10.1186/s13039-024-00693-1

therefore, it is not transmissible. Since DFN has a strong 
relationship with the oral and maxillofacial region, 
understanding the mechanism of craniofacial, orbital and 
facial fissures, which are rare alterations that are often 
associated with cleft palate, is important. These altera-
tions are usually associated with rudimentary forms, such 
as coloboma of the eyelids, fissures of the nasal passages, 
obstruction of the tear duct and mandibular hypoplasia 
[1, 2]. For this reason, Tessier classified facial fissures into 
14 types of indentations [3] (Fig. 1).

For a proper understanding of the pathophysiology of 
DFN, it is imperative to remember that the human facies 
are formed from five embryonic prominences. Two of 
them are bilateral, the maxillary and mandibular promi-
nences, whereas one is not, the frontonasal prominence. 
Craniofacial development is a complex process regulated 
by TGF-beta (TGF-B) growth factor genes, which are 
involved in embryonic development and are encoded by 
many genes, which, if altered, give rise to a variety of oro-
facial and craniofacial malformations [4].

We describe a patient who was the product of a first-
degree relationship (father–daughter) with very severe 
and unusual frontonasal dysplasia. We used genetic 
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techniques to analyse, the possible origin and the genes 
that could be involved in the phenotypic manifestations.

Case presentation
Newborn, the result of a first-degree relationship (father–
daughter), mother of 12 years, father of 35 years, Ecua-
dorian origin and mestizo ethnicity. First pregnancy 
without prenatal care; caesarean delivery at 37 weeks of 
gestation with a weight of 2,450  g; multiple malforma-
tions; small eyes with sclerocornea and upper eyelid colo-
boma; bilateral cryptophthalmos; sparse scalp, frontal 
prominence; dolichocephaly; wide nasal root; depressed 
nasal bridge and tip upwards; cleft lip and palate that 
takes over the entire roof of the mouth; Tessier 1–5; ret-
rorotated and low-set ears; soft syndactyly between the 
second and third fingers; umbilical hernia; marble-like 
skin; and hyperplasic genitalia (Fig. 2).

The patient is currently 7 years old. The facial fissure 
was corrected at three years of age, and frontonasal and 
palate reconstruction are pending. Her blindness, moder-
ate mental retardation, hyperactivity, and lack of sphinc-
ter control persisted (Fig. 3).

Complementary examinations such as echocardio-
gram, abdominal ultrasound, transfontanelar ultrasound, 

magnetic resonance imaging and facial computed axial 
tomography (CT) were also performed.

Cytogenetic and molecular studies were performed on 
peripheral blood samples from the patient according to 
standard techniques [5]. We used heparin for cytogenetic 
studies and EDTA for array analysis. One microgram 
of DNA was used, which was labelled and hybridized 
together with control DNA (Promega Corporation, Mad-
ison, WI) on the NimbleGen Human CGH 12 × 135  K 
array (Roche NimbleGen, Inc., Reykjavik, Iceland). The 
array was scanned on a NimbleGen MS 200 microar-
ray scanner (Roche NimbleGen, Inc.). Image files from 
the MS 200 data collection program were imported into 
DEVA v1.2.1 (Roche NimbleGen Inc.) for analysis. The 
CGHweb21 program was used, and each genomic region 
showing a copy number change was examined via the 
USCS Genome Browser 22 to determine its location.

Additionally, a bioinformatic analysis was performed 
with the proteins involved in the genetic alterations 
found in the patient, along with other genes described in 
the literature [1–4], through the STRING23 program. A 
correlation was detected between the genotype obtained 
via bioinformatics analysis and the patient’s genotype [6].

An echocardiogram revealed an atrial septal defect 
without haemodynamic repercussions and good biven-
tricular systolic function. Abdominal ultrasound revealed 
no alterations: liver of normal size, homogeneous texture, 
regular and smooth contours without focal or diffuse 
lesions in the parenchyma; gallbladder: not assessable, 
intrahepatic vessels and pathways: no abnormalities; pan-
creas with homogeneous texture, normal size in all its 
segments; homogeneous spleen, measuring 29 × 18  mm 
without focal or diffuse lesions; and right kidney: mea-
suring 32 × 17 mm.

Transfontanelar ultrasound revealed no alterations; 
magnetic resonance imaging revealed no alterations in 
the midline or eyeball (Fig. 4).

CT was used to evaluate the bone window, and the 
midline defect was evident at the level of the anterior seg-
ment of the face (Fig. 5).

A cytogenetic study revealed that the patient had a nor-
mal karyotype 46,XX.

The study of genetic mapping arrays revealed 0.73 
Gb of alterations, 727,087,295  bp involved in regions 
of homozygosity (ROH) on all chromosomes and 
764,028 bp involved in gains on chromosomes 9 and 14 
[see Additional file 1] (Fig. 6).

The ROH ranged in size from 3.6 Mb to 93.2 Mb, with 
an average size of 18.2 Mb and a median of 12.3 Mb. In 
this situation, with large regions of homozygosity in 
all chromosomes, the percentage of the genome that 
is homozygous was estimated by the sum of all homo-
zygous regions divided by the total genomic length (for 
GRCh37/hg19, it is approximately 2881  Mb) [7], which 

Fig. 1 Facial and cranial clefts. (a) Location in soft tissues. (b) Skeleton. The 
dotted lines are uncertain locations or uncertain indentations
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was 25.2%. From the list of genes located in the regions 
of homozygosity, the function of each gene was sought 
in relation to the patient’s phenotype, generating a list of 
27 genes to which the STRING bioinformatics analysis 
was applied [6] and ontogenetic (genotype‒phenotype), 
with a correlation index of 0.527 (Table 1). Among the 27 
genes in the ROH, 23 had interactions between their pro-
tein products (Fig. 7).

Discussion and conclusions
The medical literature has reported only the severe form 
of frontonasal dysplasia associated with bilateral Tessier 
clefts 1‒5 [3]. The described patient presented with an 
asymmetrical oropalatina cleft with involvement of the 
skeletal system, with bilateral cryptophtalmos and bilat-
eral anophthalmia. Given the consanguinity and pheno-
typic spectrum, a conventional cytogenetic study and a 
genetic mapping array were performed.

A cytogenetic study revealed a normal karyotype, and 
a genetic mapping array was used. A molecular study 
revealed gains of three copies at 9q21.11 and 14q32.33, 
with gains of the FXN and TJP2 genes MIR4507, 
MIR4538, MIR4537, MIR4539, FAM30A, ADAM6 and 
LINC00226, respectively. No association was found 
between the duplication of these genes and the patient’s 
phenotype; although duplication and overexpression of 
TJP2 and nonsyndromic hearing loss have been described 
[8], this patient does not have hearing problems.

However, 727,087,295 bp were also found in regions of 
homozygosity (ROH), which is consistent with the fact 
that the patient is the product of a relationship between 
first-degree relatives. The coefficient of consanguinity in 
the patient due to the first-degree relationship of her par-
ents was 1/4, with expected regions of homozygosity of 
716 Mb [7], and the patient presented 727 Mb.

ROH were detected on all chromosomes, except chro-
mosome 19, involving 3,924 genes, of which GABRB3, 

Fig. 2 Newborn patient. a. Full-body view. b. Side view of the face
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DLX2, MSX1, TBX1 and P63 encode transcription fac-
tors associated with isolated cleft lip and palate.

The GABRB3 gene (15q12) is associated with nonsyn-
dromic orofacial clefts [9]. DLX2 (2q31.1) is important 

during the early steps of neural crest specification; it 
plays a role in craniofacial and forebrain development 
and in the terminal differentiation of bipolar cells in the 
retina [10, 11]. MSX1 (4p16.2) has roles in limb pattern 
formation and craniofacial development, particularly 
odontogenesis [12]. TBX1 (22q11.21) is involved in the 
development of craniofacial muscles [13]. Finally, P63 
(3q28) plays a role in the regulation of epithelial mor-
phogenesis. Alterations of this gene have been associ-
ated with ectrodactyly, syndactyly, dysplasia of fingernails 
and toenails, hypoplastic breasts and nipples, intensive 
freckles, atresia of the tear duct, frontal alopecia, primary 
hypodontia, and loss of permanent teeth [14].

Other genes were within the ROH, such as TGFBR1 
(9q22.33), a receptor for the cytokine TGF beta that 
translates signals from the cell surface to the cytoplasm 
and thus regulates processes such as cell cycle arrest in 
epithelial cells and the control of mesenchymal cell pro-
liferation and differentiation [15]. The TGFB family is 
involved in the palatogenesis process [16], and within 
this family, there are also bone morphogenetic pro-
teins (BMPs) that play important roles in embryogen-
esis and skeletal morphogenesis, among other biological 
processes.

Some BMPs were present in the ROH of this patient, 
such as BMP6 (6q24.6), which regulates the develop-
ment of fat and bone; BMP4 (14q22.2), another TGF-beta 
ligand whose mutations are associated with orofacial 
clefts and abnormalities in eye formation from microph-
thalmia to anophthalmia; BMP2 (20p12.3), whose altera-
tions are related to short stature, facial dysmorphism and 
skeletal abnormalities; and BMP7 (20q13.31), which is 

Fig. 4 Ultrasound of the patient

 

Fig. 3 The patient was 7 years old
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important in some processes, such as embryogenesis and 
skeletal morphogenesis [9, 17, 18].

In vivo and in vitro studies have shown that MSX1 
controls palate growth pathways involving BMPs and 
SHH (7q36.3), which encodes a fundamental protein in 

early embryo modelling. It has been implicated as the 
key inductive signal in the formation of the ventral neu-
ral tube, the anteroposterior axis of the extremities, and 
the ventral somites. Defects in this protein are the cause 

Fig. 6 Genetic mapping of the patient by arrays
The purple signals to the right of each ideogram represent the regions of homozygosity (ROH), and the blue signals represent the gain

 

Fig. 5 CT scan of the patient
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of facial deformities [19]. All of these genes were in the 
patient´s ROH.

MID1S (Xp22.2) is a member of the tripartite motif 
family (TRIM), and mutations in this gene have been 

associated with other syndromes, such Opitz syndrome, 
which is characterized by midline abnormalities such 
as cleft lip and laryngeal cleft. Related pathways include 
antiviral mechanisms involving IFN-stimulated genes 
and cytokine signalling in the immune system. The IRF2 
(4q35.1), IRF2BP2 (1q42.3) and IRF4 (6p25.3) genes were 
also detected in the ROH [20].

Members of the WNT family, the expression of which 
is important in developing facial primordia, were also 
found in the ROH. WNT1 (12q13.12) functions in the 
induction of the midbrain and cerebellum; alterations in 
WNT10B (12q13.12) are associated with dental agenesis; 
and WNT7A (3p25.1) plays an important role in embry-
onic development [9].

Other genes associated with the ROH include TBX22 
(Xq21.1), which encodes a transcription factor involved 
in the regulation of developmental processes. Muta-
tions in this gene are associated with cleft palate and are 
thought to play an important role in human palatogenesis 
[21]. TCOF1 (5q32-q33.1) encodes an important protein 
involved in embryonic development of the head and face, 
and mutations in this gene alter craniofacial development 
[22]. COL2A1 (12q13.11) encodes a collagen specific to 
cartilage tissues, and ALKAL2 (2p25.3) is involved in the 
stimulation of ALK signalling, which is involved in neu-
ronal development and is essential for normal embryonic 
development of the skeleton, linear growth and the ability 
of cartilage to resist compressive forces [9]. FGFR1OP2 
(12p11.23) is a fibroblast growth factor 1 receptor asso-
ciated with several craniofacial anomalies [23]. LHX4 
(1q25.2) and LHX3 (9q34.3) encode transcription factors 
related to the development of the nervous system. ZIC3 
(Xq26.3) is related to the transcriptional regulation of 
pluripotent stem cells and nervous system development. 
SIX3 (2p21) encodes a homeobox transcription factor 
related to eye development and holoprosencephaly, and 
EFNB1 (Xq13.1) plays a role in the development and 
maintenance of the nervous system [9].

Many of the genes described in the ROH have been 
associated with frontonasal dysplasia [24] together with 
the ALX1 gene (12q21.31). Mutations responsible for 
frontonasal dysplasia (DFN) type 3 have been described 
in ALX1, a gene associated with severe facial alterations, 
with an autosomal recessive inheritance pattern. This 
gene belongs to the homeobox family of proteins that 
regulate the expression of genes involved in the develop-
ment of mesenchyme-derived craniofacial structures (9). 
A case from consanguineous parents with a phenotype 
similar to that of the patient under study from consan-
guineous parents has been reported, in which, by analy-
sis with arrays, a region with a homozygous deletion of 
3.7 Mb containing the ALX1 gene was detected [25].

Cases with similar phenotypes resulting from consan-
guineous parents or from neighbouring localities suggest 

Table 1 Gene Ontology functions of the proteins and genes 
associated with the phenotype of the patient.
Formation of anatomical structures involved in morphogenesis
Disease of anatomical entities
Head development
Cleft palate isolated
Orofacial cleft
Synostosis
Coloboma
Dysostosis
Developmental bone disease
Physical disorders
Embryonic morphogenesis
Morphogenesis of the salivary glands.
Morphogenesis of the middle ear
Facial morphogenesis
Morphogenesis of the embryonic skeletal joint
Morphogenesis of the outer ear
Morphogenesis of the embryonic cranial skeleton
Morphogenesis of sensory organs
Morphogenesis of the cranial suture
Regulation of odontogenesis in dentin-containing teeth
Enamel mineralization
Branching is involved in the morphogenesis of salivary glands
Development of the secondary palate
Development of the cranial skeletal system
Palate development
Development of the diencephalon
Development of the pharyngeal system
Ear development
Development of the inner ear
Determination of left/right symmetry
Development of sensory organs
Ocular development
Camera-like eye morphology
Upregulation of osteoblast and chondrocyte differentiation
Front/rear shaft specification
Symmetry specification
Regulation of neuroblast proliferation
Segmentation
Shaft specification
Dorsal/ventral pattern formation
Cell fate specification
Primary neural tube formation
Cell regionalization
Development of the rhombencephalon
Development of the telencephalon
The data were processed with STRING and included the following 27 genes 
of the interactome: ACVRZB, ALKAL2, ALX1, BMP2, BMP4, BMP6, BMP7, CHRD, 
COL2A1, EFNB1, FGR1OP2, GREM2, IRF2, IRF2BP2, IRF4, MSX1, NBL1, RPE65, SHH, 
SOSTDC1, TBX1, TBX2, TCOF1, TGFB1, TGFBR1, WNT7A, and ZIC3
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a recessive aetiology for DFN. For the ALX1 gene, events 
such as mutations or homozygous deletions can cause 
complete loss of function of the ALX1 protein, which 
severely alters early craniofacial development.

The interactome and gene ontology analysis of the 
proteins produced by the genes in ROH confirmed the 
importance of these proteins and their respective interac-
tions in the patients with craniofacial dysplasia.

Array technology identifies variations in the number 
of copies, and in this case, it has shown large regions of 
homozygosity in the patient, which is consistent with the 
family relationship between her parents.

In the regions of homozygosity, genes with important 
roles in craniofacial development were identified, and 
transcription factors; members of the TGFB, BMP, FGF, 
SHH and WNT families; and associated genes, all with 
functions described in signalling pathways, which, owing 
to their homozygous state during craniofacial embryo-
genesis, explain the patient’s phenotype.

Abbreviations
ADAM  Disintegrin and metalloproteinase
ALKAL2  Alkaline phosphatase-like 2
ALX1  ALX homeobox 1
BMP2  Bone morphogenetic protein 2
BMP4  Bone morphogenetic protein 4
BMP6  Bone morphogenetic protein 6

Fig. 7 Interactome of proteins resulting from genes associated with craniofacial development in the ROH in the patient
The blue light lines represent interactions identified in selected databases; the pink lines represent experimentally determined interactions; the lines of 
other colours represent interactions predicted by gene neighbourhoods, gene fusions, and protein homology
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