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Abstract

Background: 22q11.2 duplication syndrome (Dup22q11.2) has reduced penetrance and variable expressivity. Those
affected may have intellectual disabilities, dysmorphic facial features, and ocular alterations such as ptosis,
hypertelorism, nystagmus, and chorioretinal coloboma. The prevalence of this syndrome is unknown, there are only
approximately 100 cases reported. However Dup22q11.2 should have a similar prevalence of DiGeorge syndrome (1
in each 4000 new-borns), in which the same chromosomal region that is duplicated in Dup22q11.2 is deleted.

Case presentation: We report a patient with intellectual disability, psychomotor development delay, hearing loss
with disyllable pronunciation only, hyperactivity, self-harm, hetero-aggressive behaviour, facial dysmorphism, left
facial paralysis, post-axial polydactyly, and for the first time in patients with Dup22q11.2, optic nerve coloboma and
dysplasia in optic nerve. Array comparative genomic hybridization showed a 22q11.23 duplication of 1.306 million

base pairs.

hybridization, Case report

Conclusions: New ocular findings in Dup22q11.2 syndrome, such as coloboma and dysplasia in the optic nerve,
are reported here, contributing to the phenotypic characterization of a rarely diagnosed genetic syndrome. A
complete characterization of the phenotype is necessary to increase the rate of clinical suspicion and then the
genetic diagnostic. In addition, through bioinformatics analysis of the genes mapped to the 22q11.2 region, it is
proposed that deregulation of the SPECCTL gene could be implicated in the development of ocular coloboma.
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Background

22q11.2 duplication syndrome (Dup22qll.2; Online
Mendelian Inheritance in Man (OMIM) # 608363) is a
genetic disorder with a dominant autosomal inheritance
pattern, reduced penetrance and variable expressivity.
The same chromosomal region involved in this syn-
drome is deleted in DiGeorge syndrome. Although both
deletion and duplication are expected to occur in equal
proportions as reciprocal events, very few duplications
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have been identified. While the calculated prevalence of
DiGeorge syndrome is 1 of each 4000 new born, only
around of 100 cases of Dup22ql11.2 had been reported.
This disparity in the prevalence of both syndromes could
be explained at least in part because the phenotype of
the duplication is not well understood.

In the majority of cases, the size of the duplication var-
ies between 1.5 and 3.0 million base pairs (Mb). The
phenotype is variable and has been reported to include
intellectual disabilities, severe psychomotor development
delays, language disorders, dysmorphic facial features
and hypotonia; however, others with duplication do not
present particular phenotypic findings [1].
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In patients with Dup22q11.2, ocular findings such as
ptosis, down-slanting palpebral fissures, epicanthal fold,
hypertelorism, astigmatism, strabismus, hyperopia, my-
opia, nystagmus, chorioretinal coloboma, retinal vascular
tortuosity and primary congenital glaucoma have been
described [2].

Array comparative genomic hybridization (aCGH) is a
molecular test that evaluates the entire genome and de-
tects numerical and structural chromosome alterations
throughout all chromosomes; this diagnostic technique
surpasses karyotyping by light microscopy by finding de-
letions and duplications up to 10,000 times smaller. The
aCGH is a test used in the differential diagnosis of pa-
tients with intellectual disabilities, psychomotor develop-
ment delay, autism, and multiple congenital anomalies
[3-5].

We report a patient with Dup22q11.2 with optic nerve
coloboma and dysplasia in the contralateral optic nerve,
findings not described in the reviewed literature, con-
tributing to the phenotypic characterization of the syn-
drome and the epidemiology of this rare genetic
disorder. In addition, through bioinformatics analysis of
the genes mapped to the 22q11.2 region, deregulation of
the SPECCI1L gene could be implicated in the develop-
ment of coloboma.

Case presentation

A female patient 6 years and 3 months of age at the time
of consultation, the product of a non-consanguineous
relationship, was accompanied by her paternal grand-
mother, who had legal custody. According to the infor-
mation provided by the caregiver, the patient was the
product of a first pregnancy. At the time of conception,
the father was 20 years old, and the mother, who was 18
years old, did not attend prenatal care appointments
during pregnancy. She had a vaginal delivery without
complications, but the new born required hospitalization
for 3days for phototherapy management of Rh
incompatibility.

Regarding psychomotor development, the patient
crawled at 16 months, walked at 3 years, and has spoken
disyllables since 4 years of age. Currently, she does not
have a comprehensible verbal language. In addition, she
has hyperactivity disorder, has difficulty following in-
structions, displays self-harm and hetero-aggressive be-
haviour, for which she is treated pharmacologically with
risperidone, and is enrolled in first grade, without meet-
ing the learning requirements.

Among the relevant findings in the physical
examination are weight, 16.3 kg (- 1.9 SD); height, 107
cm (- 1.9 SD); head circumference, 50 cm (- 1.64 SD);
distance between outer canthi, 8 cm (50th percentile);
distance between inner canthi, 2.6 cm (3rd to 25th per-
centile); interpupillary distance, 4.5 cm (25th percentile);
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wide philtrum, right palpebral ptosis, right ear with poor
differentiation of the antihelix, left ear with prominent
antihelix and hypoplastic lobe; short and wide neck;
winging of the scapula occurs with myopathy of the
muscles around the shoulder; high exit crease on palm;
café-au-lait macule, approximately 6 cm in the hypogas-
trium; and hypotonia. A post-axial polydactyly surgical
scar was found on the left hand. She had hypoacusis and
only pronounced disyllables. During the consultation,
the patient wandered spontaneously and showed signs of
hyperactivity and a delay in psychomotor development,
and intellectual disability became evident.

The following relevant findings were observed on oph-
thalmological physical examination: left facial paralysis,
with secondary lagophthalmos of approximately 4 mm,
with Bell’s phenomenon; and right palpebral ptosis with
a palpebral fissure of 9 mm, unlike the left palpebral
fissure of 12 mm. In the exploration of visual acuity, she
fixed, followed and maintained with both eyes. The pu-
pils had a diameter of 3 mm and were reactive to light,
and no afferent pupillary defect was found. Extraocular
movements were preserved, and the Hirschberg corneal
reflex was centred. No significant findings were obtained
in the exploration of the eye anterior segment, the cor-
nea was clear, the anterior chamber was wide, the iris
had a normal appearance, and crystalline lenses were
transparent. Intraocular pressure measured by digital
palpation was considered normal. Upon examination of
the right fundus, a macrodisc was observed, with marked
pallor and only a remnant of the superior part of the
neuroretinal rim, marked peripapillary atrophy and the
presence of an inferotemporal coloboma (Fig. 1). The

Fig. 1 Photograph of the right optic disc. Optic nerve coloboma;
the development of the inferior disc is worse than superior
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left optic disc, of smaller size, had an excavation in the
inferior position with absence of the inferior neuroret-
inal rim, and the remaining neural tissue was pink/or-
ange and of normal aspect (Fig. 2). In both eyes, the
macula had a normal appearance, and both retinas were
attached.

The patient has been examined using multiple diag-
nostic aids, with alterations found in the following:

At 5 months of age, electroretinography indicated a
diffuse retinal anomaly in both eyes.

In the eighth month, a patent foramen ovale with a
left-to-right shunt was found on a two-dimensional
echocardiogram, a finding managed by observation.
The most recent echocardiogram at 6 years of age
showed that the interauricular communication was
closed, with persistence of the left superior vena cava.
At 12 months of age, hearing potential tests identified
profound hearing loss in the left ear and severe hearing
loss in the right ear. The exam was repeated at 4 years
of age, and moderate neurosensory hearing loss was
found in both ears. Paediatric otolaryngology concluded
that she was not a candidate for a cochlear implants,
and hearing aids were utilized.

At age 18 months, G-banding karyotyping indicated the
chromosomal formula 46,XX. At that same age, a sim-
ple brain MRI scan showed — colpocephaly- a mild
dilation of the posterior portion of the lateral ventricles.
At 3years of age, in a renal and urinary tract
ultrasound, the left kidney (7.9 x 2.4 x 2.8 cm) was
larger than the right kidney (5.7 x 2.2 x 2.3 ¢cm), both
without alterations in sonographic morphology. Four

Fig. 2 Photograph of the left optic disc. Forme fruste dysplastic
optic disc with inferior coloboma
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months later, videofluoroscopy showed a decrease in
the oesophageal lumen at the T1 level.
Electroencephalography showed moderate diffuse
cortical dysfunction without epileptogenic
characteristics. Using electromyography, severe axonal
injury of the left facial nerve was observed.

At 5years, the patient was diagnosed with
hypothyroidism, and treatment with levothyroxine was
started, with an adequate therapeutic response.

Based on the history of the patient, the findings in the
physical examination and the observed congenital anom-
alies, it was concluded that the origin was most likely
genetic, and aCGH was requested. The result was a
22q11.23 duplication of 1.306 Mb (chr22: 23654163-24,
959,827).

The grandmother, who was the legal guardian of the
patient, signed an informed consent form allowing the
child to be photographed and the use of medical history
data.

Discussion and conclusions

The first case of Dup22q11.2 syndrome was reported in
1999 by Edelmann et al., who described a patient youn-
ger than 4 years old with a duplication of 3.0 Mb. The
main phenotypic characteristics described were delayed
motor development, marked hypotonia, significant delay
in language skills and mild facial dysmorphic features
[6]. In 2003, Ensenauer et al. reported 13 new cases,
most of them with duplications of 3.0 Mb, but broad
phenotypic differences were found among the cases [7].

Dup22q11.2 syndrome is infrequent, and its prevalence
has not been established. However, in recent years, with
the increasing use of comparative genomic hybridization
in patients with congenital anomalies, intellectual dis-
abilities and autism, the diagnosis of this syndrome has
increased; thus far, approximately 100 cases have been
reported [8].

The chromosome region implicated in Dup22ql1.2
syndrome is the same as that involved in DiGeorge syn-
drome or 22q11.2 deletion syndrome. The prevalence of
the latter is 4:10,000 live births, and given that the gen-
etic mechanism that causes the syndrome is also respon-
sible for the duplication, it would be expected that this
would occur in a similar proportion; however, that is not
observed. This is because the deletion, whose penetrance
is 100%, leads to the expression of a characteristic
phenotype widely known that, although variable from
mild to severe, leads to clinical suspicion and diagnostic
testing, while in duplication, in addition to variable ex-
pression with a not yet clearly defined phenotype, in-
complete penetrance is presented, which explains its
under diagnosis [1, 9].
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Dup22ql11.2 syndrome is a product of chromosomal
rearrangement that can also cause the deletion of that
same locus because this region contains low copy re-
peats (LCRs) that are susceptible to non-allelic homolo-
gous recombination. Specifically, this locus has 8 LCRs,
A through H, and depending on which of these have
been deleted or duplicated, can be either a proximal
-LCRs close to the centromere: A to D or distal -LCRs
close to the telomere: E to H- deletion or duplication.
The most common 22q11.2 duplications are those of
3.0 Mb, which involve the LCRs from A to D, and those
of 1.5 Mb, which encompass LCRs from A to B [1, 10].
For the reported patient, her distal duplication is atypical
because it implies duplication of 1.306 Mb with F-H
LCRs.

In Dup22ql1.2 syndrome, a variable phenotype has
been described; even in members of a family with the
same duplication, different phenotypes have been re-
ported. The main non-ocular phenotypic characteristics
of Dup22q11.2 syndrome include cognitive deficit, psy-
chomotor development delay, decreased hearing, mild
micro-retrognathia, cleft palate, elongated face, urogeni-
tal tract malformations, and congenital heart defects.
Other less common phenotypic characteristics are
hyperactivity, macro-microcephaly, seizures and skeletal
defects [9, 11]. The patient reported here presented cog-
nitive deficit, psychomotor development delay, hyper-
activity, decreased hearing, patent foramen ovale, and
persistent left superior vena cava. Additionally, she has
alterations not previously described, such as left facial
paralysis, dysplastic ears, and post-axial polydactyly. The
characteristics found in the patient reported here show
that the phenotype of Dup22q11.2 syndrome is not only
variable but has not yet been described in its entirety.

In addition to the characteristics mentioned above,
ocular involvement in Dup22ql1.2 has been reported;
the most frequently described findings are hypertelor-
ism, down-slanting palpebral fissures, and sparse and
thin eyebrows. Less frequently, palpebral ptosis, epi-
canthal fold, astigmatism, strabismus, hyperopia, myopia,
nystagmus, chorioretinal coloboma, retinal vascular tor-
tuosity, and primary congenital glaucoma have been de-
scribed [2]. In the patient reported here, left-side
enlarged palpebral fissure and lagophthalmos without
keratopathy , most likely secondary to upper eyelid re-
traction, were found. Ophthalmology revealed a colo-
boma of the right optic nerve and dysplasia of the left
optic nerve; these findings have not been described in
the phenotype of Dup22q11.2 syndrome.

Cat eye syndrome (CES) is found in the differential
diagnosis of Dup22ql1.2 syndrome. Coloboma of the
iris, retina and choroids, preauricular pits and append-
ages and anal atresia have been reported in those af-
fected by CES; however, these characteristics are not
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consistently found in patients with CES. Common find-
ings include intellectual disability, down-slanting palpe-
bral fissures, cleft palate, congenital heart defects, renal
and urinary tract abnormalities, and bone defects. The
patient described here presented several of the pheno-
typic features of CES [12].

CES is caused in most cases by the presence of a bisa-
tellite supernumerary marker chromosome, formed by
two copies of the proximal part of chromosome 22,
which includes satellites, the entire short arm, the
centromere and part of the long arm corresponding to
the 22ql1 region. This additional chromosome, which
occurs in mosaics in one-third of cases, usually has two
centromeres and is the product of an inverted duplica-
tion 22qll, resulting in partial tetrasomy of this seg-
ment, whose distal limit is superimposed on the
common distal deletion breakpoint of the 3 Mb deletion
seen in 22q11.2 deletion syndrome [13, 14]. The patient
reported here presented coloboma of the optic nerve,
not of the retina, nor of the iris, and did not have other
frequent characteristics of CES, such as anal atresia or
preauricular abnormalities. In addition, the 22q11.23 du-
plication found in the patient was not included in the re-
gion involved in CES. Therefore, the patient did not
meet the criteria for a CES diagnosis.

To understand the molecular pathways involved in
optic nerve coloboma is necessary to review the embryo-
logic development of the eye. The formation of the eye
begins early in embryonic development, day 22, by inter-
actions between the neuroectoderm, the superficial ecto-
derm and the mesenchyme, and the ocular fields are
formed [15]. These appear in the neural plate and are
determined by PAX-6, which in turn is regulated by
SHH expression in the precordal plate [16]. On day 24
after the evagination of the prosencephalon, the optic
vesicles appear. On day 28, the optic vesicles express
bone morphogenetic protein 4 and 7 (BMP4 and BMP?7)
and induce thickening of the superficial ectoderm to
form the lens placode. The placode expresses SIX-3,
which activates the expression of SOX-2 and PAX-6
[16]. These last two proteins activate the expression of
genes necessary for invagination of the placode and the
formation of the crystalline lens. On day 32, the placode
of the lens and the distal surface of the optic vesicle are
invaginated, the lens vesicle is formed by the invagin-
ation of the first, and by the invagination of the second,
the optic cup is formed, from which the retina and the
epithelia of the ciliary body and iris will develop. The
optic cup remains attached to the diencephalon by the
optic stem. On the ventral surface of the optic cup and
the optic stem, a groove develops that corresponds to
the choroid fissure; through this fissure, the hyaloid ar-
tery and vein traverse to the lens and nourish the inner
layer of the optic cup. PAX-2 is expressed in cells of the
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optic stem, while PAX-6 is expressed in the optic cup;
these transcription factors are involved in the orientation
of the axons of the glandular cells of the retina so that
they are introduced in the optic stem and form the optic
nerve. In week 5, the margins of the choroid fissure
move the periocular mesenchyme and approach along
the length of the stem and optic cup. The intercalation
of positive SOX2/PAX2/Vimentin astrocytes in the de-
veloping fissure and optic nerve contribute to closure of
the optic nerve [17]. By week 7, it is completely closed.
If this process is not performed correctly, a coloboma is
produced [18].

Although some environmental factors that could be
associated with the development of colobomas have
been described, it is believed that most have genetic
causes [19]. At least 39 genes linked to the development
of colobomas have been identified; in all of them, mono-
genic mutations have been reported as the cause of the
disease [20]. Among these 39 genes, mutations in eight
of them can produce optic nerve colobomas: PAX6,
PAX2, RAX, GDF6, SEMA3E, IGBP1, BMP7 and
PDE6D. None of these genes are mapped to the
22q11.23 region.

The noteworthy phenotypic characteristics of the pa-
tient with Dup22q11.23 are developmental delay, facial
dimorphism and coloboma and optic nerve dysplasia. To
determine which genes in the duplication could poten-
tially explain these alterations, a bioinformatic analysis
of the altered chromosomal region was performed.

In the 22q11.23 region, 66 genes are mapped between
nucleotides 23.654.163-24.959.827, and 22 of these
genes are annotated in the Gene Ontology gene function
database [21] with diverse functions such as melanin
synthesis, calcium signalling, glutathione metabolism
and immune response, among others (Fig. 3). Five of the
genes in the chromosomal region studied are registered
and related to pathologies in the OMIM database [22]
(Table 1).

According to disease phenotypes registered in the
OMIM database, two genes with high potential of being
related to the Dup22q11.23 phenotype were prioritized:

Page 5 of 7

SWI/SNF related, matrix associated, actin dependent
regulator of chromatin, subfamily b, member 1 (SMAR
CB1) and sperm antigen with calponin homology and
coiled-coil domains 1-like (SPECCI1L).

The SMARCBI protein is part of one of several sub-
units of the SWI/SNF complex that functions as a chro-
matin remodelling factor [23]. Mutations in this gene
produce Coffin-Siris syndrome 3 (CSS3), which presents
with developmental delay, coarse facial features, feeding
difficulties and the absence of phalanges or hypoplastic
fingernails of the fifth finger of the hand [24]. CSS3 has
an autosomal dominant inheritance pattern, and because
all mutations reported as causative of CSS3 are missense,
it has been proposed that the disease is caused by a
dominant negative effect or by gain-of-function effects
[23]. The case reported, in addition to developmental
delay, presented with post-axial polydactyly; it is tempt-
ing to speculate that the presence of three copies of the
SMARCBI gene will increase its transcription and there-
fore the availability of the protein in the cells to exert ef-
fects contrary to the heterozygous mutation of the gene.

Optic nerve coloboma, another of the prominent char-
acteristics of the phenotype secondary to 22q11.23 du-
plication in the patient reported here, could be related
to an increase in the gene dose of SPECCIL. This gene
codes for the protein cytospin-A, which stabilizes micro-
tubules. This protein is necessary for the migration of
neural crest cells to form the forehead, the nasal bridge
and the lower jaw. Mutations in the SPECCIL gene pro-
duce oblique facial clefting [25], and Opitz GBBB syn-
drome type II (GBBB2). Both diseases are autosomal
dominant and are characterized by facial dimorphism
with hypertelorism and facial clefts. Both syndromes, are
described as including colobomas [25, 26].

For the development of the optic nerve and cup, con-
centration gradients of transcription factors (TFs), such
as PAX2, PAX6, VAX1, VAX2, TBX2, TBX3, TBX5,
VSX2 and MITF [20], are necessary. When looking for
TF potentials in the promoter region of the gene SPEC
C1L by means of the TF2DNA tool [27], it was found
that the gene promoter can be activated by PAX2 and
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Table 1 Genes that map to 22¢g11.23 and that are annotated in the OMIM database. Mutations in five genes in the 22q11.23 region

have been reported as causal of Mendelian diseases

Gene Disease in the OMIM database

CHCHD10 615911 ~ Frontotemporal dementia and/or amyotrophic lateral sclerosis 2
CHCHD10 615,048 ~ Spinal muscular atrophy, Jokela type

CHCHD10 616,209 ~ Myopathy, isolated mitochondrial, autosomal dominant

MIF 604,302 ~ Rheumatoid arthritis, systemic juvenile, susceptibility to
SMARCBI1 609,322 ~ Rhabdoid predisposition syndrome 1

SMARCB1 162,091 ~ Schwannomatosis-1, susceptibility to

SMARCB1 614,608 ~ COFFIN-SIRIS SYNDROME 3, Mental retardation, autosomal dominant 15
SMARCB1 609,322 ~ Rhabdoid tumours, somatic

SPECCIL 600,251 ~ Facial clefting, oblique, 1

SPECCIL 145,410 ~ Opitz GBBB syndrome, type Il

UPB1 613,161 ~ Beta-ureidopropionase deficiency

PAX6. These two TFs are fundamental in the develop-
ment of the eye [20], and mutations in them have been
related to the presence of coloboma [28—31]. Due to the
duplication of 22q11.23, the patient has three copies of
the SPECCIL gene, and this increase in gene dosage
could secondarily generate an increase in the expression
level of this gene, altering the signalling pathways of
PAX2 and PAX6 with the subsequent appearance of al-
terations in the optic nerve.

Although the exact causes of the patient findings can-
not be determined by our analyses, they do allow us to
propose that the increase in the number of copies of
some genes from the 22q11.23 region could be directly
related to the development of the abnormal phenotype.
Specifically, we postulate alterations in SPECCI1L with
optic nerve coloboma as a potential transcriptional tar-
get of PAX2 and PAX6. Additional research is necessary
to identify the exact mechanisms related to the abnor-
mal phenotype caused by the duplication.

In conclusion, based in this case report, the ophthal-
mologic phenotype of 22q11.23 duplication syndrome
should be expanded to additional ocular alterations as
coloboma and dysplasia in the optic nerve. By the ana-
lysis of the genes in the duplicated region in patients
with the syndrome, it is plausible that the triple genetic
doses of SPECCIL gene could be involved in the devel-
opment of ocular alterations by the deregulation of the
PAX2 and PAX6 signalling pathways. Further research is
necessary to confirm the previous hypothesis.

Abbreviations

aCGH: Array comparative genomic hybridization; BMP4: Bone morphogenetic
protein 4; BMP7: Bone morphogenetic protein 7; CES: Cat eye syndrome;
(CSS3: Coffin-Siris syndrome 3; Dup22q11.2: 22q11.2 duplication syndrome;
GBBB2: Opitz GBBB syndrome, type II; LCRs: Low copy repeats; Mb: Million
base pairs; MRI Scan: Magnetic Resonance Imaging; OMIM: Online Mendelian
Inheritance in Man; SD: Standard deviations; SMARCB1: SWI/SNF related,
matrix associated, actin dependent regulator of chromatin, subfamily b,

member 1; SPECCIL: Sperm antigen with calponin homology and coiled-coil
domains 1-like; TFs: Transcription factors

Acknowledgements
None.

Authors’ contributions

CVP and WS conducted a clinical examination of the patient. CP-G per-
formed the bioinformatics analysis. CVP, WS, PJS and CP-G drafted the manu-
script. All authors read and approved the final manuscript.

Funding
This study did not require any grant from public, commercial or not-for-
profit funding agency.

Availability of data and materials
All data supporting the discussion and conclusion of this article are
presented in the manuscript.

Ethics approval and consent to participate

Written informed consent to participate was obtained from the patient’s
grandmother. She is the legal tutor of the patient and she authorized the
participation of the patient in this case report.

Consent for publication

Written informed consent for publication was obtained from the patient’s
grandmother to publish and report individual patient data. She is the legal
tutor of the patient and she authorized the publication and reporting the
individual patient data. The local ethics committee approval in this case
report and they are aware the grand mother is the legal tutor of the patient.

Competing interests
The authors declare that they have no competing interest.

Author details

'Department of Ophthalmology, Faculty of Health, Universidad del Valle, Cali,
Colombia. *Medical and surgery student, Universidad del Valle, Cali,
Colombia. *Departments of Morphology and Gynaecology and Obstetrics,
Universidad del Valle, Cali, Colombia. “Obstetrician Gynaecologist at Hospital
Universitario del Valle, Cali, Colombia. °Department of Biology, Faculty of
Natural Sciences, Universidad del Rosario, Bogotd, Colombia.

Received: 24 February 2020 Accepted: 6 August 2020
Published online: 17 August 2020

References

1. Chang J, Chen C, Peng Y, Xia Y, Tang G, Bai T, et al. Pachygyria, seizures,
hypotonia, and growth retardation in a patient with an atypical 1.33Mb
inherited microduplication at 22q11.23. Gene. 2015;569(1):46-50.



Valencia-Pefia et al. BMC Ophthalmology

20.

21.

22.

23.

24.

(2020) 20:333

Cordovez JA, Capasso J, Lingao MD, Sadagopan KA, Spaeth GL, Wasserman
BN, et al. Ocular manifestations of 22q11.2 microduplication.
Ophthalmology. 2014;121(1):392-8.

Saldarriaga-Gil W. De la observacién microscépica de los cromosomas en el
cariotipo a los array-CGH en el diagndstico prenatal. Rev Colomb Obstet
Ginecol. 2013,64(3):327-32.

Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, Carter NP, et al.
Consensus statement: chromosomal microarray is a first-tier clinical
diagnostic test for individuals with developmental disabilities or congenital
anomalies. Am J Hum Genet. 2010;86(5):749-64.

Regier DA, Friedman JM, Marra CA. Value for money? Array genomic
hybridization for diagnostic testing for genetic causes of intellectual
disability. Am J Hum Genet. 2010;86(5):765-72.

Edelmann L, Pandita RK, Spiteri E, Funke B, Goldberg R, Palanisamy N, et al.
A common molecular basis for rearrangement disorders on chromosome
22g11. Hum Mol Genet. 1999,8(7):1157-67.

Ensenauer RE, Adeyinka A, Flynn HC, Michels W, Lindor NM, Dawson DB,
et al. Microduplication 22q11.2, an emerging syndrome: clinical, cytogenetic,
and molecular analysis of thirteen patients. Am J Hum Genet. 2003;73(5):
1027-40.

Kylat R. 22q11.2 microduplication: an enigmatic genetic disorder. J Pediatr
Genet. 2018;07(03):138-42.

Pinchefsky E, Laneuville L, Srour M. Distal 22q11.2 microduplication: case
report and review of the literature. Child Neurol Open. 2017;4:2329048-
X17737651.

Portnoi MF. Microduplication 22q11.2: a new chromosomal syndrome. Eur J
Med Genet. 2009;52:88-93.

Ou Z, Berg JS, Yonath H, Enciso VB, Miller DT, Picker J, et al.
Microduplications of 22q11.2 are frequently inherited and are associated
with variable phenotypes. Genet Med. 2008;10(4):267-77.

Melo C, Gama-de-Sousa S, Almeida F, Rendeiro P, Tavares P, Cardoso H,

et al. Cat eye syndrome and growth hormone deficiency with pituitary
anomalies: a case report and review of the literature. Gene. 2013;529(1):186—
9.

McTaggart KE, Budarf ML, Driscoll DA, Emanuel BS, Ferreira P, McDermid HE.
Cat eye syndrome chromosome breakpoint clustering: identification of two
intervals also associated with 22q11 deletion syndrome breakpoints.
Cytogenet Cell Genet. 1998;81(3-4):222-8.

Bartsch O, Rasi S, Hoffmann K, Blin N. FISH of supernumerary marker
chromosomes (SMCs) identifies six diagnostically relevant intervals on
chromosome 22q and a novel type of bisatellited SMC (22). Eur J Hum
Genet. 2005;13(5):592-8.

Ozanics V, Jacobiec FA. Prenatal development of the eye and its adnexa. In:
Jacobiec FA, editor. Ocular anatomy, embryology and teratology.
Philadelphia: Harper and Row; 1982. p. 11-96.

Fuhrmann S. Eye morphogenesis and patterning of the optic vesicle. Curr
Topics Dev Biol. 2010,93:61-84.

Bernstein CS, Anderson MT, Gohel C, Slater K, Gross JM, Agarwala S. The
cellular bases of choroid fissure formation and closure. Dev Biol. 2018,440(2):
137-51.

ALSomiry AS, Gregory-Evans CY, Gregory-Evans K. An update on the
genetics of ocular coloboma. Hum Genet. 2019;138:865.

Morrison D, FitzPatrick D, Hanson |, Williamson K, Van Heyningen V, Fleck B,
et al. National study of microphthalmia, anophthalmia, and coloboma
(MAC) in Scotland: investigation of genetic aetiology. J Med Genet. 2002;
39(1):16-22.

Patel A, Sowden JC. Genes and pathways in optic fissure closure. Seminars
Cell Dev Biol. 2019,91:55-65.

Carbon S, Douglass E, Dunn N, Good B, Harris NL, Lewis SE, et al. The gene
ontology resource: 20 years and still GOing strong. Nucleic Acids Res. 2019;
47(D1):D330-8.

Amberger JS, Bocchini CA, Schiettecatte F, Scott AF, Hamosh A. OMIM.org:
online Mendelian inheritance in man (OMIM®), an online catalog of human
genes and genetic disorders. Nucleic Acids Res. 2015;43:D789-98.

Kosho T, Okamoto N, Imai Y, Ohashi H, van Eerde AM, Chrzanowska K, et al.
Genotype-phenotype correlation of coffin-siris syndrome caused by
mutations in SMARCB1, SMARCA4, SMARCET, and ARIDTA. Am J Med Genet
Part C Semin Med Genet. 2014;166(3):262-75.

Tsurusaki Y, Okamoto N, Ohashi H, Kosho T, Imai Y, Hibi-Ko Y, et al.
Mutations affecting components of the SWI/SNF complex cause coffin-Siris
syndrome. Nat Genet. 2012;44(4):376-8.

25.

26.

27.

28.

29.

30.

31

Page 7 of 7

Halal F, Farsky K. Brief clinical report: Coloboma-hypospadias. Am J Med
Genet. 1981;8(1):53-7.

Dasouki M, Barr M, Erickson RP, Cox B. Translocation (1;22) in a child with
bilateral oblique facial clefts. J Med Genet. 1988;25(6):427-9.

Pujato M, Kieken F, Skiles AA, Tapinos N, Fiser A. Prediction of DNA binding
motifs from 3D models of transcription factors; identifying TLX3 regulated
genes. Nucleic Acids Res. 2014,42(22):13500-12.

Deml B, Reis LM, Lemyre E, Clark RD, Kariminejad A, Semina EV. Novel
mutations in PAX6, OTX2 and NDP in anophthalmia, microphthalmia and
coloboma. Eur J Hum Genet. 2016;24(4):535-41.

Williamson KA, FitzPatrick DR. The genetic architecture of microphthalmia,
anophthalmia and coloboma. Eur J Med Genet. 2014;57(8):369-80.
Okumura T, Furuichi K, Higashide T, Sakurai M, Hashimoto S, Shinozaki Y,
et al. Association of PAX2 and other gene mutations with the clinical
manifestations of renal coloboma syndrome. PLoS One. 2015;10(11):
e0142843.

Deng H, Zhang Y, Xiao H, Yao Y, Liu X, Su B, et al. Diverse phenotypes in
children with PAX2-related disorder. Mol Genet Genomic Med. 2019;7(6):
e701.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

