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Abstract
Background The 2q31 deletion results in a distinct phenotype characterized by varying degrees of developmental 
delay, short stature, facial dysmorphism, and variable limb defects. Dysmorphic features include microcephaly, 
downslanting palpebral fissures, a long and flat philtrum, micrognathia, and dysplastic, low-set ears. To date, 
comparative genomic hybridization has identified this deletion in 38 patients. Consequently, additional patients with 
comprehensive clinical data are required to fully understand the spectrum of clinical manifestation associated with a 
deletion in the 2q31 cytoband.

Case presentation We present the case of an 8-year-old female patient with clinical features of velocardiofacial 
syndrome, which include facial dysmorphism, congenital heart disease (persistent truncus arteriosus and ostium 
secundum-type atrial septal defect), and a seizure syndrome. Array comparative genomic hybridization revealed 
a non-continous deletion spanning cytobands 2q31.1-to 2q31.3, confirming a diagnosis of 2q31 microdeletion 
syndrome. The patient has undergone supportive therapies for swallowing and speech. Additionally, we provide a 
review of the literature on previous cases to give context.

Conclusion In this report, we present the first documented case of a complex, discontinuous deletion spanning 
in the 2q31-2q32 regions. This case contributes to our understanding of the phenotypic and mutational spectrum 
observed in individuals with deletions in these cytobands. It underscores the significance of employing high-
resolution techniques and comprenhensive analysis in diagnosing patients with complex phenotypes. Such 
approaches are crucial for differentiating this condition from more common microdeletion syndromes, such as the 
22q11 deletion syndrome.
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Introduction
2q31 microdeletion syndrome, not described in the 
Online Mendelian Inheritance in Man (OMIM) data-
base except for the 2q31.2 deletion syndrome (OMIM 
#612,345), presents with a distinctive clinical phenotype. 
This syndrome phenotype is characterized by varying 
degrees of development delay, short stature, facial dys-
morphism, and variable limb defects [1]. The dysmorphic 
features typically include microcephaly, downslanting 
palpebral fissures, a long and flat philtrum, microgna-
thia, and dysplastic low set-ears. Extremity abnormali-
ties include ectrodactyly, brachydactyly, syndactyly, and 
camptodactyly [2, 3]. 

To date, 38 cases have been analyzed using comparative 
genomic hybridization (CGH) microarray [2, 4]. These 
deletions typically span the cytobands 2q31 and 2q32, 
with some extending into the 2q33 region. Establishing a 
genotype-phenotype correlation has proven challenging, 
as patients with similar deletions often exhibit different 
phenotypes [2, 4]. . Prior studies have identified candi-
date genes responsible for certain characteristic features 
of this syndrome, such as the ZNF385B and the HOXD 
gene cluster [5–7]. However, to better characterize the 
full clinical spectrum of 2q31 microdeletion syndrome, 
there is a need for more cases and comprehensive clini-
cal data. This data can help explore the potential geno-
type-phenotype correlations, understand the impact of 
deletion size on disease severity, and identify new criti-
cal genes or regions associated with the observed clinical 
manifestations. In this context, we present the first case 
of a Colombian patient exhibiting the phenotype of velo-
cardiofacial syndrome, with a non-continuous heterozy-
gous deletion on chromosome 2 that includes the 2q31 
and 2q32 cytobands. This case not only enhances our 
understanding of this exceptionally rare syndrome but 
also underscores the importance of high-resolution tech-
niques, such as CGH microarray, in accurate diagnosis of 
patients with complex phenotypes.

Case presentation
The proband is an 8-year-old female patient with an 
unknown family history who experienced intrauter-
ine growth restriction. She was born prematurely at 28 
weeks, with a birth weight of 1700 g (99.6th percentile). 
At six months after birth, she presented with hypothy-
roidism and received appropriate pharmaceutical treat-
ment. At seven months of age, she developed status 
epilepticus, requiring eight days of intensive care; she was 
also diagnosed with congenital heart disease, character-
ized by persistent truncus arteriosus (type II) and inter-
atrial communication (ostium secundum type). Surgical 
correction of the cardiac abnormalities was performed at 
nine months of age.

At 4 years old, she underwent her initial evaluation by 
clinical genetics, presenting with a height, weight, and 
head circumference of 87  cm (-3.79 SD), 8.65  kg (− 4.5 
SD), and 43.5  cm (-4.1 SD), respectively. The physical 
examination revealed profound developmental delay, 
absence of speech, thick and coarse hair, a triangular 
forehead hair pattern, thick eyebrows, synophrys, micro-
cephaly, facial asymmetry, a thin nasal bridge, a bifid 
nasal tip, dysmorphic ears, strabismus, low set and pos-
teriorly rotated ears with prominent antihelix, micro-
gnathia, and a right equinovarus deformity that was 
correctable both actively and passively. Additional find-
ings included bilateral dimples on the elbows and knees, 
sacral dimples, a unique right palmar crease, bilateral 
camptodactyly, brachydactyly of the third and fourth 
finger on the right hand and the fourth finger of the left 
hand, hypotonia, pectus excavatum, well-defined muscu-
lature, aggression and disorganized movements (Fig. 1).

Complementary studies indicated acetabular dysplasia, 
and lumbosacral ultrasound revealed cutaneous anoma-
lies without evidence of spinal dysraphism. Post-Rastelli 
procedure ecography demonstrated normal biventricular 
function, a bilateral pulmonary lesion characterized by 
mild pulmonary stenosis, and mild aortic regurgitation 
without hemodynamic consequences. The patient has 
received only supportive therapy for oropharyngeal dys-
phagia and speech disturbances. Currently, the patient’s 
speech is characterized by babbling and the utterance of 
syllabes, associated with a significant masticatory deficit 
and residual material in the pharyngeal recesses, specifi-
cally the valleculae and pyriform sinuses. These deficits, 
which as identified were in a videofluoroscopic swal-
lowing study, have led to multiple pulmonary infections 
from bronchoaspiration. Additionally, the patient exhib-
its severe global developmental delay and is experiencing 
acute, mild-to-moderate malnutrition.

Furthermore, she has been diagnosed with obstruc-
tive sleep apnea and hypopnea syndromes, which are 
being managed with continuous positive airway pres-
sure (CPAP) therapy. Magnetic resonance imaging (MRI) 
revealed dysgenesis of the corpus callosum, encephalo-
malacia in the right frontal lobe, retraction of the frontal 
pole of the lateral ventricle, and periventricular hyper-
intensities. Karyotyping showed a normal female karyo-
type (46, XX). Fluorescence in situ hybridization (FISH) 
analyses for subtelomeric rearrangements and deletions 
in 22q11, conducted to rule out a microdeletion syn-
drome, yielded negative results. Our study utilized the 
high-resolution oligonucleotide-based 2 × 400 array-
CGH technique on the Agilent platform. Following the 
experimental procedure, we generated a Cyto Report file 
and used Agilent Cytogenomics software version 3.0.6.6 
for data analysis. During this analysis, we consulted 
various genetic databases, including the Database of 
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Genomic Variants (DGVs), the UCSC Genome browser 
for the human February 2009 release (GRCh 37/hg19 
Assembly), and the Database of Chromosomal Imbalance 
and Phenotype in Humans Using Ensemble Resources 
(DECIPHER).

The SurePrint G3 Human CNV 2 × 400 K Oligo Micro-
array kit, which provides comprehensive coverage of 
known CNVs, was utilized in this study. We followed a 
modified version of Agilent’s procedures. In summary, 
genomic DNA was extracted, amplified, and purified 
using the QIAprep Miniprep Kit from QIAGEN, accord-
ing to the instructions provided by the manufacturer. 
The concentration of the DNA was determined using a 
Nano-Drop Spectrophotometer. Cy3-dUTP was used to 
label the test DNA, while Cy5-dUTP was used to label 
sex-matched human genomic DNA as the reference. 
The labeled test and reference DNA samples were then 
combined, purified, and applied to the microarray chips. 
The hybridization process was perform according to the 
manufacturer’s instructions. Microarray images were 
captured using the Agilent G2505C scanner (HD) and 
analyzed with the Feature Extraction Software v3.0.5.1 
from Agilent Technologies, based in Santa Clara, CA, 
USA. The analysis utilized specific parameters, which 
included settings the genome version to hg18, apply-
ing aberration filters with a minimum of three probes, 
requiring a minimum average absolute log ratio of 0.25 
for DNA copy number changes, allowing for a maximum 

of 100,000 aberrations, and a penetrance threshold set at 
0%.

Our array comparative genomic hybridization (aCGH) 
microarray analysis identified two deletions in chro-
mosome 2. The first deletion, located in the cytobands 
2q31.1-q31.3, spans an approximately 7.89  Mb region 
from 174,230,303 to 182,123,207 and affects roughly 
48 genes. The second deletion, in the 2q32.1 cytoband, 
encompasses an area of about 5.23 Mb from 183,291,363 
to 188,498,365 and includes 13 deleted (see Fig. 1).

Discussion
The 2q31.1 microdeletion syndrome, characterized 
by a wide spectrum of signs and symptoms, is well-
documented in the literature. This syndrome is linked 
to haploinsufficiency of specific genes, which signifi-
cantly contributes to the variety of clinical presentations 
observed. An in-depth review of cases reported from 
2006 to 2022 identified a total of 39 patients, including 
the proband in this study, with deletions in the genomic 
region extending from 2q31.1 to 2q33. The deletions 
were confirmed using high-resolution aCGH, a tech-
nique known for its enhanced resolution and accuracy in 
detecting genomic anomalies [1, 2, 4–14]. 

In the cases reported, 64% of the patients (16 out of 25 
cases with reported gender) were female. The median 
age at diagnosis was 5.25 years, with an interquartile 
range (IQR) of 2 to 13.8 years. Approximately half of the 

Fig. 1 A representation of the aCGH results, which include the first deleted region of approximately 7.89 Mb of DNA localized on 2q31.1-q31.2, and the 
second deleted region of approximately 5.23 Mb on the cytoband 2q32.1
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patients (51%, 19 out of 37 cases) were identified as hav-
ing cognitive impairment of varying degrees, with 35% 
of these cases classified as severe. Seizures were noted in 
35.3% of the patients (12 out of 34), and 42.3% exhibited 
absent or abnormal speech (15 out of 35). Developmen-
tal or growth delays were prevalent in 73% of cases (27 
out of 30), and an abnormal head shape, most commonly 
microcephaly, was observed in 64% (23 out of 36). Heart 
abnormalities were present in 41.2% (7 out of 17), and eye 
abnormalities in 66.7% (24 out of 36). The eye conditions 
varied included astigmatism, deep-set eyes, downslanting 
palpebral fissures, strabismus, coloboma, and lacrimal 
duct abnormalities. Furthermore, all patients exhibited 
at least one dysmorphic facial feature, which included a 
high or prominent forehead, ear anomalies (most often 
low-set ears), micrognathia, various nasal and dental 
anomalies (such as crowded, broad, and small teeth), and 
different palate abnormalities, including cleft palate, ogi-
val palate, high, or narrow palates.

In summary, patients with the 2q31.1 microdele-
tion syndrome, as documented in the literature, exhibit 
a broad spectrum of clinical manifestation. These are 
closely linked to gene haploinsufficiency. The use of 
high-resolution aCGH has been instrumental in iden-
tifying and characterizing deletions within the 2q31.1-
2q33 region. This advanced technique enables a detailed 
analysis of the clinical presentations and the underlying 
genetic factors contributing to the syndrome.

The median size of deletions in reported cases of 2q31.1 
microdeletion syndrome was found to be 5.25 Mb, with 
an interquartile range (IQR) extending from 2.6  Mb to 
11.6 Mb (Fig. 1). Commonly affected genes within these 
deletions include the HOXD and ZNF clusters, as well as 
the GLS, FRZB, and SATB2 genes (Table 1). In this study, 
we report a case involving an infant with a deletion span-
ning the 2q31-2q32 cytobands, which is larger than the 
median size at 13.12  Mb. The patient exhibited a range 
of symptoms, including developmental delay, behavioral 
and speech issues, seizures, growth retardation, and mild 
facial dysmorphism (Table 1).

Comparison of our patient’s clinical findings with those 
in the literature (see references above, Table  1) shows 
concordance with the characteristics of 2q31.1 microde-
letion syndrome. The deletion identified in our patient 
spans a genomic segment common to multiple cases pre-
viously reported (Fig.  2), including genes such as FRZB 
and the HOXD cluster. The HOXD genes are essential for 
embryonic development, especially in cell-to-cell com-
munication, and are implicated in the early development 
of mammalian limbs [7, 15]. In our case, 61 genes have 
been compromised within the microdeletion (Fig.  1), 
including a series of HOXD genes: HOXD13, HOXD11, 
HXOD10, HOXD9, HXOD8, HOXD4, HOXD3, and 
HOXD1. The absence of the HOXD cluster, documented 

in 15 out of 38 cases from the literature ( or 16 out of 39 
when our proband), has been consistently associated with 
limb anomalies (Table 1; Fig. 1). Thus, the camptodactyly 
and brachydactyly seen in our patient are likely due to the 
loss of these homeotic genes, as similar symptoms have 
been observed in other instances of the syndrome with 
an absent HOXD cluster [2, 4].

The long arm of chromosome 2 has been identified 
as a potential candidate region associated with autism, 
primarily due to the presence of critical genes involved 
in development. Patients with deletions in this region 
may present with a range of manifestations, including 
speech impairment and behavioral disturbances [14, 16]. 
Individuals diagnosed with the 2q31 microdeletion syn-
drome, such as the case described here, often exhibit 
behavioral disturbances that may include symptoms of 
aggression, anxiety, mood instability, hyperactivity, and 
chaotic movements. Among the genes deleted in our 
patient, PRKRA is of particular interest due to its role in 
cellular stress response and synaptic plasticity, which are 
crucial for learning and memory processes [17]. Nota-
bly, though disturbances in this gene were observed, the 
absence of PRKRA alterations in some patients present-
ing behavioral anomalies precludes drawing definitive 
conclusions about its involvement. Moreover, additional 
genes implicated in the behavioral, speech, and neuro-
logical manifestations of the 2q31 deletion syndrome 
include ZNF804A and ZNF385B, which encode zinc-
finger proteins linked to mental and neurological abnor-
malities associated with the syndrome [5, 14] (see Fig. 2).

However, our findings indicate that while numerous 
patients with severe cognitive impairment or behav-
ioral disturbances, including our patient, have deletions 
that encompass these genes, there are other with similar 
manifestations who do not show recognizable genetic 
alterations in these areas. This variation suggests that 
additional elements, possibly regulatory sequences adja-
cent to these genes or at other loci, might influence the 
neurological phenotype seen in patients with 2q31-2q33 
microdeletions. In the case reported here, MRI disclosed 
dysgenesis of the corpus callosum, encephalomalacia in 
the right frontal lobe, retraction of the frontal pole of the 
lateral ventricle, and periventricular hyperintensities, 
which further elucidate the structural brain anomalies 
linked with the 2q31.1 microdeletion syndrome.

Furthermore, the presence of the TTN gene within 
the deleted region is intriguing, as it is not currently 
linked with any clinical outcomes in this syndrome. 
However, autosomal dominant cardiomyopathy due to 
haploinsufficiency of TTN has been documented [18]. 
Consequently, the contribution of the TTN gene to the 
clinical phenotype in our patient remains unclear. Of 
11 cases with deletions involving the TTN gene, seven 
have incomplete information regarding heart defects-it 
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is unknown whether these patients were asymptom-
atic or if cardiac evaluation were not conducted. Two of 
the patients showed no cardiac abnormalities, while the 
remaining two presented with mild hypertension, bicus-
pid valves, and atrial and ventricular septal defects. Nota-
bly, heart defects were observed in five patients without 
TTN gene alterations. These findings imply that other 
genes may also contribute to the cardiovascular manifes-
tations observed in these patients.

In cases where patients exhibit the velocardiofacial 
phenotype without confirmed diagnosis of 22q11 micro-
deletion syndrome-one of the most prevalent chro-
mosomal deletions associated with congenital heart 
diseases in humans [19]-a presumptive diagnosis of 
22q11 microdeletion syndrome is typically considered. 
For our patient, f FISH analysis was performed to detect 
alterations in the 22q11 cytoband, which yielded negative 
results. Consequently, high-resolution aCGH analysis 
was undertaken, revealing a discontinuous deletion in the 
2q31-2q32 regions. This findings highlights the impor-
tance of employing techniques that offer high resolution 
and comprehensive DNA coverage for the diagnosis of 
complex syndromes.

Furthermore, the use of CGH has facilitated the 
improved characterization and precise delineation of 
deletion breakpoints in DNA. This has led to the iden-
tification of distinct syndromes associated with these 
regions, including the 2q31.1 microdeletion syndrome, 
2q31.2q32.3 microdeletion syndrome, and 2q33.1 micro-
deletion syndrome [10]. However, in our patient´s case, 
the deletion encompasses all 2q31 cytobands and a sub-
stantial portion of the 2q32.1 cytoband. This renders her 
phenotype, and the specific genes involved, more com-
plex compared to other reported cases.

Conclusions
In conclusion, our comprehensive case report details a 
patient with a complex, discontinuous heterozygous dele-
tion spanning the 2q31.1 to 2q32.1 cytobands. To our 
knowledge, this is the inaugural documented case in the 
literature of a discontinuous deletion in these particular 
genomic regions, presenting significant challenges for 
diagnosis, management, and prognosis. Our systematic 
review of the literature on cases with deletions involving 
at least the 2q31.1 cytoband yields valuable insights into 
genotype-phenotype correlations, shedding light on the 
frequency and clinical manifestations observed in these 
patients.

Furthermore, our study underscores the utility of high-
resolution CGH techniques in diagnosing complex and 
rare disorders. The CGH method enables the detection of 
an expanding spectrum of genomic alterations, while also 
facilitating the precise identification of affected genes 
with exceptional resolution. This contributes to a better 
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understanding of the underlying genetic mechanisms 
involved in the pathogenesis of these conditions. Mov-
ing forward, continued research and collaboration are 
needed to further characterize the genotype-phenotype 
relationships and delineate the full spectrum of clinical 
symptoms associated with deletions involving the 2q31.1 
cytoband and adjacent regions. This knowledge will aid 
in enhancing diagnostic accuracy, prognostic assess-
ments, and therapeutic interventions for affected individ-
uals, ultimately improving patient outcomes in the realm 
of rare genetic disorders.
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