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CASE REPORT

Three case reports of patients indicating 
the diversity of molecular and clinical features 
of 16p11.2 microdeletion anomaly
Monika Szelest1, Martyna Stefaniak1, Gabriela Ręka1, Ilona Jaszczuk2 and Monika Lejman3* 

Abstract 

Background: 16p11.2 microdeletion is a known chromosomal anomaly associated mainly with neurocognitive 
developmental delay, predisposition to obesity, and variable dysmorphism. Although this deletion is relatively rare 
among the general population, it is one of the serious known genetic aetiologies of obesity and autism spectrum 
disorder.

Case presentation: This study presents three cases of deletions within the 16p11.2 region. Every child had mild 
variable craniofacial abnormalities, hand or foot anomalies and developmental and language delays. The first proband 
had obesity, epilepsy, moderate intellectual disability, aphasia, motor delay, hyperinsulinism, and café au lait spots. The 
second proband suffered from cardiac, pulmonary, and haematological problems. The third proband had motor and 
language delays, bronchial asthma, and umbilical hernia. Although each patient presented some features of the syn-
drome, the children differed in terms of their clinical pictures. Genetic diagnosis of 16p11.2 microdeletion syndrome 
was made in children at different ages based on multiplex ligation probe-dependent amplification analysis and/or 
microarray methods.

Conclusions: Our reports allow us to analyse and better understand the biology of 16p11.2 microdeletion through-
out development. However, the variability of presented cases supports the alternate conclusion to this presented 
in available literature regarding 16p11.2 deletion, as we observed no direct cause-and-effect genotype/phenotype 
relationships. The reported cases indicate the key role of the interdisciplinary approach in 16p11.2 deletion diagnos-
tics. The care of patients with this anomaly is based on regular health assessment and adjustment of nervous system 
development therapy.
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Background
16p11.2 deletion syndrome is a known chromosomal 
aberration with an estimated prevalence of 1–5/10,000 in 
the general population [1]. Research based on the large 
ClinGen database suggests that 16p11.2 deletions are 
the second most commonly identified microdeletion, 

occurring in one of every 235 cases tested with intel-
lectual and developmental disability [2]. Interestingly, 
this deletion confers susceptibility to autism spectrum 
disorder (ASD) in nearly 1% of people with autism and 
has been found in up to 0.001% of people with psychiat-
ric disorders [3–5]. The amount and location of deleted 
genetic material allows distinguishing different categories 
of this chromosomal anomaly. However, 16p11.2 micro-
deletion syndrome is usually caused by a deletion of an 
approximately 600-kbp region containing 29 protein-
coding genes [6].
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Most cases of these microdeletions are not inherited, 
as de novo deletions are found in approximately 75% of 
children [7]. 16p11.2 microdeletion is mainly character-
ized by neurocognitive developmental delay, intellectual 
disability, and ASD [8]. Moreover, the phenotypic spec-
trum associated with this deletion is much wider and 
includes delays in speech or motor development, lan-
guage impairment (apraxia or dysarthria), low muscle 
tone, hypo- or hyperreflexia, a tendency towards obe-
sity, short stature, and hyperinsulinaemic hypoglycae-
mia [6, 8–10]. Patients with this chromosome anomaly 
present variable craniofacial abnormalities, such as 
macro- or microcephaly, hypertelorism, full cheeks, 
posterior rotated ears, downslanting palpebral fissures, 
deep-set eyes, ptosis, and a small nose with a broad nasal 
bridge [8, 11]. Changes in the fingers and toes can also 
be observed, mainly in the form of bilateral fifth fin-
ger clinodactyly and syndactyly of the second and third 
toes [12]. Moreover, 16p11.2 microdeletion is associated 
with dermatological alterations, for example, café au lait 
spots and sacral dimples [13]. Other clinical features of 
16p11.2 deletions include anxiety disorders, attention 
deficit hyperactivity disorder (ADHD), and reduced fer-
tility [14]. Moreover, the deleted fragment is particularly 
important in speech development and is observed in 
more than 70% of patients with 16p11.2 deletions [15]. 
The clinical picture of 16p11.2 microdeletion may vary 
among patients, depending on the size of the lost chro-
mosome fragment.

In this study, we report the cases of three patients 
with 16p11.2 microdeletions. Although each child had 
the craniofacial features, hand or foot anomalies and 
developmental delays characteristic of 16p11.2 microde-
letions, the patients differed in their overall clinical pic-
tures. Multiplex ligation probe-dependent amplification 
(MLPA) analysis and microarray testing were used to 
confirm the cytogenetic aspect of the diagnosis. All three 
patients had genomic imbalances encompassing one or 
both recurrent regions in 16p11.2.

Case presentation
The first described proband was born as the third child 
(from the fourth pregnancy, the third birth) of an unre-
lated couple in a family where no intellectual disabilities 
or congenital genetic defects were reported. The two pre-
vious deliveries were performed on time with a caesarean 
section. The girl’s mother had one spontaneous miscar-
riage. During pregnancy, the proband’s mother suffered 
from gestational diabetes treated with a diet, arterial 
hypertension treated with a methyldopa preparation, and 
was on short-term medications for colds. The influence 
of teratogenic factors was not reported, and foetal ultra-
sound was normal. Pregnancy was resolved in the 40th 

week by caesarean section. The patient’s body weight 
after birth was 3330 g, body length was 55 cm, and head 
circumference was 34 cm. The child’s development after 
birth was abnormal, and due to the increased muscle 
tension, she received rehabilitation therapy from the 
age of 3 months. At 8 months of age, seizures occurred, 
and drug-resistant epilepsy treated with levetiracetam 
was diagnosed. From the age of 2, an increased appe-
tite (hyperphagia) followed by a rapid increase in body 
weight led to obesity: at the age of 5.5, the girl was 137 cm 
tall, with a body weight of 37 kg and a body mass index 
(BMI) of 27 kg/m2 (> 95th percentile, > 2SD; calculated on 
the basis of percentile scales developed for the popula-
tion of Polish children by Palczewska and Niedźwiedzka) 
[16]. The child’s development was assessed as delayed, 
with moderate intellectual disability and impaired speech 
development. The patient was also diagnosed with bin-
ocular hyperopia (+ 1.0 dioptre), and she wore corrective 
glasses. At the age of 5.5 years, the girl was admitted to 
the Department of Pediatrics, Endocrinology and Diabe-
tology of Children’s University Hospital in Lublin owing 
to obesity. Laboratory deviations, such as hyperinsulin-
ism, based on the oral glucose tolerance test (OGTT), 
relatively low levels of morning cortisol in the absence 
of clinical symptoms, and dyslipidaemia, were found 
in the study. Abdominal ultrasonography performed 
in May 2018 showed no abnormalities, except for slight 
liver and spleen enlargement. The examination showed 
bitemporal narrowing of the skull, short hands and feet, 
hand and foot brachydactyly, and partial syndactyly of 
the second and third toes. The study also revealed other 
anomalies, such as a narrow forehead, a flattened facial 
profile, upslanting palpebral fissures and their almond 
shape, hypotelorism, a short column of the nose, down-
turned corners of the mouth, and a highly arched palate 
(Fig. 1). Due to the suspicion of Prader–Willi syndrome, a 
methylation-specific multiplex ligation-dependent probe 
amplification (MS-MLPA) test was performed (ME-
028-C1 Prader–Willi/Angelman, MRC Holland, Amster-
dam, Netherlands). Both the methylation and genomic 
profiles were normal. Genetic tests were extended by use 
of the CytoScan 750  K array (750,000 oligonucleotide 
probes and 200,000 probes identifying a single-nucleo-
tide polymorphism (SNP) (Applied Biosystems, Thermo 
Fisher Scientific, Waltham, MA, USA). A microarray 
revealed a deletion including 72 genes of region 16p11.2 
(28490479_30190029), spanning 1699.55 kbp (Fig.  2). 
The girl, due to an abnormal psychomotor development, 
intellectual disability and speech development disorders, 
is under constant psychological, speech therapy and 
pedagogical care. Currently, due to increasing behavioral 
disorders in the form of behavioral rigidity, difficulties in 
adapting to new situations and in verbal communication, 
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Fig. 1 Photos of proband #1 and proband #3. Proband #1 (left side of the panel), showing some unusual facial features, such as a retracted 
forehead, long eyelid fissures, a wide back of the nose, a tented upper lip, a small mandible, and a retracted chin. Proband #2 (right side of the 
panel), exhibiting macrocephaly, protruding frontal and parietal tubers, flattened facial profile, upward oblique eyelid slanting, low and wide bridge 
of the nose, short nose spine, wide philtrum, receding chin, back-folded auricles, gothic palate, and small hands

Fig. 2 Microarray results of proband #1, proband #2, and proband #3 samples. Microarray results show genomic imbalance of deletions in the 
16p11.2 chromosome region
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a selective diet, and tantrums, the diagnosis of early 
childhood autism has been established.

The second patient was born as the first child of a 
mother who did not have a miscarriage, and no genetic 
diseases were present in the family history. The baby was 
born on time by means of a caesarean section in favour-
able general condition with a birth weight of 2930 g. The 
course of pregnancy was complicated by arterial hyper-
tension and urinary tract infections of the mother. The 
test for β-haemolytic streptococci in group B was posi-
tive. On the second day of the girl’s life, respiratory dis-
orders—tachypnoea and decreases in saturation up to 
80%—were reported; therefore, congenital pneumonia 
was diagnosed. Additional examinations revealed right 
heart dilatation, features of pulmonary hypertension, and 
a patent ductus arteriosus with right-left flow. During 
hospitalization in the Department of Hematology, Oncol-
ogy and Transplantology Children’s Hospital, an improve-
ment in haemodynamic parameters was observed. 
Control echocardiography showed a foramen ovale (FO) 
and detrended fluctuation analysis (DFA) with left–right 
flow and aortic obstruction. Ultrasound examination 
of the central nervous system (CNS) revealed features 
of first-degree ventricular bleeding. The girl received 
haematological and transfusion consultations based on 
thrombocytopenia. These consultations indicated throm-
bosis at the site of central venous catheter implantation. 
Neurological consultation did not reveal features of neu-
rological syndrome. Physical examination of the patient 
uncovered a number of anomalies, such as a retracted 
forehead, long eyelid fissures, a wide back of the nose, a 
tented upper lip, a small mandible, a retracted chin, and 
clinodactyly of the fifth fingers. Owing to the presence of 
heart defects and craniofacial features and the suspicion 
of immune deficiency due to congenital pneumonia, a 
deletion in 22q11.2 (DiGeorge syndrome) was suspected. 
DiGeorge syndrome was excluded by MLPA using the 
SALSA MLPA kit (P245-B1 Microdeletion Syndromes-1 
and P297-C1 Microdeletion Syndromes-2). The MLPA 
probe sizes, chromosomal positions, and sequences are 
provided in Additional file  1: Table  S1. MLPA P297-C1 
analyses indicated a genome imbalance of deletions in 
the 16p11.2 chromosome region, including the HIRIP3 
(OMIM *603365), DOC2A (OMIM *604567), MAZ 
(OMIM *600999), MAPK3 (OMIM *601795), and MVP 
(OMIM *605088) genes (Additional file  2: Fig.  S1, A, 
D). The molecular karyotype confirmed a deletion in 
chromosome 16, region 16p11.2 (29580020_30190029) 
spanning 610 kbp and including 31 genes (Fig.  2). The 
psychomotor development of the second patient at the 
of 11  months is not delayed in the opinion of the pedi-
atric neurologist. Due to the risk of the motor develop-
ment disorders, speech development delays, and the risk 

of autism spectrum disorders, described in the 16p11.2 
deletion, the patient is under the constant care of a psy-
chologist, physiotherapists and pediatric neurologist.

The third proband was a boy abandoned by his mother 
in a hospital during hospitalization owing to infection at 
the age of two weeks. He was born in the 36th week of 
pregnancy, with a body weight of 2680 g, a body length of 
51 cm and a head circumference of 33 cm, as the second 
child of a mother who had not previously had a miscar-
riage. There were no detailed data on the family medical 
history or on the course of pregnancy. He was in a fos-
ter family for 1.5 years and had been living in an adop-
tive family for three months. At the age of 20  months, 
the boy was admitted to the Pediatric Pulmonary and 
Rheumatology Department because of another asthma 
exacerbation. The boy presented developmental and lan-
guage delays. He started sitting at the age of 11 months 
and walking at the age of 19 months. Physical examina-
tion demonstrated mild variable anomalies, including 
macrocephaly, protruding frontal and parietal tubers, 
a flattened facial profile, upslanting palpebral fissures, a 
low-set and wide nasal bridge, a short nasal root, a wide 
philtrum, a receding chin, back-folded auricles, a highly 
arched palate, small hands, adducted feet, and umbilical 
hernia (Fig. 1). Molecular tests were performed to search 
for the causes of the patient’s neurodevelopmental prob-
lems. The microarray analysis showed a genome imbal-
ance spanning 761 kbp, including 44 genes in region 
16p11.2 (29428531_30190029) (Fig. 2). The motor devel-
opment of the third patient at the age of 3 years does not 
show significant abnormalities or delays in neurological 
assessment. The greatest neurodevelopmental problem, 
in the opinion of psychological and speech therapists, is 
incorrect and delayed speech development. The boy cur-
rently uses only single short words. However, he does 
not show any characteristic features that might suggest 
an ASD. Due to the varus position of the feet and the 
resulting gait disturbance, he is under the care of a physi-
otherapist. The clinical findings in our patients are sum-
marized in Table 1.

The deletions in the 16p11.2 region found in our three 
patients are consistent with known contiguous gene dele-
tion in the region of 16p11.2 (OMIM #611913). MLPA 
tests were also performed on samples from the parents 
of the first and second children to determine carrier sta-
tus. However, the MLPA test results for both the moth-
ers and fathers of the first and second patients did not 
reveal carrier status (Additional file  2: Fig.  S1, A, D). 
Upon discharge, periodic check-ins with an outpatient 
clinic, regular follow-ups with a clinical geneticist, con-
sistent individualized neurological and developmental 
treatments, appropriate diets and regular physical activ-
ity were recommended to the patients and their families.
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All deleted genes are listed in Table 2.

Discussion and conclusions
In our study, each described patient revealed some fea-
tures of 16p11.2 microdeletion anomaly according to 
previously reported data [3–5, 17]. Furthermore, in 2 
of the 3 presented cases, the 16p11.2 deletion occurred 
de novo. In the case of the third patient, it was not pos-
sible to examine the parents because the patient was 
adopted. Despite its significant incidence in the general 
population, 16p11.2 microdeletion anomaly deletion 
has a variable clinical picture. There are no strict geno-
type–phenotype correlations. However, several genes 
within the 16p11.2 region (e.g., TAOK2) might interact 
with each other via common signalling pathways, thus 
affecting single gene phenotypes [18]. Further studies are 
needed to identify these candidate genes to determine 
their role in neuropsychiatric disorders. In our patients, 
we could not identify the permanent common features 
among all patients, except the small receding chin. The 
phenotypic features were most similar in the first and 
third patients: macrocephaly, upslanting palpebral fis-
sures and a highly arched palate. In addition, the neu-
rodevelopmental picture was dominated by psychomotor 
retardation in the first 2  years of life and speech devel-
opment disorders (the first and third patients). Pizzo at 
el. reported that 16p11.2 deletion carriers could have the 
burden of rare deleterious mutations within genes in the 
genetic background correlated with the variability of IQ 
scores and head circumference [19].

Although deletions within the 16p11.2 region are 
associated with a wide spectrum of symptoms, several 
studies have provided a comprehensive characteriza-
tion of patients with this chromosomal imbalance [17, 
20, 21]. These reports have allowed us to analyse and 
better understand the biology of 16p11.2 microdeletion 
throughout development. To date, a few hypotheses have 
been proposed to characterize the association between a 
deletion within the 16p11.2 region and its clinical mani-
festation [18, 22, 23]. As outlined above, neuropsychiat-
ric phenotypes might result from altered cell signalling. 
On the other hand, Shinawi et al. reported a dose effect 
of 16p11.2 copy number on the different clinical results, 
proposing the occurrence of dosage-sensitive genes 
within the region [22, 23].

However, the molecular mechanisms underlying the 
clinical features presented by patients with 16p11.2 
microdeletions remain unclear and need additional 
investigation. Taking into consideration the variability 
of the phenotype in presented cases and relatively low 
penetrance of copy number variations (CNVs) regard-
ing 16p11.2 deletions, we surmise that the outcome 
might act through the “two-hit hypothesis”. Therefore, 

the genetic background might contribute to phenotypic 
heterogeneity [19]. Moreover, the clinical manifestation 
of the 16p11.2 deletions is modulated by additional vari-
ants. Thus, accurate genetic diagnosis of patients with 
16p11.2 deletions will require the comprehensive assess-
ment of the genetic background, which is associated with 
the variability and severity of clinical features in patients 
with the 16p11.2 anomaly [19].

The clinical picture of all three presented cases high-
lights the complexity of CNV-related neurodevelop-
mental features. These data suggest that individual 
genes within changeable expressed CNV regions are not 
responsible for the diversity of neuropsychiatric pheno-
typic features, and establishing whether the phenotype 
of a single gene completely displays the variable pheno-
types of the whole CNV region is impossible. Therefore, 
it seems to be crucial to determine the interaction-based 
pattern of genes within specific CNVs to unravel their 
impact on important signalling pathways and, in turn, 
variable clinical features [18]. Since the molecular basis 
of the 16p11.2 region is still limited, early identification 
of imbalances within this region is vital to ensure appro-
priate treatment and psychological support.

Regarding molecular differences among the presented 
cases, we analysed the reported features associated 
with genes within a deleted chromosomal region. The 
most common deletion region is proximal breakpoint 
4–5 (BP4-BP5), which is associated with microdeletion 
(OMIM#611913). Abnormalities in copy number are 
associated with neuropsychiatric phenotypes, growth 
abnormalities, skeletal abnormalities and other, less fre-
quent congenital anomalies. The distal BP2–BP3 16p11.2 
region is another frequent region spanning approxi-
mately 220 kb. Phenotypes associated with microdeletion 
include obesity, generalized overgrowth, global develop-
mental delay, delayed speech and language development, 
ASD, seizures, ADHD, and less often congenital anoma-
lies of other organ systems [12]. It is worth mentioning 
that Proband 1 presented the largest deletion that con-
tained both the BP2-BP3 and BP4-BP5 recurrent regions. 
Furthermore, the deletion featured, among others, the 
CLN3 gene. The patient’s symptoms included epilepsy, 
diagnosed in the 8th month of life, and binocular hyper-
opia diagnosed in the 7th year of life. Recessive CLN3 
mutations are the cause of neurodegenerative disorders, 
characterized by progressive vision failure and seizures. 
The set of symptoms associated with CLN3 mutations 
is described as juvenile neuronal ceroid lipofuscino-
sis (JNCL). In the presence of the CLN3 mutation and 
hemizygous 16p11.2 deletion, JNCL symptoms are more 
pronounced than the symptoms of the 16p11.2 microde-
letion [24, 25]. In summary, phenotypic variability among 
patients with 16p11.2 deletions may also be associated 
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with the expression of recessive mutations in the non-
deleted homologue [26].

One of the significant symptoms of 16p11.2 deletions 
is the tendency towards obesity. The SH2B1 gene, with 
functions that are associated with the regulation of leptin 
and insulin signalling, is another gene within the 16p11.2 
microdeletion region in the first patient. SH2B1 deletion 
is associated with an increased risk of obesity as a result 
of hyperphagia and insulin resistance [27, 28]. Duan 
et al. described that insulin signalling in skeletal muscle, 
liver, and fat can be impaired by systemic deletions in the 
mouse SH2B gene [27]. Hyperinsulinism in the OGTT 
and dyslipidaemia (reduced HDL levels) were observed 
in the first patient during hospitalization. Moreover, dele-
tions in the 16p11.2 SH2B1-containing region are asso-
ciated with developmental delays, such as motor and 
language delays [12]. These symptoms correlate with 
those observed in the first proband. Similar neurodevel-
opmental disorders occurred in the third patient how-
ever, without the deletion of the SH2B1 gene. This could 
be explained by the loss of function of HIRIP3, KIF22, 
and PPP4C which may lead to spontaneous movement 
defects or touch disorders [29].

Although 16p11.2 deletions are linked to ASD, in our 
report, one out of three patients exhibited autism fea-
tures; what was finally confirmed by psychological diag-
nosis [18]. 16p11.2 deletions influence the formation of 
brain structures, as neuroimaging investigations have 
indicated structural abnormalities, mainly affecting 
the grey matter [30]. The observed structural changes 
in the cerebral cortex are considered to be the causes 
of a decreased intellectual quotient and a higher risk of 
ASD. Pucilowska et al. indicated the probable role of the 
MAPK3 gene in the synaptic signalling pathway, which 
is important in the learning process [31]. Increased neu-
ronal progenitor proliferation and the dysregulation of 
apoptosis in neurons were observed in mice and zebrafish 
with 16p11.2 deletions [31, 32]. Studies by Bertero et al. 
suggested that neurodevelopmental disorders and abnor-
mal socio-cognitive function are the result of abnormal 
long-range prefrontal synchronization in the brain struc-
ture [33]. Wu et  al. identified heterozygous TBX6 null 
mutations that were related to congenital scoliosis in a 
Han Chinese population. Furthermore, these null alleles 
included CNVs (12 instances of a 16p11.2 deletion affect-
ing TBX6) [34]. Studies have also revealed critical roles of 
MAPK3, KCTD13, MVP, and TAOK2 in the growth and 
proliferation of progenitor cells and in neurite morpho-
genesis in ASD [31, 32]. Richter et al. reported that alter-
ations within the TAOK2, HIRIP3, and DOCA2 genes 
are associated with ASD pathogenesis, as they encode 
proteins responsible for proper development of nerve 
tissue, especially synaptic connections. In particular, 

the TAOK2 gene is regarded as a new gene factor in the 
development of neurodevelopmental disorders [35]. The 
above-mentioned genes were identified as deleted in all 
probands. Jensen et al. reported TAOK2, MVP, ALDOA, 
DOC2A (alterations of these genes was observed in all 
our probands) and ATXN2L, ATP2A, SH2B1 in distal 
16p11.2 regions (detected in the first proband only) as 
candidate genes that are responsible for developmental 
disorders with genome-wide metrics of pathogenicity, 
including measurements of haploinsufficiency [18].

However, over the period of the report, 250 patients 
with phenotypic characteristic that appear to overlap 
with 3 reported cases (neurodevelopmental disorders, 
impaired speech development, psychomotor delay etc.) 
and 150 patients with neurodevelopmental delay and 
ASD or ADHD were tested. These numbers confirm 
that (similar with other case series) we are dealing with 
case selection bias. Moreover, a small proportion of tests 
showed a 16p11.2 deletion, thus raising additional con-
cern regarding the validity of genotype/phenotype cor-
relation. Thus, it might be relevant to perform additional 
genetic analyses, such as whole exome sequencing, in 
order to identify novel pathogenic variants, contribut-
ing the phenotype of patients with the 16p11.2 deletion. 
The variety of clinical phenotypes among patients with 
16p11.2 aberrations makes it difficult to interprete their 
examination results. Regarding adults with the 16p11.2 
deletion, it was reported that several phenotypes are 
associated with this anomaly, such as a high incidence 
of diabetes, hypertension and osteoarthritis, suggest-
ing the requirement for systematic medical observation. 
Although carriers of 16p11.2 deletion might present sub-
tle cognitive distortions, it might affect their ability to 
earn for a living and educational attainment in adulthood. 
Therefore, our study highlights the importance of routine 
genetic testing in patients with speech delay, ASD, cog-
nitive impairment, and other symptoms connected with 
neurodevelopmental disorders. Furthermore, it is crucial 
to diagnose patients with the 16p11.2 microdeletions at 
younger age, as it provides early clinical monitoring and 
psychical care of patients; and prevents from long-term 
sequalae.

The reported cases indicate a key role of an interdis-
ciplinary approach in the diagnosis and care of patients 
with 16p11.2 deletion. The diagnosis of 16p11.2 micro-
deletion is made at different ages based on molecular 
tests, such as MLPA and microarray analyses. However, 
the variability of presented cases supports the alter-
nate conclusion to this presented in available literature 
regarding 16p11.2 deletion, as we observed no direct 
cause-and-effect genotype/phenotype relationships. 
The clinical observations do not allow unambiguous 
determination of the phenotypic features characteristic 
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of 16p11.2 deletions. Therefore, further studies are 
needed in order to determine the actual frequency of 
this aberration and provide a comprehensive character-
istic of clinical features regarding 16p11.2 deletions.

Abbreviations
ASD: Autism spectrum disorder; MLPA: Multiplex ligation probe-dependent 
amplification; BMI: Body mass index; OGTT : Oral glucose tolerance test; FO: 
Foramen ovale; DFA: Detrended fluctuation analysis; PB: Peripheral blood; CNA: 
Copy number of altered regions; CNS: Copy number states; HMM: Hidden 
Markov Model; CNV: Copy number variation; OMIM: Online mendelian inherit-
ance in man; ADHD: Attention deficit hyperactivity disorder; JNCL: Juvenile 
neuronal ceroid-lipofuscinosis.

Supplementary Information
The online version contains supplementary material available at https ://doi.
org/10.1186/s1292 0-021-00929 -8.

Additional file 1: Table S1. Examples of microdeletion syndromes in 
MLPA (P245-B1) (A) and MLPA (P297-C1) (B).

Additional file 2: Fig. S1. MLPA results for proband #1 and her parents. 
MLPA scatter plots for DNA of proband #1 (A) and her parents (B, C) 
are presented. Test probes (green points) are within the normal range 
(located between green lines) for DNA of the patient’s parents, while test 
probes (red points) appear lowered for DNA of proband #1. The table (D) 
notes the copy number of each used probe. Regarding proband #2 and 
proband #3, the MLPA for both the mother and father did not indicate 
carrier status.

Acknowledgements
Not applicable.

Authors’ contributions
ML and IJ designed the research project. MS1 (Monika Szelest), MS2 (Martyna 
Stefaniak) and GR wrote the paper and were responsible for the acquisition of 
literatures for the manuscript. ML, IJ and MS1 prepared the final version of the 
manuscript. ML, IJ and MS1 were responsible for the reviewer comments and 
correcting the manuscript. The final manuscript was reviewed and approved 
by all authors.

Funding
Not applicable.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
in the Gene Expression Omnibus (GEO) repository: https ://www.ncbi.nlm.nih.
gov/geo/query /acc.cgi?acc=GSE15 9129

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee of Medical University of 
Lublin, Poland (committee’s reference number: KNW/0022/KB1/153/I/16/17). 
Written, informed consent to participate was obtained from the patient’s 
parents.

Consent for publication
Written, informed consent to publish was obtained from the patient’s parents.

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

Author details
1 Student Scientific Society, Laboratory of Genetic Diagnostics, Medical Univer-
sity of Lublin, Gębali 6, 20-093 Lublin, Poland. 2 Department of Cancer Genetics 

With Cytogenetics Laboratory, Medical University of Lublin, Radziwiłłowska 11, 
20-080 Lublin, Poland. 3 Laboratory of Genetic Diagnostics, Medical University 
of Lublin, A. Gębali 6, 20-093 Lublin, Poland. 

Received: 24 November 2020   Accepted: 3 March 2021

References
 1. https ://www.orpha .net/conso r/cgi-bin. Access 2021.01.10.
 2. Kaminsky EB, Kaul V, Paschall J, Church DM, Bunke B, Kunig D, et al. An 

evidence-based approach to establish the functional and clinical signifi-
cance of CNVs in intellectual and developmental disabilities. Genet Med. 
2011;13(9):777–84. https ://doi.org/10.1097/GIM.0b013 e3182 2c79f 9.

 3. Kumar RA, Karamohamed S, Sudi J, Conrad DF, Brune C, Badner JA, 
et al. Recurrent 16p11.2 microdeletions in autism. Hum Mol Genet. 
2008;17:628–38. https ://doi.org/10.1093/hmg/ddm37 6.

 4. Weiss LA, Shen Y, Korn JM, Arking DE, Miller DT, Fossdal R, et al. Associa-
tion between Microdeletion and Microduplication at 16p11.2 and 
Autism. N Engl J Med. 2008;358:667–75. https ://doi.org/10.1056/NEJMo 
a0759 74.

 5. Stefansson H, Meyer-Lindenberg A, Steinberg S, Magnusdottir B, Morgen 
K, Arnarsdottir S, et al. CNVs conferring risk of autism or schizophrenia 
affect cognition in controls. Nature. 2014;505(7483):361–6. https ://doi.
org/10.1038/natur e1281 8.

 6. Zufferey F, Sherr EH, Beckmann ND, Hanson E, Maillard AM, Hippolyte L, 
et al. A 600 kb deletion syndrome at 16p11.2 leads to energy imbalance 
and neuropsychiatric disorders [published correction appears in J Med 
Genet. 2014;51(7):478. J Med Genet. 2012;49(10):660–668. https ://doi.
org/10.1136/jmedg enet-2012-10120 3.

 7. Miller DT, Chung W, Nasir R, Shen Y., Steinman KJ, Wu BL, et al. 16p11.2 
Recurrent Microdeletion. 2009 Sep 22 [Updated 2015 Dec 10]. In: Adam 
MP, Ardinger HH, Pagon RA, et al., editors. GeneReviews® [Internet]. Seat-
tle (WA): University of Washington, Seattle; 1993–2020. https ://www.ncbi.
nlm.nih.gov/books /NBK11 167/.

 8. Stoppel LJ, Kazdoba TM, Schaffler MD, Preza AR, Heynen A, Crawley JN, 
et al. R-baclofen reverses cognitive deficits and improves social interac-
tions in two lines of 16p11.2 deletion mice. Neuropsychopharmacology. 
2018;43(3):513–24. https ://doi.org/10.1038/npp.2017.236.

 9. Shriberg LD, Strand EA, Jakielski KJ, Mabie HL. Estimates of the prevalence 
of speech and motor speech disorders in persons with complex neu-
rodevelopmental disorders. Clin Linguist Phon. 2019;33(8):707–36. https 
://doi.org/10.1080/02699 206.2019.15957 32.

 10. Demopoulos C, Kothare H, Mizuiri D, et al. Abnormal speech motor con-
trol in individuals with 16p11.2 deletions. Sci Rep. 2018;8(1):1274. https ://
doi.org/10.1038/s4159 8-018-19751 -x.

 11. Stingl CS, Jackson-Cook C, Couser NL. Ocular findings in the 16p11.2 
microdeletion syndrome: a case report and literature review. Case Rep 
Pediatr. 2020;2020:2031701. https ://doi.org/10.1155/2020/20317 01.

 12. Bachmann-Gagescu R, Mefford HC, Cowan C, Glew GM, Hing AV, Wallace 
S, et al. Recurrent 200-kb deletions of 16p11.2 that include the SH2B1 
gene are associated with developmental delay and obesity. Genet Med. 
2010;12(10):641–7. https ://doi.org/10.1097/GIM.0b013 e3181 ef428 6.

 13. Steinman KJ, Spence SJ, Ramocki MB, Proud MB, Kessler SK, Marco 
EJ, et al. 16p11.2 deletion and duplication: characterizing neurologic 
phenotypes in a large clinically ascertained cohort. Am J Med Genet A. 
2016;170(11):2943–55. https ://doi.org/10.1002/ajmg.a.37820 .

 14. D’Angelo D, Lebon S, Chen Q, Martin-Brevet S, Snyder LG, Hippolyte L, 
et al. Defining the effect of the 16p11.2 duplication on cognition, behav-
ior, and medical comorbidities. JAMA Psychiatry. 2016;73(1):20–30. https 
://doi.org/10.1001/jamap sychi atry.2015.2123.

 15. Rosenfeld JA, Coppinger J, Bejjani BA, Girirajan S, Eichler EE, Shaffer LG, 
et al. Speech delays and behavioral problems are the predominant fea-
tures in individuals with developmental delays and 16p11.2 microdele-
tions and microduplications. J Neurodev Disord. 2010;2(1):26–38. https ://
doi.org/10.1007/s1168 9-009-9037-4.

 16. Palczewska I, Niedźwiecka Z. Siatki centylowe do oceny rozwoju 
somatycznego dzieci i młodzieży. Warszawa: Zakład Rozwoju Dzieci i 
Młodzieży Instytutu Matki i Dziecka; 1999.

https://doi.org/10.1186/s12920-021-00929-8
https://doi.org/10.1186/s12920-021-00929-8
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE159129
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE159129
https://www.orpha.net/consor/cgi-bin
https://doi.org/10.1097/GIM.0b013e31822c79f9
https://doi.org/10.1093/hmg/ddm376
https://doi.org/10.1056/NEJMoa075974
https://doi.org/10.1056/NEJMoa075974
https://doi.org/10.1038/nature12818
https://doi.org/10.1038/nature12818
https://doi.org/10.1136/jmedgenet-2012-101203
https://doi.org/10.1136/jmedgenet-2012-101203
https://www.ncbi.nlm.nih.gov/books/NBK11167/
https://www.ncbi.nlm.nih.gov/books/NBK11167/
https://doi.org/10.1038/npp.2017.236
https://doi.org/10.1080/02699206.2019.1595732
https://doi.org/10.1080/02699206.2019.1595732
https://doi.org/10.1038/s41598-018-19751-x
https://doi.org/10.1038/s41598-018-19751-x
https://doi.org/10.1155/2020/2031701
https://doi.org/10.1097/GIM.0b013e3181ef4286
https://doi.org/10.1002/ajmg.a.37820
https://doi.org/10.1001/jamapsychiatry.2015.2123
https://doi.org/10.1001/jamapsychiatry.2015.2123
https://doi.org/10.1007/s11689-009-9037-4
https://doi.org/10.1007/s11689-009-9037-4


Page 11 of 11Szelest et al. BMC Med Genomics           (2021) 14:76  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

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

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 17. Fetit R, Price DJ, Lawrie SM, Johnstone M. Understanding the clinical 
manifestations of 16p11.2 deletion syndrome: a series of developmental 
case reports in children. Psychiatr Genet. 2020;30(5):136–40. https ://doi.
org/10.1097/YPG.00000 00000 00025 9.

 18. Jensen M, Girirajan S. An interaction-based model for neuropsychiatric 
features of copy-number variants. PLoS Genet. 2019;15(1):e1007879. 
https ://doi.org/10.1371/journ al.pgen.10078 79.

 19. Pizzo L, Jensen M, Polyak A, Rosenfeld JA, Mannik K, Krishnan A, et al. 
Rare variants in the genetic background modulate cognitive and 
developmental phenotypes in individuals carrying disease-associated 
variants. Genet Med. 2019;21(4):816–25. https ://doi.org/10.1038/s4143 
6-018-0266-3.

 20. Dell’Edera D, Dilucca C, Allegretti A, Simone F, Lupo MG, Liccese C, 
et al. 16p11.2 microdeletion syndrome: a case report. J Med Case Rep. 
2018;12(1):90. https ://doi.org/10.1186/s1325 6-018-1587-1.

 21. Gibbs W, Bell H, Ajith A, Sadtler K, Escuro K, Brooks D, et al. Identification 
of 16p11.2 deletion syndrome on a child inpatient psychiatric unit: a case 
report and call for inpatient genetic testing. J Child Adolesc Psychiatr 
Nurs. 2021. https ://doi.org/10.1111/jcap.12305 .

 22. Shinawi M, Liu P, Kang SH, et al. Recurrent reciprocal 16p11.2 rear-
rangements associated with global developmental delay, behavioural 
problems, dysmorphism, epilepsy, and abnormal head size. J Med Genet. 
2010;47(5):332–41. https ://doi.org/10.1136/jmg.2009.07301 5.

 23. Blumenthal I, Ragavendran A, Erdin S, Klei L, Sugathan A, Guide JR, 
et al. Transcriptional consequences of 16p11.2 deletion and duplica-
tion in mouse cortex and multiplex autism families. Am J Hum Genet. 
2014;94(6):870–83. https ://doi.org/10.1016/j.ajhg.2014.05.004.

 24. de los Reyes E, Dyken PR, Phillips P, Brodsky M, Bates S, Glasier C, Mrak 
RE. Profound infantile neuroretinal dysfunction in a heterozygote for 
the CLN3 genetic defect. J Child Neurol. 2004;19(1):42–6. https ://doi.
org/10.1177/08830 73804 01900 10703 .

 25. Pebrel-Richard C, Debost-Legrand A, Eymard-Pierre E, Greze V, Kemeny 
S, Gay-Bellile M, et al. An unusual clinical severity of 16p11.2 deletion 
syndrome caused by unmasked recessive mutation of CLN3. Eur J Hum 
Genet. 2014;22(3):369–73. https ://doi.org/10.1038/ejhg.2013.141.

 26. Coman D, Gardner R. Deletions revealing recessive genes: deletions that 
reveal recessive genes. Eur J Hum Genet. 2007;15:1103–4. https ://doi.
org/10.1038/sj.ejhg.52019 19.

 27. Duan C, Yang H, White MF, Rui L. Disruption of the SH2-B gene 
causes age-dependent insulin resistance and glucose intoler-
ance. Molec Cell Biol. 2004;24(17):7435–43. https ://doi.org/10.1128/
MCB.24.17.7435-7443.2004.

 28. Ren D, Zhou Y, Morris D, Li M, Li Z, Rui L. Neuronal SH2B1 is essen-
tial for controlling energy and glucose homeostasis. J Clin Invest. 
2007;117(2):397–406. https ://doi.org/10.1172/JCI29 417.

 29. Blaker-Lee A, Gupta S, McCammon JM, De Rienzo G, Sive H. Zebrafish 
homologs of genes within 16p11.2, a genomic region associated with 
brain disorders, are active during brain development, and include two 
deletion dosage sensor genes. Dis Model Mech. 2012;5(6):834–51. https 
://doi.org/10.1242/dmm.00994 4.

 30. Maillard AM, Ruef A, Pizzagalli F, Migliavacca E, Hippolyte L, Adaszewski S, 
et al. The 16p11.2 locus modulates brain structures common to autism, 
schizophrenia and obesity. Mol Psychiatry. 2015;20(1):140–7. https ://doi.
org/10.1038/mp.2014.145.

 31. Pucilowska J, Vithayathil J, Tavares EJ, Kelly C, Karlo JC, Landreth GE. The 
16p11.2 deletion mouse model of autism exhibits altered cortical pro-
genitor proliferation and brain cytoarchitecture linked to the ERK MAPK 
pathway. J Neurosci. 2015;35(7):3190–200. https ://doi.org/10.1523/JNEUR 
OSCI.4864-13.2015.

 32. Golzio C, Willer J, Talkowski ME, Oh EC, Taniguchi Y, Jacquemont S, et al. 
KCTD13 is a major driver of mirrored neuroanatomical phenotypes of the 
16p11.2 copy number variant. Nature. 2012;485(7398):363–7. https ://doi.
org/10.1038/natur e1109 1.

 33. Bertero A, Liska A, Pagani M, Parolisi R, Masferrer ME, Gritti M, et al. 
Autism-associated 16p11.2 microdeletion impairs prefrontal functional 
connectivity in mouse and human. Brain. 2018;141(7):2055–65. https ://
doi.org/10.1093/brain /awy11 1.

 34. Wu N, Ming X, Xiao J, Wu Z, Chen X, Shinawi M, et al. TBX6 null variants 
and a common hypomorphic allele in congenital scoliosis. N Engl J Med. 
2015;372(4):341–50. https ://doi.org/10.1056/NEJMo a1406 829.

 35. Richter M, Murtaza N, Scharrenberg R, White SH, Johanns OL, Walker S, 
et al. Altered TAOK2 activity causes autism-related neurodevelopmental 
and cognitive abnormalities through RhoA signaling. Mol Psychiatry. 
2019;24(9):1329–50. https ://doi.org/10.1038/s4138 0-018-0025-5.

 36. Crawford K, Bracher-Smith M, Owen D, Kendall KM, Rees E, Pardiñas AF, 
et al. Medical consequences of pathogenic CNVs in adults: analysis of the 
UK Biobank. J Med Genet. 2019;56:131–8.

 37. Kendall KM, Bracher-Smith M, Fitzpatrick H, Lynham A, Rees E, Escott-
Price V, et al. Cognitive performance and functional outcomes of carriers 
of pathogenic copy number variants: analysis of the UK Biobank. Br J 
Psychiatry. 2019;214(5):297–304. https ://doi.org/10.1192/bjp.2018.301.

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

https://doi.org/10.1097/YPG.0000000000000259
https://doi.org/10.1097/YPG.0000000000000259
https://doi.org/10.1371/journal.pgen.1007879
https://doi.org/10.1038/s41436-018-0266-3
https://doi.org/10.1038/s41436-018-0266-3
https://doi.org/10.1186/s13256-018-1587-1
https://doi.org/10.1111/jcap.12305
https://doi.org/10.1136/jmg.2009.073015
https://doi.org/10.1016/j.ajhg.2014.05.004
https://doi.org/10.1177/08830738040190010703
https://doi.org/10.1177/08830738040190010703
https://doi.org/10.1038/ejhg.2013.141
https://doi.org/10.1038/sj.ejhg.5201919
https://doi.org/10.1038/sj.ejhg.5201919
https://doi.org/10.1128/MCB.24.17.7435-7443.2004
https://doi.org/10.1128/MCB.24.17.7435-7443.2004
https://doi.org/10.1172/JCI29417
https://doi.org/10.1242/dmm.009944
https://doi.org/10.1242/dmm.009944
https://doi.org/10.1038/mp.2014.145
https://doi.org/10.1038/mp.2014.145
https://doi.org/10.1523/JNEUROSCI.4864-13.2015
https://doi.org/10.1523/JNEUROSCI.4864-13.2015
https://doi.org/10.1038/nature11091
https://doi.org/10.1038/nature11091
https://doi.org/10.1093/brain/awy111
https://doi.org/10.1093/brain/awy111
https://doi.org/10.1056/NEJMoa1406829
https://doi.org/10.1038/s41380-018-0025-5
https://doi.org/10.1192/bjp.2018.301

	Three case reports of patients indicating the diversity of molecular and clinical features of 16p11.2 microdeletion anomaly
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


