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Abstract
Background  The 15q11.2 BP1-BP2 microdeletion syndrome is associated with developmental delays, language 
impairments, neurobehavioral disorders, and psychiatric complications. The aim of the present study was to provide 
prenatal and postnatal clinical data for 16 additional fetuses diagnosed with the 15q11.2 BP1-BP2 microdeletion 
syndrome in the Chinese population.

Methods  A total of 5,789 pregnancy women that underwent amniocentesis were enrolled in the present study. 
Both karyotype analysis and chromosomal microarray analysis (CMA) were conducted on these subjects to detect 
chromosomal abnormalities and copy number variants (CNVs). Whole exome sequencing (WES) was performed to 
investigate sequence variants in subjects with clinical abnormalities after birth.

Results  Sixteen fetuses with 15q11.2 BP1-BP2 microdeletion were identified in the present study, with a detection 
rate of 0.28% (16/5,789). The 15q11.2 BP1-BP2 microdeletion fragments ranged from 311.8 kb to 849.7 kb, 
encompassing the NIPA1, NIPA2, CYFIP1, and TUBGCP5 genes. The follow-up results regarding pregnancy outcomes 
showed that five cases opted for pregnancy termination, while the remaining cases continued with their pregnancies. 
Subsequent postnatal follow-up indicated that only one case with the 15q11.2 BP1-BP2 microdeletion displayed 
neurodevelopmental disorders, demonstrating an incomplete penetrance rate of 9.09% (1/11).

Conclusion  The majority of fetuses with the 15q11.2 microdeletion exhibit typical features during early childhood, 
indicating a low penetrance and mild impact. Nonetheless, pregnancies involving fetuses with the 15q11.2 
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Introduction
Chromosome 15q11-q13 represents as one of the most 
genetically volatile regions in the genome. It features 
five frequently occurring breakpoints (BP1-BP5) that 
facilitate non-allelic homologous recombination, lead-
ing to the occurrence of chromosome microdeletions 
and duplications [1]. As is well known, deletions between 
BP1 and BP3 are associated with Prader Willi syndrome 
and Angelman syndrome [2–4]. The 15q11.2 BP1-BP2 
microdeletion encompasses the ~ 500 kb region, located 
between breakpoints BP1 and BP2, containing four 
OMIM genes including NIPA1, NIPA2, CYFIP1 and 
TUBGCP5 [5–7]. Previous studies have indicated that 
individuals with 15q11.2 BP1-BP2 microdeletion com-
monly present with a wide range of neurodevelopmental 
disorders. These may encompass intellectual disability, 
delays in language development, neurobehavioral dis-
orders, and/or mild physical deformities [1, 7–9]. How-
ever, the effect of 15q11.2 BP1-BP2 microdeletion is not 
significant, often displaying incomplete penetrance and 
phenotypic variability. Penetrance can vary considerably, 
ranging from 0.10 to 0.83, indicating that not all individu-
als with the deletion will exhibit the associated pheno-
typic traits [10, 11].

All the NIPA1, NIPA2, CYFIP1, and TUBGCP5 genes 
are expressed in the central nervous system, involved in 
axonal growth and neural connectivity [12]. The NIPA1 
gene contains 5 exons and spans 38.8  kb, is highly 
expressed in neuronal tissues and encodes a putative 
membrane transporter or receptor. This gene has been 
linked to a neurodegenerative disorder known as spastic 
paraplegia 6 [13]. A previous study conducted by Jiang 
et al. [14] indicated that haploinsufficiency of the NIPA2 
gene might serve as a susceptibility factor for childhood 
absence epilepsy in Chinese patients. However, another 
study indicated that NIPA2 gene variants were not asso-
ciated with generalized epilepsy in the Caucasian popula-
tion [15]. Moreover, the CYFIP1 gene has been found to 
encode a protein that interacts with the Fragile X Mental 
Retardation Protein (FMRP) associated with Fragile X 
syndrome [16]. In addition, the TUBGCP5 gene has been 
found to be highly expressed in the subthalamic nuclei 
of the brain, which was associated with attention-deficit 
hyperactivity disorder (ADHD) and compulsions [17].

In the present study, 16 cases with 15q11.2 BP1-BP2 
microdeletion were retrospectively reviewed. The pri-
mary objective was to offer additional clinical insights 
spanning the prenatal and postnatal periods.

Materials and methods
Subjects
A cohort comprising 5,789 pregnant women, exhibit-
ing various high-risk factors such as advanced maternal 
age (> 35 years), abnormal ultrasound findings, elevated 
results in serological screening, and other relevant risk 
factors, underwent amniocentesis between July 2017 and 
December 2023. Karyotype analysis and chromosomal 
microarray analysis were performed to detect chromo-
somal abnormalities. Among them, 16 cases with recur-
rent 15q11.2 BP1-BP2 microdeletion were retrospectively 
reviewed. Whole exome sequencing was employed to 
identify additional sequence variants in fetuses exhibit-
ing clinical abnormalities following birth. All enrolled 
subjects provided written informed consent prior to 
participation in the study. Ethics Committee approval 
was obtained from the Institutional Ethics Committee of 
Quanzhou Women’s and Children’s Hospital prior to the 
commencement of the study (2020No.31).

Karyotype analysis
Approximately 30  ml of amniotic fluid was collected, 
with 20  ml allocated for karyotype analysis and 10  ml 
designated for chromosomal microarray analysis. The 
amniotic fluid cells were harvested using a Sinochrome-
ChromprepII automatic chromosome harvesting system 
according to the standard protocol (Shanghai Lechen 
Biotechnology Co., Ltd.). After staining with Giemsa 
stain, twenty karyotypes were counted and analyzed, 
with five of them undergoing detailed examination. 
Nomenclature and diagnosis of the karyotypes were con-
ducted according to the International System for Human 
Cytogenomic Nomenclature (ISCN 2020).

Genomics DNA extraction and chromosomal microarray 
analysis (CMA)
About 10 ml of amniotic fluid from the fetuses and 2 ml 
of peripheral blood from the parents were collected for 
CMA and parental CMA verification. Genomic DNA was 
extracted from enrolled subjects using the QIAamp DNA 
Blood Kit (QIAGEN, Germany) according to the manu-
facturer’s protocol (www.qiagen.com) [18].

Chromosomal microarray analysis was performed 
using a single-nucleotide polymorphism based Affyme-
trix Cytoscan 750  K chip (Life Technologies, Ameri-
can) [18]. The detected copy number variants (CNVs) 
were subjected to further assessment utilizing various 
databases including the Database of Genomic Variants 

microdeletion require thorough prenatal counseling. Additionally, enhanced supervision and extended postnatal 
monitoring are warranted for those who choose to proceed with their pregnancies.
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(DGV), Online Mendelian Inheritance in Man (OMIM), 
DECIPHER, PubMed, and other relevant databases [18]. 
A joint consensus of the American College of Medical 
Genetics (ACMG) and the Clinical Genome Resource 
(ClinGen) standards and guidelines was used for inter-
pretation of the CNV pathogenicity [19].

Whole exome sequencing and data analysis
About 2  ml of peripheral blood from each patient was 
collected for whole exome sequencing (WES) [20]. The 
genomic DNA extracted from each patient was subjected 
to WES analysis. DNA quantification was conducted 
using the Qubit dsDNA HS Assay (Invitrogen, Carls-
bad, CA, USA). The approximate mean fragment length 
of 150–200  bp was sheared using the Covaris LE220 
(Covaris, Woburn, MA, USA). Then, the sheared DNA 
was used for library preparation of targeted regions by 
means of the SureSelect whole-exome capture kit (Agi-
lent). The Illumina DNA Standards and Primer Premix 
Kit (Kapa Biosystems, Boston, MA, USA) were used for 
the sequencing libraries quantification. Subsequently, 
sequencing was performed using the Illumina HiSeq 
2500 platform (Illumina, San Diego, CA, USA) [20].

Data analysis was conducted following the process 
described in Zhuang et al.’s research [20]. Firstly, data 
analysis was conducted, encompassing variant calling, 
annotation, and variant screening processes. The dbSNP, 
1000 Genomes Project, Exome Aggregation Consor-
tium and Exome Variant Server databases were used for 
searching the minor allele frequencies (MAF < 0.1%) of 
all known variants. The OMIM, ClinVar, Human Gene 
Mutation Database and SwissVar databases were used 
to determine the harmfulness and pathogenicity of the 
detected variants. According to the ACMG guidelines, 
variants were classified as pathogenic, likely pathogenic, 
variants of unknown significance (VOUS), likely benign 
and benign [21].

Results
Subject information
In the present study, a total of 5,789 pregnant women 
who underwent amniocentesis were included. Among 
them, 16 fetuses were diagnosed with 15q11.2 BP1-BP2 
microdeletion using CMA, resulting in a detection rate 
of 0.28% (16/5,789). In addition, all of the 16 cases exhib-
ited a normal karyotype. As demonstrated in Table 1, the 
deletion fragments in these cases ranged from 311.8  kb 
to 849.7 kb, while all of the deletions encompassed four 
OMIM genes, including NIPA1, NIPA2, CYFIP1 and 
TUBGCP5. According to information from the ClinGen 
database, all of these genes are associated with the syn-
drome of 15q11.2 recurrent region (BP1-BP2), which 
includes NIPA1. This suggests haploinsufficiency, with a 
sufficiency haploinsufficiency score of 3. According to the 

ACMG and ClinGen standards and guidelines, the recur-
rent 15q11.2 BP1-BP2 microdeletion was interpreted as a 
pathogenic variant.

In the enrolled 16 cases with 15q11.2 BP1-BP2 micro-
deletion, nine of them underwent parental CMA verifica-
tion. The results elicited that one of them was de novo, 
three of them were inherited from the mother and five of 
them were transmitted from the father (Table 1).

Ultrasound results of fetuses with recurrent 15q11.2 
BP1-BP2 microdeletion
Among the 16 cases enrolled in the study, ultrasound 
examination results were available for 15 fetuses. As out-
lined in Table  1, two fetuses presented structural ultra-
sound anomalies, specifically whole visceral inversion, 
spinal bifida with spinal meningocele, and umbilical pro-
trusion. Additionally, two fetuses exhibited isolated ultra-
sound soft indicators, while four fetuses demonstrated 
normal ultrasound examination findings. Notably, seven 
fetuses exhibited increased NT, with the detected value 
ranging from 2.6 mm to 4.1 mm. This anomaly was the 
most frequently observed ultrasound finding in the study. 
Among them, four fetuses had isolated increased NT and 
the other three fetuses also had abnormal ultrasound soft 
indicators.

Pregnancy outcome follow up
As shown in Table  1, the pregnancy outcome follow up 
results demonstrated that five cases with 15q11.2 BP1-
BP2 microdeletions chose to terminate their pregnan-
cies. This decision was influenced by concerns regarding 
the potential effects of the 15q11.2 BP1-BP2 microde-
letion and the presence of abnormal ultrasound find-
ings in the fetuses. Notably, two of these cases involved 
fetuses with structural ultrasound anomalies. The other 
11 cases continued their pregnancies and had full term 
deliveries with normal APGAR scores ranging from 9 
to 10. The follow up results showed that 10 cases exhib-
ited normal clinical features in early childhood. Further, 
among the eight parents who also harbored the 15q11.2 
BP1-BP2 microdeletion, normal developmental mile-
stones were observed during early childhood. However, 
one male pediatric patient exhibited abnormal clinical 
phenotypes, including motor and language developmen-
tal delays, and autism spectrum disorder (ASD). Notably, 
he also displayed soliloquizing behavior and an exagger-
ated response to noise, indicating a low penetrance rate 
of 9.09% (1 out of 11) in the present study.

The patient was subjected to a further pedigree inves-
tigation. The parental CMA verification indicated that 
the 15q11.2 BP1-BP2 microdeletion was inherited from 
his mother who had normal clinical features. In addi-
tion, results from pedigree analysis indicated that the 
proband’s 15-year-old cousin also exhibited abnormal 
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clinical features, notably severe autism spectrum disor-
der and severe language developmental delay (Fig.  1). 
Unfortunately, the proband’s cousin declined to undergo 
further genetic analysis.

Additional variants detected in the patient
In the present study, whole exome sequencing was fur-
ther conducted to investigate the additional sequence 
variants in the proband, with the aim of exploring the 
phenotypical diversity observed in the family. Clinical 
signs were converted into Human Phenotype Ontology 
(HPO) terminology, and a phenotypic scoring algorithm 
called Phrank, which relies on HPO terminology, was 
employed to aid in prioritizing changes. Subsequently, 
inheritance mode, allele frequency, and silico predic-
tion were used to filter variants. However, none of the 
filtered sequence variants sufficiently accounted for the 
patient’s clinical features. Although a likely pathogenic 
variant in the TBC1D24 gene was detected in the patient, 

the TBC1D24 gene is associated with autosomal reces-
sive disorders (Table 2). Unfortunately, the parents of the 
patient refused to undergo further Sanger sequencing to 
verify the origin of the variants.

Discussion
The 15q11.2 BP1-BP2 microdeletion exhibits incom-
plete penetrance and phenotypic variability, presenting 
challenges for adequate clinical consultation during the 
prenatal period. Additionally, there is ongoing debate 
among researchers regarding the pathogenicity of the 
15q11.2 BP1-BP2 microdeletion. In the present study, 16 
additional cases of 15q11.2 BP1-BP2 microdeletion were 
reported with the aim of offering more comprehensive 
clinical information spanning the prenatal and postnatal 
periods.

The prevalence of 15q11.2 BP1-BP2 microdeletions 
in the population was reported to be 0.5–1% [22–24]. 
In the present study, the frequency of 15q11.2 BP1-BP2 

Table 1  The chromosomal microarray analysis results of the enrolled cases
Cases CMA results Sizes 

(kb)
Pathogenicity Origin Prenatal ultrasound examina-

tion results
Pregnancy 
outcome and 
follow up

Fol-
low 
up 
years

1 arr[hg19] 15q11.2(22770421_23620192)x1 849.7 P De novo Nasal bone dysplasia, bilateral 
choroid plexus cyst

Normal 5

2 arr[hg19] 15q11.2(22770421_23282798)x1 512.3 P / Increased NT, enhanced intesti-
nal echogenicity

Normal 5

3 arr[hg19] 15q11.2(22770421_23082237)x1 311.8 P / Double renal pelvis separation Normal 4
4 arr[hg19] 15q11.2(22770421_23276833)x1 506.4 P Paternal Normal Normal 4
5 arr[hg19]15q11.2(22770421_23282798)x1 512.3 P Paternal Increased NT (3.6 mm) Normal 3
6 arr[hg19]15q11.2(22770421_23282798)x1 512.3 P / / Normal 3
7 arr[hg19]15q11.2(22770421_23277436)x1 507 P Maternal Increased NT (3.6 mm) Normal 2
8 arr[hg19]15q11.2(22770422_23277436)x1 507 P Paternal Increased NT (4.1 mm) TOP /
9 arr[hg19]15q11.2(22770422_23214655)x1 444.2 P Maternal Increased NT (3.0 mm), en-

hanced intestinal echogenicity
Normal 2

10 arr[hg19]15q11.2(22770422_23277436)x1 507 P / Spinal bifida with spinal menin-
gocele, umbilical protrusion

TOP /

11 arr[hg19]15q11.2(22770422_23277436)x1 507 P / Increased NT, bilateral choroid 
plexus cyst

TOP /

12 arr[hg19]15q11.2(22770421_23288350)x1 517.9 P Maternal Normal Autism spec-
trum disorder, 
motor and 
language 
developmen-
tal delay, so-
liloquize and 
overreaction 
to noise

9

13 arr[hg19]15q11.2(22770422_23282798)x1 512.3 P / Increased NT (2.6 mm) Normal 1
14 arr[hg19]15q11.2(22770422_23214655)x1 444.2 P Paternal Normal Normal 1
15 arr[hg19]15q11.2(22770422_23276833)x1 506.4 P Paternal Normal TOP /
16 arr[hg19]15q11.2(22770422_23082237)x1 311.8Kb P / Whole visceral inversion, 

middle hepatic vein widened; 
right lateral ventricle dilated

TOP /

P: Pathogenic, TOP: Terminate of pregnancy
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microdeletion was 0.28%, which is slightly lower than in 
previous reports. Similar to the present report, a previ-
ous study indicated that the frequency of prenatal diag-
nosis of 15q11.2 microdeletion was 0.21% (31/15,051) 
[25]. Individuals with 15q11.2 BP1-BP2 microdeletion 
typically present with a broad array of clinical features 
that lack specificity. Nonetheless, this deletion is strongly 
associated with various neurodevelopmental disor-
ders, including but not limited to intellectual disability, 
language developmental delays, neurodevelopmental 
behavioral disorders, epilepsy, autism spectrum disor-
der (ASD), and/or mild deformities [1, 7–9]. A previous 

study indicated that the penetrance of 15q11.2 BP1-BP2 
microdeletion was 10.4% [10]. Consistent with previous 
research, the present study also manifested a low pene-
trance of 15q11.2 BP1-BP2 microdeletions (9.09%).

A previous study conducted by Vanlerberghe et al. [26] 
recruited 34 families of 15q11.2 BP1-BP2 microdeletion, 
which similarly demonstrated incomplete penetrance and 
variable expressivity. Moreover, their parental verifica-
tion results indicated that 18.8% were de novo, and 81.2% 
were parental inherited. In the present study, the findings 
indicated 11.11% (1/9) were de novo, and 88.89% (8/9) 
were inherited from their parents. In fact, the validation 

Table 2  The whole exome sequencing results of the patient
Genes RefGene Variants Genotype Mode of 

inheritance
Original East Asian 

Frequency
ACMG classification

MEF2C NM_002397 c.403–3 C > A Heterozygote AD / / VOUS (PM2_support-
ing, PP3)

CDON NM_016952 c.1295 C > T Heterozygote AD / / VOUS (PM2_supporting)
TBC1D24 NM_001199107 c.1499 C > T Heterozygote AR / 0.0003 LP (PM3_verystrong, 

PM2_supporting)
TRAPPC6B NM_001079537 c.97 A > G Heterozygote AR / / VOUS (PM2_supporting)
GALNT2 NM_004481 c.179 A > G Heterozygote AR / 0.000054 VOUS (PM2_supporting)
CARS2 NM_024537 c.340 A > C Heterozygote AR / 0.0002 VOUS (PM2_supporting)
LP: Likely pathogenic, VOUS: Variants of unknown significance, AD: autosomal dominant, AR: autosomal recessive

Fig. 1  The pedigree information and chromosomal microarray analysis results of the enrolled family
 The pedigree analysis results indicated two pediatric patients with neurodevelopmental disorder. The arrow indicates the proband. II8 indicates the 
proband’s mother who also had the 15q11.2 BP1-BP2 microdeletion
 A 517.9Kb deletion was observed in the proband using chromosomal microarray analysis (arr[hg19]15q11.2(22,770,421 − 23,288,350)x1), containing four 
OMIM genes (NIPA1, NIPA2, CYFIP1, and TUBGCP5)
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of parental sources with 15q11.2 microdeletion had mini-
mal predictive effect on clinical phenotypes after birth. 
In addition, a prior study identified decreased expression 
levels of NIPA1, NIPA2, CYFIP1, and TUBGCP5 genes 
in both affected patients and transmitting parents who 
exhibited normal phenotypes [12]. Hence, the observed 
phenotypic heterogeneity associated with this deletion 
may be linked to epigenetic mechanisms, warranting fur-
ther investigation. A previous meta-analyses conducted 
by Jønch et al. [27] analyzed new data from 241 individu-
als and previously published data from 150 individuals 
with 15q11.2 BP1-BP2 deletion. This analysis revealed 
that the 15q11.2 BP1-BP2 deletion was associated with a 
decrease in IQ by 4.3 points, and assumed a 4% risk for 
intellectual disability compared to 2% in the general pop-
ulation. The estimated ORs and respective frequencies in 
deletion carriers for intellectual disabilities, schizophre-
nia, and epilepsy were 1.7 (3.4%), 1.5 (2%), and 3.1 (2.1%), 
respectively.

Nevertheless, the analysis did not indicate an increased 
risk for heart malformations or autism associated with 
the 15q11.2 BP1-BP2 deletion [27]. Further, a recent 
study [28] further supported the association of 15q11.2 
microdeletions with intellectual disability, schizophrenia 
and epilepsy. In the present study, one case of 15q11.2 
BP1-BP2 microdeletion exhibited motor and language 
developmental delay and autism spectrum disorder, 
which is consistent with previous reports.

Because of the incomplete penetrance observed with 
15q11.2 BP1-BP2 microdeletion, prenatal consultation 
poses challenges. Additionally, these deletions are not 
frequently associated with structural abnormalities in the 
fetus. Moreover, neurodevelopmental disorders are not 
effectively detectable during the fetal period. In a previ-
ous study, prenatal diagnosis was conducted in a fetus 
with 15q11.2 BP1-BP2 microdeletion, which revealed 
abnormal ultrasound anomalies such as intrauterine 
growth restriction and pulmonary vein dislocation [29]. 
Another study enrolled 31 fetuses with 15q11.2 BP1-BP2 
microdeletion, among them, 12 cases exhibited abnormal 
prenatal ultrasound results, including fetal malforma-
tions, increased NT, and oligohydramnios, but none of 
them exhibited developmental delay after birth [25]. In 
contrast, a previous study conducted by Chen et al. [30] 
reported that two patients with chromosome 15q11.2 
BP1-BP2 microdeletion exhibited motor, developmental, 
and speech delays, without notable prenatal ultrasound 
findings. Meanwhile, some structural ultrasound anom-
alies observed in the present study may not be directly 
related to the 15q11.2 BP1-BP2 microdeletion. The pedi-
atric patient in the present study, who had motor and lan-
guage developmental delay and ASD, exhibited a normal 
prenatal ultrasound result. In the present study, increased 
NT was commonly observed in the fetuses with 15q11.2 

BP1-BP2 microdeletion. In addition, a previous study 
involving a series of 21 cases with 15q11.2 microdeletion 
similarly reported a high incidence of increased NT dur-
ing the prenatal period [28]. Despite increased NT being 
a non-specific manifestation, it did not show a strong 
predictive effect for 15q11.2 microdeletion after birth in 
the present study. A previous study conducted by Jønch 
et al. [27] indicated that 15q11.2 BP1-BP2 microdeletion 
should be classified as a “pathogenic of mild effect size” 
and may not warrant extensive discussion in develop-
mental clinics or prenatal settings. In a recent study [31] 
outlining guidelines for the application of chromosomal 
microarray analysis in prenatal diagnosis in China, it was 
suggested that CNVs with incomplete penetrance below 
10% would not be reported back to clinicians. Given that 
the 15q11.2 BP1-BP2 microdeletion demonstrates a bor-
derline incomplete penetrance of 10%, the decision to 
report this deletion during the prenatal period requires 
further data analysis and careful discussion.

Whole exome sequencing (WES) technology has also 
been increasingly used for revealing the phenotypi-
cal variability of CNVs detected using CMA [32–34]. 
In the present study, WES was also utilized to explore 
additional sequence variants in a patient with 15q11.2 
BP1-BP2 microdeletion who exhibited abnormal clini-
cal phenotypes. However, none of the detected variants 
sufficiently accounted for the patient’s clinical features. 
Thus, it is plausible that other mechanisms, such as epi-
genetic modifications or genetic variations not captured 
by WES, may be responsible for the variable clinical 
phenotypes observed in patients with 15q11.2 BP1-BP2 
microdeletion.

In conclusion, the present study provides prenatal 
clinical information and postnatal follow-up data for an 
additional 16 cases with 15q11.2 BP1-BP2 microdele-
tions. In the present study, most of the fetuses were born 
without obvious developmental delay or neurological dis-
orders in early childhood. The present findings further 
support the notion of the low penetrance of 15q11.2 BP1-
BP2 microdeletion, corroborating the mild effect associ-
ated with this deletion. However, despite its mild effect, 
15q11.2 BP1-BP2 microdeletion has been implicated in 
susceptibility to various neurodevelopmental disorders, 
such as intellectual disability, schizophrenia and epilepsy. 
Despite the fact that most individuals with 15q11.2 BP1-
BP2 microdeletion present with normal clinical features, 
pregnancies involving this deletion necessitate careful 
prenatal consultation. Strengthened supervision and 
extended follow-up should be implemented if women opt 
to continue their pregnancies.
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