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Abstract
A 15q11.2 microdeletion (BP1-BP2) is associated with congenital heart diseases (CHDs), developmental delay, and
epilepsy. This deletion co-occurs with CHD in 20–30% patients, but a familial case of CHD and a 15q11.2 deletion has not
been identified. Here we report the first familial (three siblings) case of total anomalous pulmonary venous return associated
with 15q11.2 deletion. Array comparative genomic hybridization identified a ~395 kb deletion at 15q11.2 in patient 1. This
deletion was confirmed by fluorescence in situ hybridization in patients 1 and 3 and their asymptomatic father. No
deleterious mutation was identified by proband-only exome sequencing of patient 1. One healthy sibling and their mother did
not carry the deletion. This deletion is often inherited from asymptomatic parents with an estimated low penetrance of
10.4%. Conversely, we observed high penetrance of this deletion, but secondary copy-number variants or pathogenic
variants were not detected in this family.

Introduction

Total anomalous pulmonary venous return (TAPVR) is a
rare, congenital heart malformation characterized by
abnormal drainage of the pulmonary veins. Various genetic
mutations have been associated with TAPVR, including
low penetrant, autosomal dominant variations in PDGFRA,
SEMA3D, and ANKRD1 [1–3]. Several other TAPVR sus-
ceptibility genes have also been identified, including SGCD
and ACVRL1, and genes comprising the retinoic acid sig-
naling pathway, such as RBP5, RDH10, and NODAL [4, 5].
TAPVR accounts for ~1.5% cases of congenital heart dis-
ease (CHD) and although typically occurs without a family

history, there is ~3–5% risk of recurrence in a sibling [6].
Despite more than 42 reported sibling cases of TAPVR [7],
the genetic basis of the disease remains unclear for most
patients.

Microdeletions at 15q11.2 between breakpoint 1 (BP1)
and BP2 are typically ~500 kb in length and have been
associated with CHDs, developmental delay, and epilepsy
[8]. This region encompasses four characterized genes,
TUBGCP5, CYFIP1, NIPA2, and NIPA1. Thus far, two
patients with TAPVR have been reported to carry this
15q11.2 microdeletion [9, 10]. Here, we report the first
familial case of a 15q11.2 deletion and TAPVR.

Clinical reports

Patient 1

Patient 1 was a 10 year-old male and the first child of
nonconsanguineous and healthy 30-year-old parents (Fig.1).
He was delivered at a gestational age 37 weeks and 3 days
after an uneventful pregnancy, with a birth weight of 2486 g
(0.9 SD). An echocardiogram identified type 1a TAPVR
and surgical repair was performed the following day (age
1 day). In terms of gross motor skills, the patient showed a
normal pattern of controlled head movements at 4 months,
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could roll over at 5 months, sit at 7 months, and walk at
17 months. Furthermore, he spoke his first word at
12 months, and started to form two-word sentences at 3
years of the age. The patient later exhibited learning defects
and subsequently required supported learning. At 9 years,
his height was 141 cm (1.6 SD), and his body weight was
26.6 kg (−0.5 SD). A cranial MRI revealed a slight enlar-
gement of the fourth ventricle.

Patient 2

Patient 2 was an 8 month-old female and the second child of
the parents of patient 1 (Fig. 1). She was delivered at
gestational age 38 weeks, with a birth weight of 3066 g
(0 SD), birth length of 49.7 cm (0.3 SD), and occipital
frontal circumference (OFC) of 34.5 cm (0.9 SD). Type 3
TAPVR with pulmonary venous obstruction (PVO) was
diagnosed at 34 weeks gestation by fetal echocardiography.
Consequently, surgical repair was performed immediately
after birth. The patient died of renal failure due to chy-
lothorax at age 8 months.

Patient 3

Patient 3 was a 5 year-old female, the fourth child, and
younger sister of a dizygotic twin pair born to the parents of
patient 1. She was delivered by emergency cesarean section
at gestational age 36 weeks and 3 days because of a risk of
premature delivery. She had a birth weight of 2823 g
(0.4 SD), a birth height of 48.1 cm (0.4 SD), and an OFC of
34.5 cm (1.3 SD). Type 3 TAPVR with PVO was confirmed
at gestational age 31 weeks and surgical repair was per-
formed immediately after birth. By age 4.5 years, she
exhibited a speech delay and normal growth (with a height
of 106.2 cm (0.9 SD) and a weight of 19.05 kg (1.3 SD)).

Results

Karyotyping revealed a normal karyotype for patients 1 and
3. Deleterious mutations in disease-related genes were not

identified by proband-only exome sequencing of patient 1,
and no rare variations (minor allele frequency < 0.01) were
found in the previously reported TAPVR candidate genes,
PDGFRA, ANKRD1/CARP, RBP5, RDH10, NODAL,
SGCD, and ACVRL1. DNA libraries were enriched for
sequences using SureSelect Human All Exon V4 (Agilent
Technologies Inc., Santa Clara, CA). The data were ana-
lyzed using BWA (version 6) and the GATK pipeline
(Broad Institute) as described previously [11]. The mean
sequencing depth was 91.77 per base, and the proportion of
bases covered by at least ten reads was 85.2%.

Array CGH (Agilent SurePrint G3 Human CGH
Microarray Kit 8 × 60 K) in patient 1 revealed a micro-
deletion at 15q11.2 of ~395 kb, spanning from position
22,784,523 to 23,179,948 bp (GRCh37/hg19) (Fig. 2). This
microdeletion was also detected in patient 3. FISH con-
firmed this microdeletion in patients 1 and 3, as well as their
asymptomatic father. The healthy sibling (the third child)
and their mother did not carry this microdeletion.

Discussion

Here we report a case of familial TAPVR, in which two
affected siblings and their asymptomatic father carry a
microdeletion at 15q11.2 (BP1-BP2). CHD is relatively
common in patients carrying a 15q11.2 (BP1-BP2) dele-
tion, affecting 20–30% patients [10, 12]. The various
congenital heart anomalies described include atrial septal
defects, ventricular septal defects, coarctation of the aorta,
teratology of Fallot, complex left sided, and TAPVR [9].
Although >27 patients with CHD and a 15q11.2 deletion
have been identified [8, 10, 12, 13], ours is the first report
of a familial case of TAPVR and 15q11.2 deletion.

TAPVR was evident in two siblings of this family har-
boring the CNV (copy number variation), thus indicating its
high penetrance, which was previously estimated as 10.4%
[14]. We did not detect any secondary CNVs or pathogenic
variants to explain this high level of penetrance; however,
regardless of secondary CNV status, there is no difference
in CHD prevalence in those carrying a 15q11.2 deletion

Fig. 1 Photographic images of
patient 1 (a) and patient 3 (b)
(left). No dysmorphic features
were noted in either patient.
Family pedigree (right)
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[12]. Previous reports suggest that this CNV is often
inherited from asymptomatic parents (52.9%) with no par-
ent sex bias [10]. However, parental study of ten patients
with CHD showed that seven patients inherited the condi-
tion from the paternal line, only one patient inherited the
condition from the maternal line, and two patients had de
novo CNVs [8, 10, 13]. A “parent-of-origin” effect may
thus contribute to the occurrence of CHD. In Prader–Willi
syndrome (PWS) resulting from the paternal BP1 (or BP2)
–BP3 deletion or maternal uniparental disomy, CHDs were
also frequent (in 4.4% of the patients) [15]. Although four
RefSeq genes located in the BP1-BP2 were not imprinted
[16], it is possible that the loss of function of genes located
in the BP1-BP2 may affect the expression of paternally
expressed genes located in PWS responsible region.

In conclusion, we have identified a 15q11.2 deletion in
two of three siblings with TAPVR and speech or learning
disorder. The secondary contributing factors predisposing to
TAPVR and thus leading to the high penetrance observed in
this family remain unclear.
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