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Abstract

Background: Partial trisomy is often the result of an unbalanced segregation of a parental balanced translocation.
Partial trisomy16q is characterized by a common, yet non-specific group of craniofacial dysmorphic features, and
systemic malformations with limited post-natal survival. Most of the cases of partial trisomy 16q described in the
scientific literature have reported only one, or less frequently two cardiac defects in the affected babies. Herein, we
report a case of partial trisomy 16q21➔qter with multiple and complex cardiac defects that have not previously
been reported in association with this condition.

Case presentation: We report the phenotypic and cytogenetic features of a Sri Lankan female infant with partial
trisomy 16q21➔qter. The baby had a triangular face with downslanting eyes, low set ears and a cleft palate. Systemic
abnormalities included multiple cardiac defects, namely double outlet right ventricle, ostium secundum atrial septal
defect, mild pulmonary stenosis, small patent ductus arteriosus, and bilateral superior vena cavae. An anteriorly placed
anus was also observed. The proband was trisomic for 16q21➔qter chromosomal region with a karyotype, 46,XX,der(15)
t(15;16)(p13;q21)mat. The chromosomal anomaly was the result of an unbalanced segregation of a maternal balanced
translocation; 46,XX,t(15;16)(p13;q21). Partial trisomy 16q was established by fluorescence in-situ hybridization analysis.

Conclusions: The craniofacial dysmorphic features and the presence of cardiac and anorectal malformation in
the proband are consistent with the phenotypic spectrum of partial trisomy 16q reported in the scientific literature.
More proximal breakpoints in chromosome 16q are known to be associated with multiple cardiac abnormalities and
poor long-term survival of affected cases. This report presents a unique case with multiple, complex cardiac defects
that have not previously been described in association with a distal breakpoint in 16q. These findings have important
diagnostic and prognostic implications.
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Background
Trisomy 16 is reported to be the most frequent trisomy
detected in first trimester spontaneous abortions [1, 2].
Few cases have also been reported in second and third
trimesters. Among them, some are confined to the pla-
centa [3]. The range of trisomy 16 varies from full tri-
somy [4, 5], to mosaics [6–8], to partial trisomy of 16p
[9] or 16q [10]. Full trisomy 16 almost always leads to
spontaneous abortion and most of the babies with partial
trisomy 16 suffer from congenital abnormalities with
limited post-natal survival. Partial trisomy 16 often re-
sults from an unbalanced segregation of a parental bal-
anced translocation. Most of these cases were reported

in newborns. In few cases, prenatal ultrasonography
showed gross fetal anomalies and prenatal diagnosis of
partial trisomy 16 was done by cytogenetic studies [11].
The commonly reported clinical features of partial tri-
somy of the long arm of chromosome 16 were low birth
weight, hypotonia, failure to thrive, psychomotor retard-
ation, periorbital oedema, high prominent forehead,
microcephaly, low set ears, flat nasal bridge, small and
downslanting palpebral fissures, micrognathia, hyperte-
lorism, long philtrum, and posterior cleft palate. Sys-
temic abnormalities such as congenital heart defects,
renal abnormalities, lung abnormalities and gall bladder
agenesis were also reported [12]. More specifically, in

Fig. 1 Karyograms of the proband and her mother. a The proband’s karyogram showing the karyotype, 46,XX,der(15)t(15;16)(p13;q21)mat. b The
proband’s mother’s karyogram showing the karyotype, 46,XX,t(15;16)(p13;q21)
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patients with trisomy of the distal segment of the long
arm of chromosome 16, the cardiac defects were
uncommon [13–17]. These patients survived longer, ex-
cept one patient [14] who died 22 days after birth des-
pite the absence of cardiac defects or other systemic
abnormalities. Anorectal anomalies [15] and skeletal de-
fects [13, 14, 17] were also reported in some of the cases
with terminal 16q duplication. Common dysmorphic
features observed in these patients include small and
downslanting palpebral features, hypertelorism, low set
ears and flat nasal bridge. [13–17]. The absence of a spe-
cific group of dysmorphic features and systemic abnor-
malities makes the clinical diagnosis of this condition
difficult. Herein, we present the case of an infant with a
karyotype of 46,XX,der(15)t(15;16)(p13;q21)mat with
craniofacial dysmorphism, an anteriorly placed anus, and
multiple congenital cardiac defects that have not previ-
ously been reported in association with this condition.

Case presentation
The proband was referred for genetic evaluation due to
multiple congenital abnormalities at the age of 24 days.
She was born to a non-consanguineous couple, a
34-year-old father and a 32-year-old mother who gave a
history of a previous first trimester miscarriage and a
neonatal death soon after birth due to congenital cardiac
defects. Karyotyping and autopsy of the deceased neo-
nate were not done. No further clinical records of the
previous pregnancies were available.
There were no antenatal complications during the

third pregnancy. Premature rupture of membranes oc-
curred at 33 weeks of gestation resulting in pre-term de-
livery. The proband’s weight was below the 5th centile

(1230 g) while the length (42 cm) and the head circum-
ference (28 cm) were below the 50th percentile at birth.
Physical examination showed a triangular face with small
and downslanting palpebral fissures, low set ears, cleft pal-
ate and an anteriorly placed anus. She had a murmur on
auscultation. Hypotonia was noted on neurological exam-
ination. 2D–echocardiography showed a double outlet
right ventricle, ostium secundum atrial septal defect, mild
pulmonary stenosis, small patent ductus arteriosus, and
bilateral superior vena cavae. Global developmental delay
and failure to thrive were noted on follow up and
physiotherapy was arranged. She died at the age of
10 months due to complications arising from multiple
cardiac defects.
Blood from the proband, and her parents were ob-

tained for karyotyping after obtaining written informed
consent. Initially the proband was tested. The parents
were tested after detection of the derivative chromosome
15 in the proband, to find out whether one of them was
a balanced translocation carrier. Metaphase cell prepar-
ation was obtained from 72 h’ culture of phytohaem-
agglutinin stimulated lymphocytes in PB-MAX culture
media [Invitrogen]. The cells were analysed after GTG
banding. The proband’s karyotype was 46,XX,der(15)
t(15;16)(p13;q21)mat (Fig. 1a). Her mother’s karyotype
was 46,XX,t(15;16)(p13;q21) (Fig. 1b) and her father’s
karyotype was 46,XY. Thus, the proband was trisomic
for 16q21➔qter due to an unbalanced segregation of a
maternally inherited balanced translocation.
Further analysis of the structural chromosomal re-

arrangement in the proband was done using fluorescent
in-situ hybridization (FISH) technique on interphase
chromosomes using locus specific probes for 16p13 in-
cluding the MYH11 gene (spectrum green) and 16q22

Fig. 2 FISH analysis on interphase chromosomes of the proband. a) FISH image of the proband showing two hybridization signals on 16p13 region
(green) and three hybridization signals on 16q22 region (red). b) Ideogram of the chromosome 16 indicating the hybridization points of the FISH
probes, 16p13 including the MYH11 gene (spectrum green) and 16q22 including the CBFB gene (spectrum red) (Metasystems, Altlussheim, Germany).
c) Partial karyogram of the proband indicating the hybridization points in the two chromosomes 16 and the derivative chromosome 15
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including the CBFB gene (spectrum red) [Metasystems,
Altlussheim, Germany]. FISH analysis showed normal
(two) hybridization signals for 16p13. A total of three
hybridization signals for 16q22 region was seen in each
cell in interphase preparation, indicating that the break-
point in the chromosome 16 is proximal to the CBFB
gene (16q22) locus (Fig. 2). This finding supported the
karyotype result which showed trisomy for 16q21➔qter.
Further demarcation of the chromosomal breakpoint
and delineation of the duplicated segment of the long
arm of chromosome 16 could not be done, because the
required technology such as microarray based compara-
tive genomic hybridization (array-CGH) has not yet been
established at our centre.

Discussion
The cytogenetic studies of the proband showed trisomy
16q21➔qter. The distal fragile site of the long arm of
chromosome 16 is commonly reported to be located
between 16q21 and 16q22, as observed in our case [18–
20]. Table 1 describes the cytogenetic and phenotypic
data of the proband in comparison with previously re-
ported cases with trisomy 16q [10, 13–17, 21–25]. Most
of the affected children had abnormal, yet non-specific
craniofacial features with flat nasal bridge, small and
downslanting palpebral fissures and low set ears which
were also observed in the present case. High arched
palate [15, 17, 23, 24] and ear malformations [14, 16,
17, 23, 24] were commonly reported in previous cases.
The proband also had a cleft palate which was reported
in only one previous case of trisomy 16q [24]. Anorec-
tal malformations, which were present in the proband
were also reported in two previous cases in the pub-
lished literature [15, 24]. Skeletal abnormalities and
limb defects, although reported commonly in previous
reports, were not observed in the proband. More not-
ably, all the male children in the cases reviewed were
found to have hypoplastic or ambiguous external geni-
talia [10, 13, 14, 23, 25].
Analysis of the published data showed that majority of

the patients with trisomy 16q had congenital heart de-
fects, commonly atrial septal defect (ASD), ventricular
septal defect (VSD) or patent ductus arteriosus (PDA).
Hatanaka et al. [24] and Paladini et al. [25] reported
cases with multiple cardiac defects that included ASD
and PDA in the former, and ASD, VSD and coarctation
of aorta in the latter. Both these patients had a large tri-
somic segment of the long arm of chromosome 16 with
a proximal breakpoint at q13 and q12.1, respectively.
The present case had multiple and complex set of car-
diac abnormalities that included ASD, PDA, pulmonary
stenosis, double outlet right ventricle, and bilateral su-
perior vena cavae. To the best of our knowledge, none
of the previously reported cases of partial trisomy of the

distal segment of the long arm of chromosome 16 had
multiple congenital cardiac defects as seen in this case.
The trisomic segment of chromosome 16q in the

present case is known to contain the Forkhead box F1
(FOXF1) gene at 16q24 locus. This gene plays a role in
the regulation of pulmonary genes as well as embryonic
development of the fetus [NCBI; Gene ID 2294].
Mutations in this gene are known to be associated with
alveolar capillary dysplasia with misalignment of pul-
monary vein (ACDMPV) [OMIM:601,089]. Right to left
shunt via the foramen ovale or ductus arteriosus, atrial
septal defect, alveolar capillary dysplasia, malposition of
pulmonary vessels and neonatal pulmonary hypertension
are common findings in ACDMPV [OMIM:265,380].
Another gene, Forkhead box protein C2 (FOXC2) is
located at 16q24.1 locus [NCBI; Gene ID 2303].
Mutations in this gene cause Lymphedema-distichiasis
[OMIM:602,402]. Congenital heart defects, that include
tetralogy of Fallot, ventricular septal defect and patent
ductus arteriosus are common findings in this syndrome
[OMIM:153,400]. However, the effect of the dosage im-
balance of these genes caused by partial trisomy 16q has
not been clearly described.
The analysis of reported cases with trisomy 16q shows

that patients with a longer trisomic segment tend to
have shorter survival and a higher incidence of congeni-
tal heart defects than those who were trisomic for the
distal half of the long arm [10, 13–17, 21–25]. In our
case, although the duplicated segment was present in
the distal half, the proband had multiple congenital car-
diac defects. These findings signify the importance of
this case and highlights the need for further clinical and
molecular genetic evaluation of the cases with partial tri-
somy 16q.

Conclusions
In conclusion, partial trisomy 16q21→ qter is character-
ized by a common yet nonspecific group of craniofacial
dysmorphism and congenital anomalies. This report pro-
vides further evidence to highlight the association of this
cytogenetic abnormality with a wide variety of congenital
cardiac defects with important diagnostic and prognostic
implications. Comprehensive cardiac assessment of these
babies should be done early in life and prior to any cor-
rective surgical procedures for other abnormalities, be-
cause the presence of cardiac abnormalities is known to
be associated with poor survival. Additional genetic
studies are required to identify the precise cytogenetic
and molecular genetic defect in these patients in order
to better elucidate the genotype-phenotype correlation.

Abbreviations
ACDMPV: Alveolar capillary dysplasia with misalignment of pulmonary vein;
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