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Abstract

Trisomy 16 is the most common autosomal trisomy in humans which is almost uniformly
embryonic lethal. Partial trisomy 16 including a segment of the long arm of chromosome 16

is occasionally compatible with life and has been associated with severe congenital defects, growth
retardation, and early lethality. Segmental trisomy of 16q is usually described concomitantly with
partial monosomy of another chromosome, often resulting from a parental balanced translocation.
Pure partial chromosome 16q trisomy is exceedingly rare, with 16q12—qter and 16q13—qter
duplication reported in only nine cases in the literature, almost all described with monosomy of

a second chromosome, and highlighting very few long-term survivors. A single report of pure
partial distal 16912.1923.3 duplication has been reported in an infant, underscoring complexities
of genetic counseling and management, especially in view of life-limiting congenital anomalies
in rare survivors. Here we present a 12-month old child with pure 16912.2¢24.3 trisomy, having
continued morbidity related to pulmonary hypertension and chronic lung disease. The features

of intrauterine growth retardation, facial dysmorphism, hypotonia, congenital heart defect, distal
contractures, urogenital abnormalities, and hearing loss support the association with 16q partial
trisomy, as in previous studies. This report expands our current understanding related to the
survival of infants with large segmental aneusomy of the long arm of chromosome 16.
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INTRODUCTION

Trisomy 16 is the most common karyotype abnormality found in spontaneous abortions
in the first trimester, and is estimated to occur in 1% of all human conceptions (Gardner
& Amor, 2018). Fully trisomic fetuses survive, on average, up to 10t week of gestation
(Roberts & Duckett, 1978), and rarely beyond the first trimester, recognized mainly as
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empty sacs or very disorganized embryos (Yancey, Hardin, Pacheco, Kuslich, & Donlon,
1996). Exceptionally rare reports of survival into the second or third trimester of these
conceptuses indicate severe abnormalities that are incompatible with postnatal survival,
including complex cardiac defects, small thoracic cavity, skeletal deformity, diaphragmatic
defects, imperforate anus, renal dysplasia, and severe growth retardation (Cusick et al.,
1995; Yancey et al., 1996). Partial trisomy 16 including a large segment of the long

arm of chromosome 16 is often associated with similar severe congenital anomalies

and early lethality. It is postulated that trisomy of the long arm is responsible for the
lethality associated with trisomy 16 (Garau, Crisponi, Peretti, Vanni, & Zuffardi, 1980), as
duplication of the large segment of the long arm of chromosome 16 consistently results in
early postnatal death (Schinzel, 2001), as opposed to trisomy of 16p (Jalal, Day, Garcia,
Benjamin, & Rogers, 1989; Rochat, Riegel, & Schinzel, 2007). Earlier description of
partial trisomy 16q revealed growth retardation, congenital heart defects, and infantile death
(Roberts & Duckett, 1978), while more recent reviews added hypotonia, joint contractures,
ambiguous genitalia, and anorectal malformations to the spectrum of anomalies (Laus et
al., 2012; Mishra et al., 2018). While long-term survival reports assist in prognostication
of liveborn infants with duplication of the terminal region of 16q (16g21—qter) to guide
management and provide counseling regarding invasive life-prolonging procedures for

the severely affected infants, such data are currently lacking for pure partial trisomy 16
involving the large 16q12—qter and 16q13—qter segments, without concurrent partial
autosomal monosomy. We are aware of only one pure 16g12.1g23.3 (interstitial) duplication
in a surviving 8-month old infant with developmental delay, dysmorphic features, and
hearing loss (Turkyilmaz & Yarali, 2020). Herein, we present an individual with partial
trisomy 16q12.2—qter, who is currently alive at 12 months with multiple morbidities. Our
patient represents ‘pure’ partial trisomy of a large segment of 16q and provides insight into
the postnatal considerations and complexities of genetic counseling related to prognosis of
this rare chromosomal abnormality.

CASE REPORT

The fetus was brought to medical attention prenatally at 26 weeks of gestation with
abnormal ultrasound scan. The mother was a healthy gravida 2, para 1, 28-year old

Hispanic female, with a previously healthy 7-year old daughter. Family history was

negative for congenital defects or miscarriages. Prenatal ultrasound demonstrated severe
intrauterine growth restriction (IUGR), flattened nose/nasal bridge with effaced nares, mild
retromicrognathia, subjective transverse narrowing of the bony palate, cyst along right

side of the neck, diffuse cardiomegaly with small left ventricular outflow tract, tortuous
umbilical vessels deep in the umbilical insertion, and placentomegaly. Fetal echocardiogram
performed at 28 weeks of gestation was within normal limits. Fetal magnetic resonance
imaging (MRI) showed a thick placenta, significant dolicocephaly, mild retrognathia, small
palate, flattened nasal bridge, deviation of the nasal septum to the right with effacement

of the majority of the right nasal cavity, branchial cleft cyst, normal brain parenchyma,
cardiomegaly with dysmorphic appearance to the heart with the left ventricular outflow track
not well delineated, and severe IUGR (<1%).
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The male infant was delivered at 35 weeks of gestation via caesarian section for non-
reassuring fetal heart rate. His Apgar scores were 8 and 8 at 1 and 5 minutes of life,
respectively. Birthweight was 1765 grams (which corresponded to the 2.5 centile on the
Fenton preterm scale, with a Z score of —2.0), length was 42 cm (3.4 centile, Z score

of —1.8) and frontal-occipital circumference (FOC) was 30 cm (6.6 centile, Z score of
-1.5). Assessment on day of life one revealed a diffusely hypotonic infant, with thin
facies, periorbital fullness, narrow downslanting palpebral fissures, large bulbous nose,
long philtrum with thin upper lip, small mouth without clefting, excess nuchal skin, small
ears, widely spaced nipples, contractures of the distal extremities with limited range of
motion (most noticeable in the proximal interphalangeal joints), bilateral clinodactyly of
the 4th and 5th digits, overlapping toes, rocker-bottom deformities, scaphoid abdomen,
micropenis, and undescended right testis (Figure 1). The infant required continuous positive
airway pressure (CPAP) and oxygen supplementation via high flow nasal cannula until

he was 5 weeks old (chronologically 40 5/7 weeks). He had feeding difficulties from the
beginning and was dependent on nasogastric tube feeding. Swallow study showed silent
aspiration and oropharyngeal dysphagia. Additional abnormalities included right choanal
stenosis with nasal synechiae and bilateral severe hearing loss. He also had right sided
grade 111 vesicoureteral reflux (VUR) with intrarenal reflux and left cystic dysplasia of
the kidney. Renal function studies were normal. Ophthalmological evaluation revealed
bilateral hyperopia and intermittent left exotropia. Head ultrasound showed no evidence
of intraventricular hemorrhage. Postnatal echocardiogram showed moderately dilated right
atrium and hypertrophied right ventricle with large atrial septal defect (ASD), large patent
ductus arterioisus (PDA), and moderate hypoplasia of the proximal descending aorta.
Palliative care service was involved for support since his birth. The parents opted to
pursue aggressive intervention for his care. At 7 months of age, he underwent cardiac
catheterization which indicated right ventricular pressure to be 80-86% systemic pulmonary
hypertension. Stenosis of the common left pulmonary vein was seen, which was stented.
The moderate ASD was also closed, with a small residual shunt post ASD closure. The
inferior vena cava was noted to be diffusely hypoplastic throughout its course. Serial
chest x-rays showed pulmonary edema which was treated with furosemide. Gastrotomy
tube was placed at 8 months of age which resulted in improved weight gain (5% centile
for age), but his length and head circumference continued to be below the first centile.
Over the course of one year, he had several other surgical procedures including placement
of pressure equalizing tubes (PETS), repair of inguinal hernia, and orchiopexy, and had
multiple hospitalizations due to respiratory failure, pulmonary hypertension, and urinary
tract infections.

From the developmental perspective, he was able to smile at 1 month of age and coo at

4 months of age. By 5 months, he was able to lift his head when prone and move from

side to side when lying supine at 5 months. He was not able to roll in either direction. On
direct developmental assessment at chronological age of 5 months (corrected age, 4 months),
his gross motor skills were at about 1 month old level (severe-to-profound delay), his
visual-motor problem solving skills appeared most secure at a 1.3 month old level (severe
delay), and his overall language skills were at a 1.5 month old level (severe delay). At 10

Am J Med Genet A. Author manuscript; available in PMC 2022 May 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Manor et al. Page 4

months of age, his motor developmental assessment showed ability to partially roll, grab
toys, and sit without assistance for few seconds.

METHODOLOGY

Editorial Policies and Ethical Considerations

Written informed consent was obtained from the patient’s mother and the child was enrolled
in a research study approved by an institutional review board (IRB). This study conforms to
all ethical standards as put forthby our institution and international.

Data acquisition and analysis

Amniocentesis was performed and cytogenetic studies using G-banding at a resolution level
of 500 bands were completed. A total of 20 metaphases were analyzed. In addition, the
fetal DNA was studied by V8.3 chromosomal microarray analysis (CMA) designed by
Baylor Genetics Laboratories and manufactured by Agilent Technology (Santa Clara, CA,
USA). The 400k array targeted over 1,900 genes at the exon level and included 60,000
probes used for SNP analysis for the detection of uniparental disomy (UPD) and absence
of heterozygosity (AOH). DNA was extracted by the Puregene DNA Blood Kit (Gentra)
according to the manufacturer’s instructions. The procedures for DNA digestion, labeling,
and hybridization for the oligo arrays were performed according to the manufacturers’
instructions (Cheung et al., 2005). Data analyses were performed using an in-house
developed pipeline (Gambin et al., 2017).

RESULTS

Prenatal karyotype study showed 46,XY,der(22)t(16;22)(q13;p11.2), indicating a derivative
chromosome 22 arising from an unbalanced translocation between the long arm of
chromosome 16 and the short arm of chromosome 22, resulting in trisomy for the
16013-16024.3 region (Figure 1). CMA indicated a large copy number gain of 33.5

million base pairs (Mb) on 16gq12.2g24.3 encompassing ~350 Refseq genes without any
loss of euchromatin on chromosome 22. In addition, the infant was found to have a
paternally inherited 10 kb loss on 11922.3, including multiple exons of A7M. Maternal
karyotype analysis showed 46,XX,t(16;22)(q13;p11.2), with a reciprocal translocation
between chromosomes 16 and 22 at bands 16q13 and 22p11.2.

DISCUSSION

It has long been considered that duplication of the long arm of chromosome 16 is
responsible for the embryonic lethality associated with trisomy 16. Despite being a common
cause of fetal loss, very little is known about the cause of early developmental failure of
embryos and the critical genes on 16g11.2924.3 that regulate growth and cellular processes.
Compared to trisomy 21, 18 and 13, there is evidently less tolerance for surplus gene
dosage in trisomy 16, but the molecular basis of failure of the developmental processes in
the most common autosomal trisomy underlying spontaneous abortions remains unknown.
Increased protein expression particularly for genes that are dosage sensitive may play a role,
along with several other factors such as DNA damage and proteotoxic stress in aneuploid
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cells (Passerini et al., 2016). Chromosome 16 is ~90 million base pairs in length with an
estimated 880 protein-coding genes. Our patient’s 16q duplication comprises of ~33 Mb
encompassing ~350 genes, some of which are ascertained to be dosage sensitive, including
FOXF1 (MIM #01089) (Sen et al., 2013), CTCF (MIM #04167) (Konrad et al., 2019),
and CBFB (MIM #121360) (Talebian et al., 2007). It remains to be seen if overexpression
of such dosage sensitive genes critically disrupts embryogenesis or major developmental
processes in partial trisomy 164.

The general prognosis for survivors of larger partial trisomy 16 remains poor, however,
exceptions exist. The longest reported survival with a trisomy of similar length
(16g13—qter) as in our patient was 31 months (see table 1). Survival to 3% years
(Balestrazzi, Giovannelli, Landucci Rubini, & Dallapiccola, 1979) and 7 years (de Carvalho
et al., 2010) have been reported in patients with more distal 16g21—qter trisomy. Survival
in long segment partial trisomy 16 is inevitably dependent upon close follow up by
multidisciplinary team, assisted respiratory support, enteral/parenteral feeding devices,
intensive rehabilitation therapy, and invasive procedures intense therapies. Our patient is
currently 12 months old, with multiple morbidities including atrial septal defect s/p device
closure, hypoplastic aortic arch, pulmonary vein stenosis, pulmonary hypertension, chronic
kidney disease with cystic dysplasia of right kidney, oropharyngeal dysphagia, gastric tube
dependence, and global developmental delay. He has had recurrent hospitalizations (at a
frequency of about once a month) secondary to respiratory and urinary tract infections. At
10 months, we estimated his motor development to be at 4 months, with profound delays
in fine motor, language and visual-motor problem solving skills. He is closely followed

by a complex care team and receives home nursing services. Our patient’s ASD was

closed by patched delivered by a catheter. Poor cardiopulmonary reserve may limit cardiac
intervention options for more complex lesions. Congenital heart defects are unfortunately
observed in over half of all children reported with variable segmental trisomy of 16q.
Septal defects, coarctation of the aorta (CoA), hypoplastic aortic arch, hypoplastic left heart,
dysplastic valves, and double outlet right ventricle have all been observed. Given that there
are minimal reports of long term survival for 16q12.2—16qter trisomy, genetic counseling
regarding prognosis remains challenging. Similar to trisomy 18 and 13 (Kaulfus et al.,
2019), parents, neonatologists, cardiologists, genetic counselors, geneticists, and palliative
care team should all be involved in decisions pertaining to surgical intervention in these
children for long-term survival.

The clinical features in the patient presented here are comparable with the previously
reported findings for large segment 16q trisomies. Our data, similarly to earlier reports
(Bacino, Lee, Spikes, & Shaffer, 1999; Chen et al., 2016; de Carvalho et al., 2010; Dikmetas
etal., 2012; Laus et al., 2012; Mishra et al., 2018; Papadopoulou et al., 2017; Pérez-Castillo,
Martin-Lucas, & Abrisqueta, 1990; Yamada et al., 2009; Yue et al., 2019), show a near
universal presence of hypotonia, IUGR, characteristic facial dysmorphism (small palpebral
fissures, periorbital fullness, bulbous nose with flat nasal bridge, retrognathia), dysplastic
ears, and high incidence of limb contractures, genitourinary anomalies, and congenital

heart defects (table 1). Comparing longer partial trisomies (table 2, 16q11—qter and
16921—qter) to more distal partial trisomies (16q22—qter and 16g24—qter), we found
similar frequency of IUGR, hypotonia (both 50-70%), ear dysplasia (70 to 90%) and
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facial characteristics (smooth philtrum, thin upper lip and microgranthia) (table 1). The
distal trisomies have relatively lower frequency of cryptorchidism and limb contractures
(30% compared to 65%), and slightly reduced frequency of congenital heart defects

(50% compared to 70%). Brisset et al. (Brisset et al., 2002) reviewing 25 patients with
partial trisomy 16q and 3 individuals with interstitial 16q duplications, found abnormal
behavior (self-destructive) in patients sharing duplication of the 16q11 - 16913 region,
also corroborated by Fryns et al (Fryns, Kleczkowska, Decock, & Van den Berghe, 1990),
showing no dysmorphism associated with “proximal” interstitial duplication. However, more
recent reports describe intellectual disability, abnormal behavior, and severe neurological
manifestations in an “intermediate” (16¢g21) (Lonardo et al., 2011) and two “distal”
(16q24.1) (Gardner & Amor, 2018) interstitial duplications. Gall bladder agenesis and gut
malrotation that were initially reported only in partial trisomy of 16q11-21—qter (Brisset
et al., 2002; Laus et al., 2012; Mishra et al., 2018), were both reported also with interstitial
duplication of 16q24.1 (Dharmadhikari et al., 2014), thus confounding more than a few
attempts at mapping loci-specific phenotype associations.

To conclude, we present here a second infant with pure trisomy 16q12.2—qter without
concurrent monosomy of a second chromosome, with a phenotype that resembles the
previously reported features and survival up to 12 months with continued medical and
surgical intervention. This report broadens the existing data regarding long-term survival
for partial trisomy16 of this size and provides a useful source for genetic counseling and
management of survivors of this rare chromosomal abnormality.
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Figure 1: Dysmorphic features associated with 16q12.2q24.3 partial trisomy, observed at 1 day
(A) and 5 months of age (B).

A — Large inset shows periorbital fullness, narrow palpebral fissure, bulbous nose, long
philtrum, thin upper lip, and flattened mildly low set ears. Upper small inset shows
overlapping of the 4™ finger over the 2" and 3", lower inset shows scaphoid abdomen
along with wide neck. B — Large inset shows myopathic facies with narrow downslanting
palpebral fissures, long philtrum and thin upper lip, along with high forehead, and wide
neck; lower inset shows persisting camptodactyly.
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Figure 2. Chromosomal microarray analysis (CMA) showing gain of long arm of chromosome 16
consistent with 16q duplication.

(A) Array CGH plot of the proband showing the copy number gain of 16q12.2q24.3 with
magnified view of copy number gain on chromosome 16. (B) depicts partial high resolution
chromosome analysis, with derivative chromosome 22, with an extra copy of 16q12.2—qter
attached to 22p11.2. (C) Maternal chromosome analysis showing the reciprocal translocation
between chromosomes 16 and 22.
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Table 2.
Prevalence of common featuresfound in partial trisomy 16 involving most of the long

chromosomal arm.

Cases include trisomy of 16q11—qter to 16g21—qter. References per table 1.

Feature prevalence

Dysplastic/low set ears | 93%
IUGR/LBW | 70%

Prominent forehead | 70%

Congenital heart defect | 70%
Contractures | 67%

Clinodactyly | 67%

Cryptorchidism / ambiguous genitalia | 65%
Micrognathia | 63%

Downslanting palpebral fissures | 59%
Hypotonia | 56%

Thin upper lip | 48%

High arched palate | 48%
Short/webbed neck | 48%

Smooth philtrum | 41%

Micropenis | 33%

Overlying fingers | 30%

Anteriorly placed anus | 19%

CNS malformations | 19%

Gallbladder agenesis | 15%
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