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ABSTRACT

INTRODUCTION

Trisomy 16 is the most common type of autosomal
trisomy associated with spontaneous abortion and is in-
compatible with life. Upon examining previously reported
cases of partial chromosome 16q duplication, it was noted
that the majority of cases had complex chromosomal ab-
normalities due to parental balanced chromosomal trans-
location carriage. The clinical presentation of very rare
pure partial trisomy 16q cases was associated with con-
genital anomalies, facial dysmorphic findings and intel-
lectual disability. In this study, we evaluated the physical
characteristics and genetic data of an 8-month-old girl
with developmental delay and facial dysmorphic features.
Dysmorphic features including prominent metopic suture,
synophrys, asymmetric head shape, triangular and asym-
metric face, telecanthus, epicanthal folds, down-slanting
palpebral fissures, microphthalmia of the left eye, an-
teverted nares, smooth and tented philtrum, microretrog-
nathia, low-set posteriorly rotated ears, auricular pits, high-
arched palate, thin upper lip and hypotonia were recorded.
Her karyotype was 46,XX,add(16)(q24). To identify the
extension of the duplicated section, array comparative
genomic hybridization (aCGH) analysis was performed,
which showed a de novo 29.8 Mb duplication [arr[hg19]
16q12.1¢23.3(52459169-82285105) x 3], interpreted to
be pathogenic. We present this case report to clarify the
clinical findings of a rare chromosomal anomaly, discuss
the genes that may be related to the phenotype and advance
the literature in terms of knowledge regarding genotype-
phenotype correlation.
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Trisomy 16 is the most common type of autoso-
mal trisomy associated with spontaneous abortion and
is incompatible with life [1]. Among previously reported
cases of partial chromosome 16q duplication, the major-
ity presented complex chromosomal abnormalities due to
parental balanced chromosomal translocation carriage [2].
The clinical presentation of very rare pure partial trisomy
164 cases was associated with congenital anomalies, facial
dysmorphic findings and intellectual disability [3]. To the
best of our knowledge, 22 pure partial trisomy 16q cases
have been described in the literature so far (Table 1).

Case Report. In this study, we evaluated the physi-
cal characteristics and genetic data of an 8-month-old girl
with developmental delay and facial dysmorphic features.
She was born as the fourth child by Cesarean section to
healthy non consanguineous parents at 33 weeks’ gesta-
tion because of intrauterine growth retardation and fetal
distress. At birth, her weight was 1000 g [-5.89 standard
deviation score (SDS)], her length was 40 cm (-4.47 SDS)
and her head circumference was 30 cm (-3.33 SDS). She
was cared for in an incubator for 3 months due to respira-
tory distress and necrotising enterocolitis. At the age of 8
months, she weighed 4000 g (-5.55 SDS), was 60 cm in
height (-3.6 SDS) and had a head circumference of 36.5
cm (-5.64 SDS). Dysmorphic features included prominent
metopic suture, synophrys, asymmetric head shape, trian-
gular and asymmetric face, telecanthus, epicanthal folds,
down-slanting palpebral fissures, microphthalmia of the
left eye, anteverted nares, smooth and tented philtrum,
microretrognathia, low-set posteriorly rotated ears, auricu-
lar pits, high-arched palate, thin upper lip and hypotonia
(Figure 1). She had a history of a single febrile seizure. At
the age of 8 months, she was not able to babble or sit inde-
pendently. Her echocardiography, urinary ultrasonography
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Table 1. Clinical features of previously reported pure partial trisomy 16q cases in the literature and in our patient.
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References [5] [6] [6] [6] [7] [1] [8] [2] ] B] [10] {[i] ;‘t‘.',iiL
Gender F M MMMM [ M;M:F M F F F F F M F F
Age (years) 3 5 5.3:3:32:32 19.5:5:39  |NR 2 5 35 26 7 10 0 0
Growth retardation| [-] [-1 NR 2/3 NR [-1 - - [+] [+] [+] NR [+]
Intellectual

disability. AR 1 G K 33 RN |+ [F | 8 N 5 1 5 I N U &
Micro-cephaly - NR NR - NR [-] [+] [-1 [-1 [-1 [-] NR [+
Behavioral

problems [+ [+] NR 2/3 NR NR [+] [+] [+] NR [+] NR NR
Epilepsy [ NR NR NR NR [-] [-] [-] NR [+] [+] NR -
Speech delay [+] [+] 2/4 2/3 NR [+] [+] [+] [*+] NR [+] NR [+]
Obesity TR 33 NEEEEE NR [NR [NR [NR [
Dysmorphic .

T | |WR H NROOJEL (M B | [NR |
Ear anomalies [+] NR NR NR NR [+] NR [+] = [ [+] NR [+
Eye anomalies [-1 [+] NR 2/3 NR [+] [+] [+] [ [+] [ NR [+]
Skeletal anomalies | [+] [+] NR 3/3 NR [+] - [+ [+] NR [+] [+ I
Heart defects [-] [+] -] [-] NR - |[H] -] -] NR [ -] -
Urogenital

anomalies [ [NR |NR NR NR|[] -] -] NR [ -] o |H
CNV anomalies | [-] NR NR NR NR [-1 [-1 [-1 NR [+] [+] NR [-1

Prx. D.: proximal duplication; Prx-Inter. D.: proximal intermediate duplication; Inter-Dis. D.: intermediate distal duplication;
Prx-Dis. D.: proximal-distal duplication; Conv. Cyto.: conventional cytogenetic; FISH: fluorescence in situ hybridization;
SNP: single nucleotide polymorphism; aCGH: array comparative genomic hybridization; F: female; M: male; NR: not reported;

CNV: central nervous system.

Figure 1. The patient’s pictures at the age of 8§ months.
(written informed consent was obtained from the patient’s parents
for publication of proband’s)

and brain magnetic resonance imaging (MRI) findings
were normal. During her hearing examination, bilateral
sensorineural hearing loss was detected.
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METHODS

Chromosome analysis was conducted from periph-
eral blood lymphocytes derived from the patient, and the
analysis of GTG-banded chromosomes was performed
according to standard procedures. To identify the exten-
sion of the duplicated section, array comparative genomic
hybridisation (aCGH) analysis was performed. First, 400
uL of peripheral venous blood was drawn into EDTA va-
cutainers. Then, genomic DNA was extracted from the
peripheral venous blood using the QIAamp® DNA Mini
Kit (Qiagen GmbH, Hilden, Germany). The detection of
genomic copy number variations (CNVs) was performed
with Affymetrix CytoScan Optima 315 K arrays (Thermo
Fisher Scientific, Waltham, MA, USA), following the man-
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ufacturer’s instructions. Array results were visualized and
evaluated using the Chromosome Analysis Suite version
3.2.0 software program (Thermo Fisher Scientific).

RESULTS

The patient’s routine hematological, biochemical
and blood gas analysis results were normal. Outcomes of
metabolic tests including tandem mass spectrometry (MS/
MS) together with plasma amino acid, urine organic acid,
lysosomal enzyme panel and very-long-chain fatty acid find-
ings, were all normal. Her karyotype (450-band level) was
46,XX,add(16)(q24) (Figure 2). The aCGH analysis showed
a29.8 Mb duplication [arr[hg19]16q12.1¢23.3(52,459, 169-
82,285,105) x 3] (Figure 3), interpreted to be pathogenic.
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Figure 2. The patient’s karyotype: 46,XX,add(16)(q24).
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There were 343 genes in the duplication region, 211 of
which were Online Mendelian Inheritance in Man (OMIM)
genes and 62 (including 18 autosomal dominant genes and
44 autosomal recessive genes) of which were associated
with the OMIM phenotype. Her parents’ karyotype (450-
band level) and aCGH analysis findings were normal, sug-
gesting a de novo origin for the duplication in the proband.

DISCUSSION

The human chromosome 16 contains highly segmen-
tal duplication regions (i.e. low copy repeats). Approxi-
mately 10.0% of chromosome 16 consists of segmental
duplication regions known to be prone to nonhomologous
recombination (Z.e. unequal crossover). In particular, the
16¢q22.2 and 16q23 regions can be considered hot-spots
for non-homologous recombination. Microdeletions and
duplications of different sizes seen in this chromosome are
predicted to occur with this mechanism [4].

To investigate genotype-phenotype correlation, pure
partial trisomy 16q cases can be stratified into three groups
(proximal, proximal-intermediate, intermediate-distal) ac-
cording to the location of chromosomal anomaly [2]. Most
cases fall into the proximal 16q duplication group but many
reports provide insufficient information about clinical find-
ings and the sizes of duplicated segments characterized by
aCGH analysis [5-7]. Almost all patients display intellec-
tual disabilities, speech delays and behavioral problems
(e.g. attention-deficit hyperactivity disorder, aggressive-
ness and autistic spectrum disorder). Half of the reported
cases present with obesity, skeletal anomalies (e.g. short
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Figure 3. Result of 315k Affymetrix CyctoScan Optima array of chromosome 16. Enlargement of aCGH results on chromosome 16 show
gain of 16q12.1q23.3 corresponding to 29.8 Mb of DNA. X-axis corresponds to the genomic position in megabases of DNA and Y-axis

show the log 2 ratio of signal intensity.
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and thick fingers, foot deformities) and dysmorphic fea-
tures (e.g. round face, flattened nasal bridge, dysplastic and
low-set ears, long philtrum, thin upper lip, microretrog-
nathia and short neck). In the literature, five cases have so
far been identified as part of the proximal-intermediate 16q
duplication group. Growth retardation and obesity were
recorded in two of these cases, while intellectual disability,
speech retardation, behavioral problems and dysmorphic
features (e.g. round face, flattened nasal bridge, dysplastic
and low-set ears, long philtrum, thin upper lip, microret-
rognathia and short neck) were present in almost all cases.
Unlike the other patients in this group, one patient also
showed epilepsy and lumbosacral meningomyelocele [1-
3,8.9]. Finally, two cases have so far been reported in the
intermediate-distal 16q duplication group. The clinical
findings of one duplication 16q22.1q23.1 patient were
similar to those in our case [10,11]. Compared to all pure
16q duplication cases, our case had more dysmorphic find-
ings, but the neurodevelopmental retardation profile was
similar. To the best of our knowledge, the dysmorphic
findings of the present case such as an asymmetric face,
microphthalmia, down-slanting palpebral fissures and
synophrys have not previously been associated with this
chromosomal anomaly.

In the Decipher database, nine partial 16q duplication
cases (similar duplications as seen in our case), where
the duplications were considered pathogenic, have been
reported (Decipher identification #s. 362109, 368652,
294549, 389723, 400900, 401664, 331631, 398404 and
400834). In four of these cases, the duplications were de
novo, whereas the inheritance was unknown in the oth-
ers. Notable clinical features of the nine reported cases
included intellectual disability in seven, short stature in
two, asymmetric head shape in one, asymmetric face in
one, epicanthus in one, anteverted nares in one, hypotonia
in one and preauricular pits in one patient. Our case differs
from these cases due to some clinical features such as mi-
crocephaly, intrauterine growth retardation, down-slanting
palpebral fissures, microretrognathia, low-set posteriorly
rotate ears, bilateral sensorineural hearing loss and mi-
crophtalmia.

The 29.8 Mb duplication in the present case involves
343 genes (including 62 genes associated with the OMIM
phenotype). Although genotype-phenotype correlation is
difficult, some of these genes are candidates for explaining
our patient’s phenotype. The CTCF gene [OMIM #604167
Ch-Band: 16q22.1, genomic coordinates (GRCh38): 16:67,
562,525-67,639,184] pathogenic variants are known to
bring on an autosomal dominant intellectual disability
phenotype (OMIM #615502). Thus, the disruption of this
gene in our patient may explain her intellectual disability.
Separately, the MAF gene [OMIM #177075 Ch-Band:
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16q23.2, genomic coordinates (GRCh38): 16:79,202,623-
79,601,951] pathogenic variants are known to cause auto-
somal dominant Ayme-Gripp syndrome (OMIM #601088).
Clinical findings in the present case such as short stature,
sensorineural hearing loss, low-set posteriorly rotated ears,
thin upper lip and intellectual disability, are also found in
this syndrome. Finally, the GNAO! gene [OMIM #139311
Ch-Band: 16q13 genomic coordinates (GRCh38): 16:56,
191,488-56,357,443] de novo pathogenic variants are
known to cause early infantile epileptic encephalopathy
type 17 (OMIM #615473). A febrile seizure was detected
once in our patient, and she was monitored for epilepsy
thereafter. We present this case report to clarify the clini-
cal findings of a rare chromosomal anomaly, discuss the
genes that may be related to the phenotype and contribute
new information to the literature concerning genotype-
phenotype correlation.
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