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a b s t r a c t

Objective: We present prenatal diagnosis of a 2p16.1-p15 duplication associated with familial intellectual
disability, and we discuss the genotypeephenotype correlation.
Case report: A 22-year-old, primigravid woman underwent amniocentesis at 22 weeks of gestation
because of a family history of intellectual disability. The woman and her two sisters had intellectual
disability but no behavioral disorders. The intellectual disability was noted in at least one paternal aunt
and six paternal cousins of the woman. Cytogenetic analysis revealed the karyotype of 46,XX in the fetus
and the two women. Array comparative genomic hybridization (aCGH) analysis on the DNAs extracted
from cultured amniocytes and the bloods of the woman and the her sister revealed a 3.244-Mb dupli-
cation of 2p16.1-p15 or arr 2p16.1p15 (58,288,588e61,532,538) � 3.0 [GRCh37 (hg19)] encompassing
eight Online Mendelian Inheritance in Man (OMIM) genes of VRK2, FANCL, BCL11A, PAPOLG, REL, PUS10,
PEX13 and USP34 in the fetus and the two women. Prenatal ultrasound findings were unremarkable. The
woman elected to continue the pregnancy. A 3244-g female baby was delivered at term with neither
craniofacial dysmorphism nor structural abnormalities.
Conclusion: aCGH is useful in prenatal diagnosis of inherited subtle chromosome imbalance in pregnancy
with familial intellectual disability. Chromosome 2p16.1-p15 duplication can be associated with intel-
lectual disability.
© 2018 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Chromosome 2p16-p15 deletion [Online Mendelian Inheritance
in Man (OMIM) 612,513] is a well recognized neurodevelopmental
syndrome characterized by delayed psychomotor development,
intellectual disability, craniofacial dysmorphism of microcephaly,
bitemporal narrowing, smooth and long philtrum, hypertelorism,
downslanting palpebral fissures, broad nasal root, thin upper lip,
s and Gynecology, MacKay
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Gynecology. Publishing services b
and high palate, autistic behavior, short stature, pachygyria, hypo-
plastic corpus callosum and other brain malformations [1e10].
Various genes have been proposed for the association with the
phenotypic features in chromosome 2p16.1-p15 deletion syn-
drome, i.e., haploinsufficiency of BCL11A is responsible for neuro-
developmental disorders and dysmorphic facial features [8,9]. VRK2
haploinsufficiency is responsible for autism and neuroectodermal
developmental disorders [2], and BCL11A is responsible for lan-
guage development [11]. Recently, Bagheri et al. [12] in a multi-
faceted analysis suggested that XPO1, REL and BCL11A are candidate
genes for 2p16.1-p15 deletion syndrome.

Chromosome 2p16-p15 duplication, on the other hand, may
present a less severe phenotype than chromosome 2p16-p15
deletion syndrome. Mimouni-Bloch et al. [13] previously reported a
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Fig. 1. A family pedigree of intellectual disability.
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2p16.1-p15 duplication in a child withmilder clinical phenotypes in
comparison with the corresponding chromosome 2p16.1-p15
deletion syndrome. Here, we present prenatal diagnosis of a
2p16.1-p15 duplication associated with familial intellectual
disability. Our presentation adds to the literature of 2p16.1-p15
duplication syndrome.
Fig. 2. Array comparative genomic hybridization (aCGH) on the DNA extracted from cultur
zoom-in views.
Case report

A 22-year-old, primigravid woman underwent amniocentesis at
22 weeks of gestation because of a family history of intellectual
disability. The woman and her two sisters had intellectual disability
but no behavioral disorders. The woman and her sister had
ed amniocytes shows a 3.244-Mb duplication of 2p16.1-p15. (A) and (B) Chromosome



Fig. 3. aCGH on the DNA extracted from the peripheral blood of the mother with moderate intellectual disability shows a 3.244-Mb duplication of 2p16.1-p15. (A) and (B)
Chromosome zoom-in views.
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moderate intellectual disability, and her elder sister had mild in-
tellectual disability. The intellectual disability of various degreeswas
noted in at least one paternal aunt and six paternal cousins of the
woman (Fig. 1). All family members identified to have intellectual
disability had received governmental handicap assistance. Those
family members with governmental handicap assistance had low
intellectual quotient (IQ) and had received middle school education
for intellectual disability. Cytogenetic analysis revealed the karyo-
type of 46,XX in the fetus and the two women. Array comparative
genomic hybridization (aCGH) analysis of the DNAs extracted from
cultured amniocytes and the bloods of the woman and her sister
using SurePrint G3 Unrestricted CGH ISCA v2, 8 � 60 K (Agilent
Technologies, CA, USA) revealed a 3.244-Mb duplication of 2p16.1-
p15 or arr 2p16.1p15 (58, 288, 588e61,532,538) � 3.0 [GRCh37
(hg19)] encompassing eight OMIM genes of VRK2, FANCL, BCL11A,
PAPOLG, REL, PUS10, PEX13 and USP34 in the fetus and the two
women (Figs. 2e4). Prenatal ultrasound findings were unremark-
able. The woman elected to continue the pregnancy. A 3244-g fe-
male baby was delivered at term with a body length of 51 cm and
manifested neither craniofacial dysmorphism nor structural ab-
normalities. When follow-up at 8 months of age, the infant had a
head circumference of 44.5 cm (75the85th centile), a body weight
of 6.9 Kg (5the15th centile) and a body length of 65.5 cm (5the15th
centile). There was no psychomotor developmental abnormality.

Discussion

Minouni-Bloch et al. [13] first reported intellectual devel-
opmental disorder in a 3-year-old boy with a 1.655-Mb 2p16.1-
p15 duplication encompassing BCL11A, PAPOLG, REL, PUS10,
PEX13, USP34 and XPO1 (Fig. 4B). The present family members
had a 3.244-Mb 2p16.1-p15 duplication encompassing VRK2,
FANCL, BCL11A, PAPOLG, REL, PUS10, PEX13 and USP34. In the
case reported by Mimouni-Bloch et al. [13], the proband had a
normal head, mild intellectual disability, absence of autistic
behavior, mild global developmental delay and mild dys-
morphism. In the DECIPHER database [14], all the patients with
2p16.1-p15 duplication manifested an abnormal developmental
phenotype. Our presentation provides evidence that patients
with a 2p16.1-p15 duplication can be associated with intellec-
tual disability.

VRK2 (OMIM 602169) encodes vaccinia-related kinase 2. Vrk2
has been found to be expressed in the developing cerebral cortex of
the mice and is involved in regulating multipolarebipolar transi-
tion and neural progenitor proliferation [15]. VRK2 may play an
important role in schizophrenia [15e22]. VRK2 interacts with JIP1
which is important in the neurite initiation and axon outgrowth in
neuronal cells [23,24], and is involved in the JNK1 and MAPK
signaling pathway which plays a role in axonal development in
neuronal cells [23,25,26].

PAPOLG (OMIM 616865) encodes poly(A) polymerase g, which is
a protein responsible for the post-transcriptional 30 poly-
adenylation of mRNA and small RNA precursors [27]. PAPOLG is
expressed in the brain [28], and RNA processing is among the basic
cellular processes involved in intellectual disability [29].

BCL11A (OMIM 606557) encodes B-cell CLL/lymphoma 11A
which is a zinc finger protein that regulates transcription through
interaction with COUP-TF proteins and direct sequence-dependent



Fig. 4. aCGH on the DNA extracted from the peripheral blood of the mother's sister with mild intellectual disability shows a 3.244-Mb duplication of 2p16.1-p15. (A) and (B)
Chromosome zoom-in views.
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DNA binding [30], and is highly expressed in brain, B-lymphocytes
and adult erythroid lineage [10]. BCL11A heterozygous mutation is
associated with autosomal dominant Dias-Logan syndrome or in-
tellectual developmental disorder with persistence of fetal hemo-
globin (OMIM 617101). Kuo et al. [31] found that BCL11A regulates
expression of DCC and MAP1b in control of axon branching and
dendrite outgrowth. Kuo et al. [32] also found that CASK, a known X-
linked intellectual disability gene, interacts with BCL11A and regu-
lates axon branching and outgrowth. Peter et al. [11] reported the
association of BCL11A deletion with severe speech sound disorder.
Basak et al. [9] found that BCL11A deletions result in neuro-
developmental alterations such as schizophrenia and attention
deficit hyperactivity disorder. Dias et al. [33] found that BCL11A
haploinsufficiency causes neurodevelopmental deficits, develop-
mental delay and intellectual disability. Bagheri et al. [12] found that
knockdown of both BCL11A orthologs in zebrafish result in micro-
cephaly. Cai et al. [34] identified BCL11A mutations in patients with
autism and intelligence disabilities. Shimbo et al. [35] reported the
association of BCL11A haploinsufficiency with cerebellar abnormal-
ities. Soblet et al. [36] reported that BCL11A frameshift mutation
causes dyspraxia and hypotonia. Yoshida et al. [37] identified BCL11A
variants in patients with epileptic encephalopathy.

REL (OMIM 164910) encodes c-Rel which is a transcription factor
that is a member of the Rel/NFKB family. REL is required for hip-
pocampal long-term synaptic plasticity and memory function [38].

PEX13 (OMIM 601789) encodes peroxisome biogenesis factor 13
which is a peroxisomal membrane protein. Mutations in PEX genes
such as PEX2, PEX6, PEX10, PEX12 and PEX13 can lead to peroxisomal
biogenesis disorders including the Zellweger spectrum [39].

USP34 (OMIM 615295) encodes ubiquitin-specific protein 34.
USP34 regulates AXIN stability and Wnt/b-catenin signaling [40].
Wnt signaling pathway plays a role in central nervous system
development, and disruption of Wnt will cause developmental
delay and autism [41,42]. Deregulation of USP34 has been found to
prevent the correct forming of the corpus callosum by interfering
with normal neuronal and glial cell proliferation, midline
patterning, callosal neuron migration and specification [43e45].

In summary, we discuss the genotypeephenotype correlation in
chromosome 2p16.1-p15 duplication. Our presentation shows that
aCGH is useful in prenatal diagnosis of inherited subtle chromo-
some imbalance in pregnancy with familial intellectual disability,
and chromosome 2p16.1-p15 duplication can be associated with
intellectual disability.
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