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Summary
The objective of this study was to report two cases of hereditary chromosomal duplications with favorable outcomes. In both cases,

conventional karyotyping showed a normal karyotype. However, chromosomal microarray analysis on uncultured amniocytes detected
a 3.2 Mb duplication in the region of arr[hg19] 13q12.11q12.12(22,073,046-25,230,759)×3 in case 1 and a 3.1 Mb duplication in the
region of arr[hg19] 6q12(65,423,142-68,550,465)×3 in case 2. In both cases, the chromosomal duplication was inherited from a mother
who has no symptoms. Both cases resulted in phenotypically normal babies.
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Introduction

The risk of chromosomal abnormality increases with
maternal age [1]. The advanced maternal age has been
viewed as a sole indication for genetic amniocentesis [2].
Amniocentesis is a procedure that takes out a small sam-
ple of the amniotic fluid for testing. Conventional kary-
otyping provides an overview of the entire genome. It is
recommended when a common aneuploidy such as trisomy
21, 18, 13 or monosomy X is suspected based on prenatal
ultrasound examination [3]. However, conventional kary-
otyping can’t detect aberrations that are less than 5 Mb in
length [4].

Chromosomal microarray is a new technology to detect
chromosome abnormalities that are less than 5Mb in length
[5]. With chromosomal microarray, DNA from a fetal sam-
ple such as amniocentesis is hybridized to an array platform
consisting of DNA probes on a solid surface. It allows de-
tecting aberrations down to 50 kb [5]. Because chromoso-
mal microarray does not require cell culture, it offers the
opportunity for a fast turnaround time [5]. However, chro-
mosol microarray cannot detect balanced chromosomal re-
arrangements such as translocations and inversions, which
can be detected by conventional karyotyping [5]. There-
fore, combining these two methods may increase the di-
agnostic accuracy for chromosomal abnormalities. In this
paper, we presented two cases of hereditary chromosomal
duplications with favorable outcomes.

Case Presentation

Case 1

A 39-year-old, gravida 3, para 1, woman under-
went amniocentesis at 20 weeks of gestation because
of advanced maternal age. Her husband was 42 years
old. Their first child was healthy. There was no
family history of birth defects. Conventional kary-
otyping revealed a normal karyotype of 46, XY. How-
ever, chromosomal microarray analysis on uncultured am-
niocytes using the Affymetrix (Affymetrix, Inc., Santa
Clara, CA) SNP 6.0 platform revealed a 3.2 Mb VUS
(variant uncertain significance) chromosomal duplica-
tion arr[hg19] 13q12.11q12.12(22,073,046-25,230,759)×3
(Figure 1). Conventional karyotyping using peripheral
blood showed a normal karyotype in both parents and their
first child. In contrast, chromosomal microarray analysis
identified the same duplication in the mother. The father
and their first child were normal by chromosomal microar-
ray analysis.

Ultrasound examination showed no dysmorphisms and
intrauterine growth restrictions (IUGRs). The pregnancy
carried to 40 weeks of gestation and a healthy baby was
delivered vaginally. The infant was phenotypically normal
and had normal growth and psychomotor development at 6
months old.
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Figure 1. — Chromosomal microarray analysis on uncultured amniocytes using the Affymetrix SNP 6.0 platform revealed a 3.2 Mb
duplication on chromosome arr[hg19] 13q12.11q12.12(22,073,046-25,230,759)×3.

Figure 2. — Chromosomal microarray analysis on uncultured amniocytes using the Affymetrix SNP 6.0 platform revealed a 3.1 Mb
duplication on chromosome arr[hg19] 6q12(65,423,142-68,550,465)×3.

Case 2

A 34-year-old, gravida 2, para 0, woman underwent am-
niocentesis at 20 weeks of gestation. Her husband was
34 years old. Conventional karyotyping revealed a nor-
mal karyotype of 46, XX. However, chromosomal microar-
ray analysis on uncultured amniocytes using the Affymetrix
(Affymetrix, Inc., Santa Clara, CA) SNP 6.0 platform re-
vealed a 3.1 Mb chromosomal duplication in the region of
6q12(65,423,142-68,550,465)×3 (Figure 2). Conventional
karyotyping using peripheral blood revealed a normal kary-
otype in both parents. However, chromosomal microarray
analysis identified the same duplication in the mother. The

father was normal by the chromosomal microarray analysis.
Ultrasound examination showed no dysmorphisms and

intrauterine growth restrictions (IUGRs). The pregnancy
carried to 40 weeks of gestation and a healthy baby was
delivered vaginally. The infant was phenotypically normal
and had normal growth and psychomotor development at 6
months old.

Discussion

Women that are above 35 years of age at delivery are
usually referred for genetic counseling or prenatal diagnosis
such as amniocentesis. In this study, we have demonstrated
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that combining the conventional karyotyping and chromo-
somalmicroarray could increase the detection of genetic ab-
normalities in these women.

In case 1, we detect a 3.2 Mb VUS chro-
mosomal duplication in the region of arr[hg19]
13q12.11q12.12(22,073,046-25,230,759). In an at-
tempt to further delineate clinical phenotypes of this
duplication, we performed a review of the literature and
the Decipher and ClinGen database. We identified six
cases of isolated duplications that are partially overlapped
with our case. All these six cases are associated with
a normal phenotype. This region contains 19 genes:
MICU2, FGF9, LINC00424, BASP1P1, SGCG, SACS,
SACS-AS1, LINC00327, TNFRSF19,MIPEP, C1QTNF9B-
AS1, C1QTNF9B, ANKRD20A19P, SPATA13, MIR2276,
SPATA13-AS1, C1QTNF9, PARP4, TPTE2P6. Among
these 19 genes, MICU2 is a Ca2+ sensor protein of
mitochondrial uniporter (MCU) mediating mitochondrial
Ca2+ uptake [6]. Diseases associated with MICU2 include
Loeys-Dietz Syndrome, which is characterized by a broad
spectrum of craniofacial, vascular and skeletal manifesta-
tions [7]. Mutations in the SGCG gene is associated with an
autosomal recessive disease called Limb-girdle muscular
dystrophy type 2C (LGMD2C). The human FGF9 gene
encodes the glia-activating factor, which is a member of
the fibroblast growth factor family. Diseases associated
with FGF9 include Multiple Synostoses Syndrome 3 and
Multiple Synostoses Syndrome [8]. We didn’t detect
any symptoms of these potential diseases in the mother.
Therefore, we suspected that this micro duplication might
be a nonpathogenic CNV.

In case 2, we detected a 3.1 Mb VUS chromosomal
duplication in the region of arr[hg19] 6q12(65,423,142-
68,550,465). We found several cases with isolated dupli-
cations that are partially overlapped with our case in the
Decipher and ClinGen databases. All these cases are asso-
ciated with normal phenotypes. This region contains three
genes: EYS, LOC441155, and SLC25A51P1. It has been
previously reported that 6q12 variants are associate with
postnatal exhales nitric oxide levels and respiratory symp-
toms [9]. However, there are no evidence showing that du-
plication of this region is associated with any disease. we
didn’t detect any of the potential reparatory symptoms in
the mother.

In both cases, conventional karyotyping showed a nor-
mal phenotype. No abnormalities were detected on ultra-
sound. However, chromosomal microarray analysis de-
tected a novel VUS chromosomal duplication. They are
likely to be benign based on current observations. How-
ever, the long-term effects of these variants are unclear.

Conclusions

Hereditary chromosomal duplications may be associated
with favorable outcomes. Combining conventional kary-
otyping, chromosomal microarray analysis and ultrasound
can provide a more accurate risk assessment for pregnant

women with advanced maternal age.
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