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a b s t r a c t

Objective: We present prenatal diagnosis of low-level mosaic trisomy 12.
Case Report: A 40-year-old woman underwent amniocentesis at 18 weeks of gestation because
of advanced maternal age, which revealed a karyotype of 47,XX,þ12[5]/46,XX[24] consistent with 17.2%
(5/29) mosaicism for trisomy 12. Repeat amniocentesis performed at 21 weeks of gestation revealed a
karyotype of 47,XX,þ12[4]/46,XX[6] consistent with 40% (4/10) mosaicism for trisomy 12. Interphase
fluorescence in situ hybridization (FISH) on 112 uncultured amniocytes detected 23 cells with trisomy 12
consistent with 20.5% (23/112) mosaicism for trisomy 12. Polymorphic DNA marker analysis excluded
uniparental disomy 12. Array comparative genomic hybridization (aCGH) on uncultured amniocytes
revealed a result of arr 12p13.33q24.33 (230,451e133,773,499)� 2.2,17p12 (14,191,925e15,442,037)� 1.0
consistent with 10e20% mosaic trisomy 12. The father carried the 17p12 microdeletion. The fetal ultra-
sound findings were unremarkable. A 3958-g female fetus was delivered at 37 weeks of gestationwith no
phenotypic abnormality. The cord blood had a karyotype of 46,XX. Postnatal interphase FISH on urinary
cells revealed 7.14% (7/98) mosaicism for trisomy 12.
Conclusion: Low-level mosaic trisomy 12 at amniocentesis can be associated with a favorable pregnancy
outcome. Interphase FISH and aCGH on uncultured amniocytes are useful for confirmation of low-level
mosaic trisomy 12 at amniocentesis.
© 2017 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

Clinical reports of mosaic trisomy 12 detected by amniocentesis
are very rare. We previously reported prenatal diagnosis and mo-
lecular cytogenetic characterization of low-level mosaic trisomy 12
with a favorable pregnancy outcome [1e3]. Here, we present an
additional case with a similar result. Our experience may provide
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).
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useful information for the clinicians, genetic counselors, andparents
during genetic counseling of mosaic trisomy 12 at amniocentesis.

Case Report

A 40-year-old, gravida 2, para 0, woman underwent amniocen-
tesis at 18 weeks of gestation because of advanced maternal age.
Her husband was 48 years old. The woman and her husband were
healthy, and there was no family history of congenital malforma-
tions. Amniocentesis revealed a karyotype of 47,XX,þ12[5]/46,XX
[24] consistent with 17.2% (5/29 colonies) mosaicism for trisomy 12.
Among 29 colonies of cultured amniocytes, five colonies had a
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Figure 1. A karyotype of 47,XX,þ12.
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karyotype of 47,XX,þ12 (Figure 1), whereas the rest, 24 colonies,
had a karyotype of 46,XX. Prenatal ultrasound findings were un-
remarkable. The parental karyotypes were normal. Repeat amnio-
centesis was performed at 21 weeks of gestation. Simultaneous
molecular cytogenetic analyses were performed on uncultured
amniocytes using array comparative genomic hybridization (aCGH),
interphase fluorescence in situ hybridization (FISH), and quantita-
tive fluorescent polymerase chain reaction (QF-PCR) assays. Cyto-
genetic analysis of cultured amniocytes at repeat amniocentesis
revealed a karyotype of 47,XX,þ12[4]/46,XX[6] consistent with 40%
(4/10 colonies) mosaicism for trisomy 12. QF-PCR analysis using the
informative markers of D12S823 (12p12.1) and D12S302 (12q23.1)
on the DNA extracted from the uncultured amniocytes and the
parental peripheral bloods excluded uniparental disomy (UPD) 12
(Table 1). Interphase FISH analysis on 112 uncultured amniocytes
using the bacterial artificial chromosome (BAC) probe of RP11-
244D12 [12p11.22, fluorescein isothiocyanate (FITC), spectrum
green] and RP11-627E5 (12q24.33, Texas Red, spectrum red)
detected 23 cells with trisomy 12 consistent with a mosaicism
level of 20.5% (23/112 cells) (Figure 2). The normal control amnio-
cytes had a false positive rate of 1.9% (2/104 cells) for RP11-244D12
and a false positive rate of 3.9% (4/104 cells) for RP11-627E5.
aCGH analysis of the DNA extracted from uncultured amniocytes
using CytoChip ISCA Array (Illumina, San Diego, CA, USA) revealed
a result of arr 12p13.33q24.33 (230,451e133,773,499) � 2.2, 17p12
(14,191,925e15,442,037) � 1.0 (Figure 3). The log2 ratio for
12p13.33q24.33 duplication was 0.12 consistent with 10e20%
Table 1
Molecular results using polymorphic DNA markers specific for chromosome 12.

Markers Locus Father Mother Fetus (uncultured
amniocytes)

D12S823 12p12.1 144, 152 124, 140 124, 144
D12S302 12q23.1 156, 156 152, 152 152, 156

Alleles (base pair sizes) are listed below each individual.
mosaicism. The 1.25-Mb 17p12 microdeletion contained 15 genes
including three Online Mendelian Inheritance in Man (OMIM)
genes of HS3ST3B1, PMP22, and TEKT3. aCGH analysis of the
DNAs extracted from parental bloods revealed no genomic imbal-
ance in the maternal blood and a result of arr 17p12
(14,111,802e15,442,037) � 1.0 in the paternal blood (Figure 4). The
father had a 1.33-Mb 17p12 microdeletion encompassing 17 genes
including four OMIM genes of COX10, HS3ST3B1, PMP22, and TEKT3.
The father manifested no peripheral neuropathy. The parents
elected to continue the pregnancy. At 37weeks of gestation, a 3958-
g (>97th centile) female baby was delivered smoothly with a body
length of 51.5 cm (>97th centile) with neonatal brachial plexus
palsy. The cord blood had a karyotype of 46,XX in 40/40 lympho-
cytes. At age 4 days, interphase FISH analysis on 98 uncultured
urinary cells detected seven cells with trisomy 12 consistent with
7.14% mosaicism for trisomy 12. The normal control urinary cells
had a false positive rate of 1.96% (2/102 cells) for the FISH probes.
The neonate was phenotypically normal during follow-ups at age 1
month. Her body weight was 4.2 Kg (25e50th centile).

Discussion

The present case provides evidence that interphase FISH on
uncultured amniocytes at repeat amniocentesis is very practical for
determining the real mosaicism level of trisomy 12 at amniocen-
tesis. In the present case, the first amniocentesis revealed 17.2% (5/
29 colonies) mosaicism for trisomy 12 in cultured amniocytes, and
the second amniocentesis revealed 40% (4/10 colonies) mosaicism
for trisomy 12 in cultured amniocytes by conventional cytogenetic
analysis. However, the second amniocentesis revealed 20.5% (23/
112 cells) mosaicism for trisomy 12 by interphase FISH in uncul-
tured amniocytes. The result obtained from interphase FISH on
uncultured amniocytes is very useful for genetic counseling of
inconsistent trisomy 12 mosaicism levels in different cultured
amniocytes. Inconsistent trisomy mosaicism levels have been



Figure 2. Interphase fluorescence in situ hybridization analysis on uncultured amniocytes using a 12p11.2-specific probe RP11-244D12 (spectrum green) and a 12q24.33-specific
probe RP11-627E5 (spectrum red) shows (A) two green signals and two red signals in a disomy 12 cell and (B) three green signals and three red signals in a trisomy 12 cell.

Figure 3. aCGH analysis on the DNA extracted from uncultured amniocytes shows a 10e20% genomic gain in chromosome 12 and a 1.25-Mb microdeletion at 17p12. (A) Chro-
mosome zoom-in view; (B) chromosome 12; and (C) chromosome 17p12. aCGH¼ array comparative genomic hybridization.
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reported in different amniocenteses, for example, between two
different amniocenteses, Frohlich and Falk [4] reported 7% versus
0%, Cartolano et al [5] reported 26.7% versus 0%, Spiro et al [6] re-
ported 7.5% versus 48%, and Gentilin et al [7] reported 17.6% versus
62.5% mosaicism for trisomy 12.

In a review of 32 cases of mosaic trisomy 12 at amniocentesis,
Chen et al [1] reported that five out of nine cases with an apparently
abnormal outcome had a mosaicism level > 34% in cultured
amniocytes, whereas only three out of 23 cases with an apparently
normal outcome had a mosaicism level > 34% in cultured
amniocytes, indicating a correlation between a higher mosaic tri-
somy 12 level and an abnormal fetal outcome. The reported
abnormal fetal ultrasound findings associated with mosaic trisomy
12 include polyhydramnios, intrauterine growth restriction, single
umbilical artery, congenital heart defects, hydronephrosis and
absence of stomach image, and the reported phenotypic abnor-
malities associated with postnatally detected mosaic trisomy 12
include developmental delay, pigmentary dysplasia, congenital
heart defects, microcephaly, facial asymmetry, prominent ears,
hypotonia, hemihyperplasia, intestinal malrotation, retinopathy,



Figure 4. aCGH analysis on the DNA extracted from paternal peripheral blood shows a 1.33-Mb microdeletion at 17p12. (A) Chromosome zoom-in view; (B) chromosome 17p12.
aCGH¼ array comparative genomic hybridization.
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and sensorineural hearing loss [1]. Prenatal diagnosis of mosaic
trisomy 12 should include a detailed ultrasound examination of
fetal brain, heart, kidneys, and face.

The present case manifested fetal overgrowth which has been
observed by our previously reports [2,3]. Congenital overgrowth
have been described in cases with gene dosage increase in chro-
mosome 12 such as mosaic tetrasomy 12p [8e10] and 12q dupli-
cation syndrome [11,12].

The peculiar aspect of the present case is the association of
concomitant familial inheritance of 17p12 microdeletion encom-
passing PMP22. PMP22 (OMIM 601097) encodes peripheral myelin
protein 22, which is essential in all myelinated fibers in the
peripheral nervous system [13]. Hereditary neuropathy with lia-
bility to pressure palsies (HNPP; OMIM 162500) can be caused by
deletion of PMP22, whereas Charcot-Marie-Tooth disease Type 1A
(CMT1A; OMIM 118220) can be caused by duplication of PMP22
[14,15]. Korn-Lubetzki et al [16] reported HNPP 17p12 deletion in a
family with inflammatory demyelinating polyneuropathy. In a
study of 73 patients from 53 unrelated families with HNPP 17p12
deletion, Luigetti et al [17] reported that 56% of the patients showed
an atypical presentation, and 10% of the patients were asymp-
tomatic for neuropathic symptoms.

In summary, we present prenatal diagnosis and molecular cy-
togenetic analysis of low-level mosaic trisomy 12 at amniocentesis
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associated with a favorable pregnancy outcome. Our presentation
provides evidence for a correlation of low-level trisomy 12 mosai-
cism in uncultured amniocytes with a favorable fetal outcome
under circumstances of no abnormal fetal ultrasound and no UPD
12. The present case also shows that in case of mosaic trisomy 12 at
amniocentesis, interphase FISH on uncultured amniocytes is useful
for rapid confirmation of low-level mosaicism, aCGH on uncultured
amniocytes is useful for confirmation of the presence of mosaicism
for trisomy 12, and QF-PCR assay on uncultured amniocytes is
useful for rapid exclusion of UPD 12.
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