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a b s t r a c t

Objective: PallistereKillian syndrome (PKS) is a rare, sporadic genetic disorder caused by mosaic tet-
rasomy of the short arm of chromosome 12 (12p). Clinically, PKS is characterized by several systemic
abnormalities, such as intellectual impairment, hearing loss, epilepsy, hypotonia, craniofacial dys-
morphism, pigmentary skin anomalies, epilepsy, and a variety of congenital malformations. Prenatally,
PKS can be suspected in the presence of ultrasound anomalies: diaphragmatic hernia, rhizomelic
micromelia, hydrops fetalis, fetal overweight, ventriculomegaly in the central nervous system, congenital
heart defects, or absent visualization of the stomach. In all these cases, a detailed genetic study is
required. PKS is diagnosed by prenatal genetic analysis through chorionic villus sampling, genetic
amniocentesis, and cordocentesis.
Case Report: We report two cases of PKS with prenatal diagnosis of isochromosome 12p made by cy-
togenetic studies. The first case is of a 36-year-old pregnant woman who underwent genetic chorionic
villus sampling at 13th weeks of gestation after 1st trimester prenatal ultrasound revealed clinical fea-
tures of PKS: flat nasal bridge and fetal hydrops. The second case is of a 32-year-old pregnant woman
with genetic amniocentesis at 17th weeks of gestation that showed mos46,XX[21]/47,XX,þi(12p) asso-
ciated to PKS.
Conclusion: New molecular cytogenetic techniques array comparative genomic hybridization and fluo-
rescence in-situ hybridization in association with conventional karyotype are pivotal innovative tools to
search for chromosomic anomalies and for a complete prenatal diagnosis, especially in cases such as PKS
where array comparative genomic hybridization analysis alone could not show mosaicism of i(12p).
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

PallistereKillian syndrome (PKS) is a rare, sporadic genetic
disorder caused by mosaic tetrasomy of the short arm of chromo-
some 12 (12p). Incidence is uncertain and is estimated around 1/
athology in Adulthood and
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Vitale).

bstetrics & Gynecology. Published b
20e25.000. It was first described by Pallister et al [1] in two adult
patients and later by Killian and Teschler-Nicola [2]. Clinically, PKS
is characterized by several systemic abnormalities, such as intel-
lectual impairment, hearing loss, epilepsy, hypotonia, craniofacial
dysmorphism (coarse face, hypertelorism, short nose, flat nasal
bridge, long philtrum, cleft palate, and short neck), pigmentary skin
anomalies, epilepsy, and a variety of congenital malformations
[3,4].

PKS is cytogenetically characterized by a tissue-limited mosai-
cism for a supernumerary isochromosome for the short arm of
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Figure 1. Fetus of 12þ2 weeks, examined from a favorable position (the blue arrow
show flat nasal bridge; the red arrow shows fetal hydrops).
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chromosome 12, i(12p). The karyotype in the cultured blood lym-
phocytes is normal in most cases, but one supernumerary
isochromosome 12p is present at high percentage in cultured skin
fibroblasts and bone marrow cells of patients [5]. The percentage is
0e2% in lymphocytes and 50e100% in fibroblasts. In children and
adults, diagnosis of PKS usually requires a skin biopsy and/or a
buccal smear and an analysis of fibroblasts [6]. Prenatally, PKS can
be suspected in the presence of ultrasound anomalies: diaphrag-
matic hernia, rhizomelic micromelia, hydrops fetalis, fetal over-
weight, ventriculomegaly in the central nervous system, congenital
heart defects, or absent visualization of the stomach. In all these
cases, a detailed genetic study is required. PKS is diagnosed by
prenatal genetic analysis through chorionic villus sampling, genetic
amniocentesis, or cordocentesis [7]. Unfortunately, prenatal diag-
nosis of PKS remains problematic, mostly because of the difficulties
to discriminate between the supernumerary isochromosome 12p
and the duplication 21q, the variable level of mosaicism and the
rapid decrease of the supernumerary isochromosome during
amniocyte subculturing [8e10].

The mechanism of isochromosome i(12p) formation in PKS is
still not completely clear. Hunter et al [11] proposed four hypoth-
eses: (1) Meiosis I or II nondisjunction generating a disomic gamete
that results in a trisomic zygote, then one of the chromosome 12
centromeric misdivision during mitosis; (2) isochromosome for-
mation during meiosis in one parent, and simultaneous nondis-
junction during meiosis in the other parent; (3) isochromosome
formation associated with centromeric misdivision and nondis-
junction during Meiosis I resulting in a gamete with both a normal
chromosome 12 and an isochromosome 12p; and (4) normal
gametes and zygote, isochromosome formation with postzygote
mitotic nondisjunction, and centromeric misdivision. The purpose
of this study is to underline the role of classic cytogenetic karyotype
combined with the new molecular cytogenetic methods as fluo-
rescence in-situ hybridization (FISH) and array comparative
genomic hybridization (Array-CGH), for correct analysis in prenatal
diagnosis of genetic disorders.

Case Reports

We report two cases of PKS with prenatal diagnosis of
isochromosome 12p made by cytogenetic studies.

Case 1

The first case is of a 36-year-old pregnant woman who under-
went genetic chorionic villus sampling at 13 weeks of gestation
after 1st trimester prenatal ultrasound revealed clinical features of
PK syndrome: flat nasal bridge and fetal hydrops (Figure 1). Cyto-
genetic analysis was carried out on chromosome spreads prepared
from the direct preparation and from cultured chorionic villus. A
total of 10 metaphases for direct analysis, and 16 metaphases from
cell culture were analyzed. Metaphase chromosomes were pre-
pared according to standard cytogenetic protocol. Karyotypes were
described according to the International System for Human Cyto-
genetic Nomenclature [13]. Array-CGH analysis was tested on pa-
tient DNA, extracted from chorionic villi. The genomic coverage of
these arrays is up to 1 Mb resolution across the genome and
~100 kb resolution in 139 regions associated with constitutional
disorders. DNA was hybridized to whole-genome BAC microarrays
(Cyto Chip Focus Constitutional; BlueGnome, Cambridge, UK), ac-
cording to the manufacturer’s protocol (available at www.cytochip.
com). A laser scanner InnoScan 710 AL (INNOPSYS, Carbonne,
France) was used to excite the hybridized fluorophores, read, and
store the resulting images of the hybridization. Scanned image
quantification, array quality control, and aberration detection were
performed by algorithm fixed settings in BLUEFUSEMULTI software
(BlueGnome) [12]. Staining with the trypsineGiemsa banding (G-
banding) technique showed originally a mosaic karyotype for a
supernumerary isochromosome (Figure 2) while the cell culture
showed a normal karyotype. The chromosomal investigation of the
parents using peripheral blood samples revealed a normal karyo-
type. The genome-wide copy number detection of DNA, extracted
from chorionic villus, showed a gain, about 33.1 Mb, of the entire
short arm of chromosome 12 in the fetus (Figure 3). In consider-
ation of the ultrasonographic findings, flat nasal bridge and
hydrops fetalis, G-banding karyotype of chorionic villus, Array-CGH
analysis, and the result 46,XY (6)/47,XY,þi(12p)(4), we concluded
that the presence of extra chromosome 12p mosaicism was the
cause of the multiple congenital anomalies of fetus.

Case 2

The second case is of a 32-year-old pregnant woman without
ultrasound evidence and with unremarkable family history who
underwent genetic amniocentesis at 17th weeks of gestation for
maternal anxiety. Metaphase chromosomes were prepared ac-
cording to standard cytogenetic protocol. The karyotype was
described according to the International System for Human Cyto-
genetic Nomenclature (2013). FISH was performed on nuclei of the
amniocytes using the CEP 12 DNA Probe Kit (Abbott Molecular, Des
Plaines, IL, USA) according to the manufacturer’s protocol. Prenatal
cytogenetic analysis was performed with amniotic fluid using a
culture cells according to standard G-banding techniques. The
karyotype in the fetus showed 46,XX in 21 metaphase and
47,XX,þmar in 4 metaphase cells of 25 (Figure 4). A chromosomal
investigation of the parents using peripheral blood samples
revealed a normal karyotype. We carefully verified the marker
chromosome because it was not easy to distinguish the marker
chromosome from the long arm of chromosome 21 and another
origin. First, FISH analysis using the CEP 12 DNA Probe Kit (Abbott
Molecular) was performed to evaluate the origin of the marker
chromosome. Two signals on both arms of the marker chromosome
were noted (Figure 5). We concluded that the karyotype was:
mos46,XX[21]/47,XX,þi(12p)[4], which is associated with PKS. We
also performed Array-CGH analysis, but with negative results
probably due to the low presence of supernumerary isochromo-
some in the tissue examined. After counseling, both couples
decided to terminate the pregnancies.

http://www.cytochip.com
http://www.cytochip.com


Figure 2. Conventional cytogenetic direct chorionic villus sample preparation analysis of the fetus showed 47,XY,þ mar in four cells and 46,XY in six cells.
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Discussion

Variable tissue-specific mosaicism of isochromosome 12p is
the cytogenetic feature of tetrasomy 12p syndrome. The varia-
tion of isochromosome 12p frequency does not correlate with
the severity of congenital abnormalities in PKS fetus [10,14].
Isochromosome 12p is seen mainly in skin fibroblast cultures, in
chorionic villus, and in amniotic fluid cell samples. In spite of
such tissue-limited mosaicism, the extra chromosome can rarely
be identified in blood lymphocytes during postnatal examina-
tion [15] or prenatal studies using chorionic villus sampling,
genetic amniocentesis, and, rarely, cordocentesis [16]. Therefore,
there is no strict limitation on the presence of extra isochro-
mosome 12p in cell tissues, which are generally used in prenatal
studies and postnatal cytogenetic examinations. Advanced
maternal age and ultrasound abnormalities are the most
Figure 3. Microarray plot for a clinically si
common indications for prenatal investigation in reports of PKS.
Prenatal diagnosis of PKS is difficult because of the rapid loss of
the isochromosome 12p in the course of amniocyte subculturing
[10]. In this paper we describe two cases of PKS. In the first case,
ultrasonographic findings, flat nasal bridge, and hydrops fetalis,
were the input for the research of the supernumerary isochro-
mosome. G-banding karyotype of chorionic villus and Array-
CGH analysis, confirmed the presence of extra chromosome
12p mosaicism, which was the cause of the multiple congenital
anomalies of fetus (mos 46,XY [6]/47,XY,þi(12p)[4]). The diffi-
culty in the second case was the low presence of the supernu-
merary isochromosome in the cultures during conventional
cytogenetic analysis. FISH analysis confirmed the tetrasomy 12p
(mos 46,XX[21]/47,XX,þi(12p)[4]).

These cases illustrate the importance of using the appropriate
technique for correct analysis, suggesting that in prenatal diagnosis
gnificant 33-Mb gain at 12p13.33p11.



Figure 4. TrypsineGiemsa-banded chromosomes with extra metacentric marker chromosome, 47, XX,þmar.

Figure 5. Fluorescence in-situ hybridization using painting probe CEP 12 DNA showed
two red signals located symmetrically on both arms of the marker chromosome
(arrow).
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cytogenetic analysis, FISH, and Array-CGH are essential tools for a
diagnosis of disease, in presence, as well as in absence, of ultraso-
nographic markers. In cases where G-banding is not sufficient,
spectral karyotyping and multiplex-FISH, new molecular cytoge-
netic techniques allowing visualization of chromosomes in different
colors using chromosome painting probes, may be useful tools for
the identification of complex chromosomal abnormalities [17].

In conclusion, according to our experience, new molecular cy-
togenetic methods Array-CGH and FISH in association with con-
ventional karyotype are pivotal to search chromosomic anomalies
and for a complete prenatal diagnosis, especially in cases such as
PKS where Array-CGH analysis alone could not show mosaicism of
isochromosome 12p.
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