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Objective: We present fetoplacental cytogenetic discrepancy in a pregnancy with prenatally detected
mosaic tetrasomy 12p by amniocentesis.
Case report: A 34-year-old woman underwent amniocentesis at 17 weeks of gestation because of advanced
maternal age. Cytogenetic analysis of cultured amniocytes revealed a karyotype of 47,XX,þi(12)(p10)[7]/
46,XX[16]. Array comparative genomic hybridization (aCGH) analysis of the DNA extracted from cultured
amniocytes revealed arr (12p)�3, (X)�2. Prenatal ultrasound findings were unremarkable. The pregnancy
was subsequently terminated, and a fetus was delivered with facial dysmorphism consistent with the
clinical features of PallistereKillian syndrome (PKS). Postnatal cytogenetic analysis of the cultured cells
from umbilical cord, skin, cord blood and placenta revealed 47,XX,þi(12)(p10)[6]/46,XX[34] in umbilical
cord, 47,XX,þi(12)(p10)[11]/46,XX[29] in skin, 47,XX,þi(12)(p10)[3]/46,XX[47] in cord blood and 46,XX[40]
in placenta. The mosaic tetrasomy 12p levels of the umbilical cord, skin, cord blood and placenta were 15%,
27.5%, 6% and 0%, respectively. aCGH analysis of the DNA extracted from uncultured cord blood and
placenta revealed arr 12p13.33p11.1 (230,421-34,756,209)�3.0 in cord blood but no genomic imbalance in
placenta. Polymorphic DNA marker analysis showed a maternal origin of the supernumerary isochromo-
some 12p in cord blood but biparental inheritance with equal fluorescent activity in placenta.
Conclusion: Pregnancy with fetal PKS and mosaic tetrasomy 12p may present fetoplacental cytogenetic
discrepancy. Therefore, genetic analysis on placenta alone may fail to detect fetal mosaic tetrasomy 12p
associated with PKS.
© 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

PallistereKillian syndrome (PKS) [OnlineMendelian Inheritance
in Man (OMIM) 601803] is a dysmorphic syndrome with an inci-
dence of 5.1 per one million live births, and is characterized by
s and Gynecology, MacKay
Road, Taipei 10449, Taiwan.

).
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facial dysmorphism of prominent forehead, sparse anterior scalp
hair, hypertelorism, short nose and flat nasal bridge, short neck, flat
occiput, intellectual disability, seizures and pigmentary skin le-
sions, and occasional congenital malformations of diaphragmatic
hernia, cleft, omphalocele, congenital cardiac defects, anal atresia,
sacral appendages, polydactyly, and autonomic system abnormal-
ities of anhidrosis/hypohidrosis and episodic hyperventilation [1,2].

Fetuses with PKS may prenatally manifest sonographic abnor-
malities of flat facial profile, short limbs, diaphragmatic hernia,
thickened nuchal fold, increased nuchal thickness, cystic hygroma,
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polydactyly, polyhydramnios, fetal hydrops, fetal overweight, in-
trauterine growth restriction, absent visualization of the stomach,
ambiguous genitalia, echogenic bowel and single umbilical artery
[3e8].

PallistereKillian syndrome is characterized by tissue-limited
mosaicism for tetrasomy 12p due to a supernumerary isochromo-
some for the short arm of chromosome 12 or i(12)(p10), and the
population of abnormal cells with a supernumerary i(12)(p10) or
tetrasomy 12p in lymphocytes and fibroblasts does not correlate
Fig. 1. The craniofacial appear

Fig. 2. A karyotype of
with the severity of clinical phenotype [9]. Here, we present feto-
placental cytogenetic discrepancy in a pregnancy with prenatally
detected mosaic tetrasomy 12p by amniocentesis.

Case report

A 34-year-old, gravida 2, para 0, woman underwent amnio-
centesis at 17 weeks of gestation because of advanced maternal
age. Her husband was 35 years old, and there was no family
ance of the fetus at birth.

47,XX,þi(12)(p10).



Fig. 3. Array comparative genomic hybridization analysis of the DNAs extracted from uncultured cord blood and placenta shows (A) 12p13.33p11.1 (230,421-34,756,209)�3.0 in
cord blood and (B) no genomic imbalance in placenta.
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history of congenital malformations. Cytogenetic analysis of
cultured amniocytes revealed a karyotype of 47,XX,þi(12)(p10)
[7]/46,XX[16]. Array comparative genomic hybridization (aCGH)
analysis of the DNA extracted from cultured amniocytes revealed a
result of arr (12p)�3, (X)�2. Prenatal ultrasound examination
revealed no structural abnormalities in the fetus. The pregnancy
was subsequently terminated at 21 weeks of gestation, and a 426-
g fetus was delivered with facial dysmorphism of hypertelorism,
prominent forehead, low-set ears, and a short nose with a flat
nasal bridge and anteverted nostrils consistent with the clinical
features of PKS (Fig. 1). Postnatal cytogenetic analysis on the
cultured cells of umbilical cord, skin, cord blood and placenta
revealed the results of 47,XX,þi(12)(p10)[6]/46,XX[34] in umbili-
cal cord, 47,XX,þi(12)(p10)[11]/46,XX[29] in skin, 47,XX,þi(12)
(p10)[3]/46,XX[47] in cord blood and 46,XX[40] in placenta
(Fig. 2). The mosaic tetrasomy 12p levels of the umbilical cord,
skin, cord blood and placenta were 15%, 27.5%, 6% and 0%,
respectively. aCGH analysis of the DNAs extracted from uncultured
cord blood and placenta, respectively using SurePrint G3 Unre-
stricted CGH ISCA v2, 8�60 K Array (Agilent Technologies, Santa
Clara, CA, USA) revealed a result of arr 12p13.33p11.1 (230,421-
34,756,209)�3.0 with a log2 ratio of 0.585 in cord blood (Fig. 3A)
but no genomic imbalance in placenta (Fig. 3B). Polymorphic DNA
marker analysis of the DNAs extracted from cord blood and
placenta, respectively using the informative markers of D12S374
(12p12.31) and D12S290 (12p11.22) showed a maternal origin of
the supernumerary isochromosome 12p derived from a maternal
meiosis II non-disjunction error followed by post-zygotic rear-
rangements in cord blood but biparental inheritance with equal
fluorescent activity in placenta (Fig. 4).

Discussion

The present case had a maternal origin of the supernumerary
i(12)(p10). Dutly et al. [10] suggested that the origin of the super-
numerary i(12)(p10) is predominantly maternal and is caused by
Fig. 4. Polymorphic markers analysis of the DNAs extracted from cord blood and
placenta, respectively using the informative markers of D12S374 (12p12.31) and
D12S290 (12p11.22) shows a maternal origin of the supernumerary isochromosome
12p derived from a maternal meiosis II non-disjunction error followed by post-zygotic
rearrangements in cord blood but biparental inheritance with equal fluorescent ac-
tivity in placenta.
the maternal meiosis II non-disjunction error followed by post-
zygotic rearrangements. However, the supernumerary i(12)(p10)
can be of paternal origin and occur post-zygotically [11,12], and can
be of maternal origin caused by meiosis I non-disjunction followed
by a post-zygotic mitotic event [13]. In the present case, the su-
pernumerary i(12)(p10) is likely caused by a maternal meiosis II
non-disjunction error followed by post-zygotic rearrangements as
described by Dutly et al. [10].

Prenatal diagnosis of PKS by means of chorionic villus sampling
(CVS), amniocentesis or cord blood sampling may result in a false-
negative result because of tissue-limited mosaicism. Priest et al.
[14] observed that cells with tetrasomy 12p in blood and amnio-
cytes were less stable than skin fibroblasts, and the young cultures
had more cells with tetrasomy 12p than the old cultures. Polityko
et al. [15] observed a rapid decrease of cells with tetrasomy 12p
during amniocyte subcultures. Tang and Wenger [16] suggested
that the cell death of abnormal clones with tetrasomy 12p is
responsible for tissue-limited mosaicism in PKS. In a review of 28
cases with cytogenetic discrepancy among various tissue samplings
in pre- or postnatally detected PKS, Chen et al. [12] observed that a
false-negative result occurred in 55% (12/22) from blood lympho-
cyte cultures, 43% (3/7) from short-term cultures/direct prepara-
tions of CVS, 50% (1/2) from long-term cultures of CVS, and 12% (3/
25) from amniocyte cultures. Chen et al. [13] found that cord blood
sampling and placental sampling were prone to have a false-
negative result comparing with amniocentesis in the diagnosis of
PKS by conventional culture cytogenetics. Chen et al. [17] addi-
tionally found that aCGH on uncultured cord blood or interphase
fluorescence in situ hybridization analysis on cultured cord blood
lymphocytes can detect more abnormal cells with tetrasomy 12p
than conventional cytogenetic analysis of cultured lymphocytes. In
the present case, the cultured cord blood lymphocytes had only 6%
(3/50) mosaic level of tetrasomy 12p, but aCGH detected a higher
level of (12p)�3 with a log2 ratio of 0.585 in uncultured cord blood.
The present case also had normal results in the postnatal placental
sampling analyzed by conventional cytogenetic analysis, poly-
morphic DNA marker analysis and aCGH analysis.

Fetoplacental cytogenetic discrepancy has previously been re-
ported in cases of pre- or postnatally detected PKS. Horn et al. [18]
reported the karyotype of 46,XY in both prenatal CVS and cord
blood,but theskinhad85%mosaicismfor tetrasomy12p.Turleauet al.
[19] reported 0% mosaicism for tetrasomy 12p in postnatal placental
sampling,but themosaic levelsof tetrasomy12pforamniocytes,blood
and skin were 70%, 8% and >90%, respectively. Chiurazzi et al. [20]
reported the karyotype of 46,XY in both prenatal CVS and cord
blood, but the skin had 48% mosaicism for tetrasomy 12p. Our case
adds to the literature of fetoplacental cytogenetic discrepancy in cases
of pre- or postnatally detected PKS. Our presentation implicates the
limitation of using CVS and non-invasive prenatal testing (NIPT) in
prenatal diagnosis of mosaic tetrasomy 12p and PKS.

In conclusion, pregnancy with fetal PKS and mosaic tetrasomy
12p may present fetoplacental cytogenetic discrepancy. Therefore,
genetic analysis on placenta alone such as CVS, non-invasive pre-
natal testing or postnatal placental sampling may fail to detect fetal
mosaic tetrasomy 12p associated with PKS.
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