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Pallister—Killian syndrome (PKS) is a rare but distinctive
chromosomal syndrome distinguished by severe intellectual
impairment, characteristic facial features, and variable structur-
al anomalies. The characteristic cytogenetic abnormality in PKS
is a supernumerary isochromosome 12p that confers mosaic
tetrasomy. We describe a female child with PKS in whom
tetrasomy 12p resulted from a supernumerary ring chromosome
containing two copies of chromosome 12cen — pl13, a novel
cytogenetic finding. The ring chromosome exhibited tissue-
limited mosaicism, being absent in blood but detected in 38%
of buccal mucosa cells and 41% of skin fibroblasts. Our patient
demonstrated the typical dysmorphic characteristics of PKS,
but her development was relatively advanced in comparison to
children with isochromosome PKS. Her milder developmental
phenotype may be attributable to differences in the mosaic
distribution or the genomic content of the ring chromosome
compared to mosaic isochromosome 12p. © 2009 Wiley-Liss, Inc.
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INTRODUCTION

Pallister—Killian syndrome (PKS) is a rare sporadic disorder caused
by mosaicism for tetrasomy of chromosome 12p [Pallister et al.,
1977; Killian and Teschler-Nicola, 1981]. Clinical features include
intellectual impairment that is usually severe, streaks of altered skin
pigmentation, and facial dysmorphism that includes prominent
forehead with temporal balding, hypertelorism, short nose, and
wide mouth. All organ systems can be affected, but prominent
malformations are cleft palate, supernumerary nipples, diaphrag-
matic hernia, congenital heart defects, and genital abnormalities.
Birth weight and length can be normal or increased but growth
subsequently slows [Schinzel, 1991].

The characteristic cytogenetic abnormality that causes PKS is a
supernumerary isochromosome 12p i(12p) [Peltomaki et al., 1987;
Zhang et al., 1989; Cormier-Daire et al., 1997; Struthers et al., 1999].
Tissue specific mosaicism is characteristic, with the proportion
of cells containing i(12p) reported to be 0—2% in lymphocytes,
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50—100% in skin fibroblasts and buccal mucosal cells, and 100% in
amniocytes and bone marrow cells [Ward et al., 1988; Ohashi et al.,
1993]. Diagnosis of PKS is usually confirmed by fluorescence in situ
hybridization (FISH), using DNA probes specific to chromosome
12p applied to a buccal mucosa sample [McLeod et al., 1991;
Manasse et al., 2000] or to skin fibroblasts [Speleman et al., 1991].

In the great majority of patients the i(12p) is maternal in origin,
with the underlying mechanism thought to involve a combination
of centromere misdivision and nondisjunction at meiosis [Rivera
et al., 1986; Van Dyke et al., 1987; Los et al., 1995; Turleau et al.,
1996; Cormier-Daire et al., 1997; Schubert et al., 1997; Struthers
et al., 1999]. As a result, the i(12p) is present at conception and
mosaicism results from postzygotic mitotic loss [Peltomaki et al.,
1987]. There is no apparent correlation between the proportion of
tetrasomic cells and the severity of clinical presentation [Schinzel,
1991].

Here we report on an unusual patient with PKS in whom the
underlying cytogenetic mechanism is a supernumerary ring chro-
mosome comprising two copies of 12p, a finding not previously
reported.
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The proposita is the first child of non-consanguineous Caucasian
parents. Family history and antenatal history were unremarkable.
There was no known teratogen exposure and antenatal ultrasounds
were reported as normal. Delivery was by vacuum-assisted delivery
at term with birth weight of 3.44 kg (50th centile) and length 50 cm
(>50th centile). Dysmorphic features and a cleft palate were noted
at birth; however results of peripheral blood karyotype and FISH for
22q11 deletion were normal.

At age 7 months, the patient was referred to the genetics service
with developmental delay and dysmorphic features. She was noted
to have temporal alopecia, periorbital fullness, ptosis, nystagmus,
wide mouth, long philtrum, and cleft palate (Fig. 1). She had
bilateral single palmar creases, bilateral accessory nipples, small
hands and feet with dorsal edema, and hypoplasia of the labia with a
common anal and vaginal opening. Growth parameters were now
all below the third centile for age, and there was moderate hypotonia
and global developmental delay. The patient was unable to roll and
had persistent head-lag.

Subtelomere MLPA analysis on lymphocytes and magnetic
resonance imaging of the brain were both normal. The patient’s
development was monitored and considerable progress was ob-
served over the ensuing year. By 9 months, she was lifting her head
and sitting with support. At 11 months she was rolling and grasping
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FIG. 1. Patient at 2 years 4 months: Note temporal alopecia,
wide mouth, small hands. [Color figure can be viewed in
the online issue, which is available at
www.interscience.wiley.com.]
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FIG. 2. Interphase FISH of buccal mucosa cells, showing
both the ring chromosome 12 cells (four green signals)
and normal cells (two green signals) using the TEL probe.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

objects, and by 16 months, she was able to stand and vocalize.
Unfortunately, this rate of progression did not continue, and a
review at 2 years of age revealed little further gain in developmental
milestones. Growth parameters at this time revealed height 77 cm
(<3rd centile), weight 10.5 kg (10th centile), and head circumfer-
ence 48.5 cm (75th centile).

A diagnosis of PKS was suspected on the basis of the patient’s
clinical features. Interphase FISH studies were performed on buccal
mucosa cells utilizing a chromosome 12 probe specific for the 12p13
region (TEL, Vysis, Downers Grove, IL). Four signals from the
chromosome 12p13 (TEL) probe were observed in 72 of 189 (38%)
interphase nuclei examined (Fig. 2); the remaining nuclei contained
two signals.
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FIG. 3. Partial karyotypes of cultured fibroblast cells
(GTL-banding) showing the two normal chromosomes
12 and the chromosome 12 derived ring.
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FIG. 4. A: Metaphase FISH analysis of cultured fibroblast
cells with the chromosome 12alpha satellite centromere
probe, D1271 (green). Arrow indicates ring chromosome
with signal. B: Metaphase FISH analysis of cultured
fibroblast cells with the TEL probe localized to 12p13
(green). Arrow indicates ring chromosome with signal.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Chromosomal analysis was performed on fibroblasts derived
from a skin biopsy. Analysis of fibroblast mitoses by GTL-banding
showed the presence of a supernumerary ring chromosomein 11/27
(41%) cells examined (Fig. 3). Metaphase FISH studies using the
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12p13 (TEL) probe and a chromosome 12 centromere-specific
probe (D12Z1) showed that the ring chromosome contained two
copies TEL and two copies of D12Z1 (Fig. 4). The ring chromosome
resulted in tetrasomy for at least the region 12cen— pl3:
47,XX,+1(12)(::p?13 — cen — p?13 — cen::). ish r(12)(TEL++,
D12Z1++)[11]/46,XX[16]. The rapid loss of the ring from
cultured cells prevented further molecular analysis.

Our patient presents many of the classical phenotypic features of
PKS, including typical facial features, cleft palate, supernumerary
nipples, genital abnormalities, and postnatal growth delay. Yet
developmental progress has been more advanced than would be
expected for typical PKS. Most reported adult patients with PKS are
nonverbal, and only 30% walk independently [Reynolds et al., 1987;
Mathieu et al., 1997]. Two possible mechanisms are proposed to
explain the milder developmental phenotype in our patient. First,
the tetrasomic segment in the ring chromosome of our patient may
be reduced in size compared to an isochromosome 12p. This may
occur because in the ring chromosome there is deletion of the 12p
telomere and presumably some subtelomeric sequence. Meanwhile,
comparative genomic hybridization (CGH) studies have shown not
only the presence of this expected terminal deletion in ring chro-
mosomes, but also that deletions are often larger than expected and

a telomere
T E = = delelion
- c b
b
[Rp—— ; R
b Iy b c
c c o b

1 SCE

FIG. 5. Two possible mechanisms for formation of a ring chromosome comprising two copies of 12p. In A there is breakage and reunion
of the arms of an intermediate isochromosome. In B chromosome breakage generates a fragment comprising most of 12p and at least part
of the centromere followed by fusion of the ends to produce a single ring. Following replication, a sister-chromatid exchange generates
a double-sized and symmetrically dicentric ring. The cytogenetic results in our patients are consistent with mechanism B.
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can occur with additional interstitial deletions or duplications
which impact the phenotype [Rossi et al., 2008]. Examination
using CGH array analysis would identify the absence of segments
of 12p not visible on banded examination; however an adequate
amount of DNA could not be extracted from the early passages of
our patient to allow this. Second, the tissue distribution of the ring
chromosome in our patient may differ from that of the i(12p) in
other PKS patients. This hypothesis is consistent with the ring
chromosome being found in 41% of fibroblasts and 38% of buccal
mucosa cells, a proportion lower than is typical for i(12p) PKS.
Tissue distribution would be expected to differ if the ring chromo-
some arose during a postzygotic mitotic division, rather than at
meiosis as is typical for isochromosome PKS. Furthermore, even
if the ring was present at conception, it may be less stable than an
i(12p), leading to more rapid loss in some tissues.

A milder developmental phenotype has been reported in several
other PKS patients, including a 5-year-old child with only moderate
delay in gross motor and language development and normal social
skills [Bielanska et al., 1996], a 7-year-old patient with a relative lack
of physical manifestations and only mild speech delay who was able
to attend mainstream schooling [Schaefer et al., 1997], a 15-year-
old who attended a normal school until the age of 14 years and a
child who at age 13 years had a full-scale IQ of 93 and was later
diagnosed with an autism spectrum disorder [Genevieve et al.,
2003; Stalker et al., 2006]. It is possible that in these patients with a
milder phenotype, the isochromosome 12p has originated from a
postzygotic event.

Duplicated ring chromosomes can arise by one of two possible
mechanisms (Fig. 5). The first mechanism involves generation of an
intermediate isochromosome, followed by breakage and reunion
of the two arms to form a ring [Wong et al., 1989]. Alternatively,
chromosome breakage can initially generate a single copy ring
chromosome, with subsequent replication combined with a single
sister-chromatid exchange generating a double-sized and symmet-
rically dicentric ring [McGinniss et al., 1992]. The latter mechanism
is the most likely in our patient because the ring chromosome
appeared symmetrical and was dicentric; however, due to rapid loss
of the ring from culture, it cannot be determined whether the ring
originated in meiosis or mitosis.

Recent evidence suggests that many small ring chromosomes
contain unique sequence from only one arm, consistent with their
origin involving centromere misdivision [Baldwin et al., 2008]. The
FISH results in our patient are also consistent with centromere
misdivision, with the centromeric alpha-satellite signal appearing
of lower intensity in the ring chromosome compared to the normal
chromosome 12s, consistent with partial deletion of alpha satellite.

We would like to thank our patient and her family for their
participation in this research.

Baldwin EL, May LF, Justice AN, Martin CL, Ledbetter DH. 2008. Mech-
anisms and consequences of small supernumerary marker chromosomes:

AMERICAN JOURNAL OF MEDICAL GENETICS PART A

From Barbara McClintock to modern genetic-counseling issues. Am J
Hum Genet 82:398—410.

Bielanska MM, Khalifa MM, Duncan AM. 1996. Pallister-Killian syn-
drome: A mild case diagnosed by fluorescence in situ hybridization.
Review of the literature and expansion of the phenotype. Am ] Med Genet
65:104—108.

Cormier-Daire V, Le Merrer M, Gigarel N, Morichon N, Prieur M, Lyonnet
S, Vekemans M, Munnich A. 1997. Prezygotic origin of the isochromo-
some 12p in Pallister-Killian syndrome. Am ] Med Genet 69:166—168.

Genevieve D, Cormier-Daire V, Sanlaville D, Faivre L, Gosset P, Allart L,
Picq M, Munnich A, Romana S, de Blois M, Vekemans M. 2003. Mild
phenotype in a 15-year-old boy with Pallister-Killian syndrome. Am J
Med Genet Part A 116A:90—-93.

Killian W, Teschler-Nicola M. 1981. Case report 72: Mental retardation,
unusual facial appearance, abnormal hair. Synd Ident 7:6—7.

Los FJ, Van Opstal D, Schol MP, Gaillard JL, Brandenburg H, Van Den
Ouweland AM, in’t Veld PA. 1995. Prenatal diagnosis of mosaic tetras-
omy 12p/trisomy 12p by fluorescent in situ hybridization in amniotic
fluid cells: A case report of Pallister-Killian syndrome. Prenat Diagn
15:1155—-1159.

Manasse BF, Lekgate N, Pfaffenzeller WM, de Ravel TJ. 2000. The Pallister-
Killian syndrome is reliably diagnosed by FISH on buccal mucosa. Clin
Dysmorphol 9:163—-165.

Mathieu M, Piussan C, Thepot F, Gouget A, Lacombe D, Pedespan JM,
Serville F, Fontan D, Ruffie M, Nivelon-Chevallier A, Amblard F,
Chauveau P, Moirot H, Chabrolle JP, Croquette MF, Teyssier M, Plauchu
H, Pelissier MC, Gilgenkrantz S, Turc-Carel C, Turleau C, Prieur M, Le
Merrer M, Gonzales M, Journel H. 1997. Collaborative study of mosaic
tetrasomy 12p or Pallister-Killian syndrome (nineteen fetuses or
children). Ann Genet 40:45—54.

McGinniss MJ, Kazazian HH Jr, Stetten G, Petersen MB, Boman H, Engel E,
Greenberg F, Hertz JM, Johnson A, Laca Z. 1992. Mechanisms of ring
chromosome formation in 11 cases of human ring chromosome 21. AmJ
Hum Genet 50:15-28.

McLeod DR, Wesselman LR, Hoar DI. 1991. Pallister-Killian syndrome:
Additional manifestations of cleft palate and sacral appendage. ] Med
Genet 28:541-543.

Ohashi H, Ishikiriyama S, Fukushima Y. 1993. New diagnostic method for
Pallister-Killian syndrome: Detection of i(12p) in interphase nuclei of
buccal mucosa by fluorescence in situ hybridization. Am ] Med Genet
45:123-128.

Pallister PD, Meisner LF, Elejalde BR, Francke U, Herrmann J, Spranger J,
Tiddy W, Inhorn SL, Opitz JM. 1977. The pallister mosaic syndrome.
Birth Defects Orig Artic Ser 13:103—110.

Peltomaki P, Knuutila S, Ritvanen A, Kaitila I, de la Chapelle A. 1987.
Pallister-Killian syndrome: Cytogenetic and molecular studies. Clin
Genet 31:399—405.

Reynolds JF, Daniel A, Kelly TE, Gollin SM, Stephan M]J, Carey J, Adkins
WN, Webb MJ, CharF, Jimenez JF. 1987. Isochromosome 12p mosaicism
(Pallister mosaic aneuploidy or Pallister-Killian syndrome): Report of 11
cases. Am ] Med Genet 27:257—-274.

Rivera H, Rivas F, Cantu JM. 1986. On the origin of extra isochromosomes.
Clin Genet 29:540—541.

Rossi E, Riegel M, Messa J, Gimelli S, Maraschio P, Ciccone R, Stroppi M,
Riva P, Perrotta CS, Mattina T, Memo L, Baumer A, Kucinskas V,
Castellan C, Schinzel A, Zuffardi O. 2008. Duplications in addition to
terminal deletions are present in a proportion of ring chromosomes:
Clues to the mechanisms of formation. ] Med Genet 45:147—154.

Schaefer GB, Jochar A, Muneer R, Sanger WG. 1997. Clinical variability of
tetrasomy 12p. Clin Genet 51:102—108.



YEUNG ET AL.

509

Schinzel A. 1991. Tetrasomy 12p (Pallister-Killian syndrome). ] Med Genet
28:122-125.

Schubert R, Viersbach R, Eggermann T, Hansmann M, Schwanitz G. 1997.
Report of two new cases of Pallister-Killian syndrome confirmed by FISH:
Tissue-specific mosaicism and loss of i(12p) by in vitro selection. Am J
Med Genet 72:106—110.

Speleman F, Leroy JG, Van Roy N, De Paepe A, Suijkerbuijk R, Brunner H,
Looijenga L, Verschraegen-Spae MR, Orye E. 1991. Pallister-Killian
syndrome: Characterization of the isochromosome 12p by fluorescent
in situ hybridization. Am J Med Genet 41:381—387.

Stalker HJ, Gray BA, Bent-Williams A, Zori RT. 2006. High cognitive
functioning and behavioral phenotype in Pallister-Killian syndrome. Am
] Med Genet Part A 140A:1950—-1954.

Struthers JL, Cuthbert CD, Khalifa MM. 1999. Parental origin of the
isochromosome 12p in Pallister-Killian syndrome: Molecular analysis
of one patient and review of the reported cases. Am ] Med Genet 84:
111-115.

Turleau C, Simon-Bouy B, Austruy E, Grisard MC, Lemaire F, Molina-
Gomes D, Siffroi JP, Boue J. 1996. Parental origin and mechanisms of
formation of three cases of 12p tetrasomy. Clin Genet 50:41—46.

Van Dyke DL, Babu VR, Weiss L. 1987. Parental age, and how extra
isochromosomes (secondary trisomy) arise. Clin Genet 32:75—79.

Ward BE, Hayden MW, Robinson A. 1988. Isochromosome 12p mosaicism
(Pallister-Killian syndrome): Newborn diagnosis by direct bone marrow
analysis. Am ] Med Genet 31:835—839.

Wong C, Kazazian HH Jr, Stetten G, Earnshaw WC, Van Keuren ML,
Antonarakis SE. 1989. Molecular mechanism in the formation of
a human ring chromosome 21. Proc Natl Acad Sci USA 86:1914—
1918.

ZhangJ, Marynen P, Devriendt K, Fryns JP, Van den Berghe H, CassimanJJ.
1989. Molecular analysis of the isochromosome 12P in the Pallister-
Killian syndrome. Construction of a mouse-human hybrid cell line
containing an i(12p) as the sole human chromosome. Hum Genet
83:359-363.



