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Case Report

CYTOGENETIC STUDY OF A SEVERE CASE OF
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Summary Usually, the supernumerary isochromosome 12p charac-
terizing Pallister-Killian syndrome patients was detected in cultured skin
fibroblasts but not in cultured blood lymphocytes. The proband of this study
was a one-day-old female, who presented with major clinical characteristics
of the Pallister-Killian syndrome, and had severe malformations in the
form of anal atresia, cleft palate, and severe laryngomalacia. Chromo-
some preparations from cultured blood lymphocytes and skin fibroblasts,
as well as buccal smears, from this patient were analyzed by fluorescence
in situ hybridization (FISH) using a chromosome 12-specific alpha satellite
probe. The proportions of cells showing positive signals for i(12p) in
these samples were found to be 20, 62.5, and 70 %;, respectively. Repeated
FISH studies of buccal smears from this patient showed considerable
decreases in the proportions of i(12p) containing cells to 40 % at one year
of age and to 329 at the age of one year and five months. The decline
in the percentage of i(12p)-containing cells in buccal smears with aging
supports the concept of in vivo loss of the marker during repeated cell
division.

Key Words Pallister-Killian syndrome, i(12p) mosaicism rate, severe
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INTRODUCTION

“Pallister mosaic syndrome,” “Techler-Nicola/Killian syndrome,” “Killian
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syndrome” and, most recently “‘Pallister-Killian syndrome’ are the various nomen-
clatures used in the literature to refer to the original syndrome described by Pallister
et al., in 1977. They reported the first two cases of a new MCA/MR syndrome,
which was characterized by a coarse facial appearance, hypertelorism, cataracts,
pigmentary dysplasia, polymastia, and severe mental retardation. This recognizable
phenotype resulted from mosaicism of a small metacentric 12p isochromosome
which is usually detected in skin fibroblasts, but not in blood lymphocytes. Further-
more, a high frequency of this isochromosome was also demonstrated in direct
bone marrow preparations from newborn children (Peltomaki ef al., 1987; Ward
et al., 1988 ; Sharon et al., 1990).

Identification of the isochromosome has been based on its specific banding
pattern (Pallister et al., 1977), LDH-B gene dosage effect (Gilgenkrantz et al., 1985)
and the results of molecular studies (Hunter et «l., 1986). Recently, it was found
that fluorescence in sifu hybridization (FISH) using chromosome [2-specific DNA
probes could be employed successfully for this purpose. After the introduction
of interphase cytogenetics, FISH could also be applied to tissues for which cyto-
genetic analysis was not feasible (Manuelidis, 1985; Cremer ef al., 1986; Pinkel
et al., 1986; Devilee et al., 1988; Kuo ef al., 1991). Very recently, epithelial cells
from buccal mucosa were used as a substrate for FISH for the rapid, reliable and
non-invasive diagnosis of the Pallister-Killian syndrome (Ohashi et al., 1993).

In this paper, we describe the case of a surviving patient with the Pallister-
Killian syndrome, who showed an extraordinarily high proportion (20%) of i(12p)-
containing cells in her peripheral blood lymphocytes. The effect of aging on the
mosaicism rate in vive was also evaluated by repeated FISH analysis of buccal
mucosal smears.

% 47,XY, +i(12p)

I I I I o m

Blood Skin Buccal
lymphocytes fibroblasts epithelium

Fig. 1. This figure shows the percentage of i(12p) positive cells present in blood lympho-
cytes, skin fibroblasts, and buccal epithelium of the proband at birth (I), at the
age of one year (II), and at the age of one year and five months (IIT) as detected
by FISH.
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CASE REPORT

The proband of this study (Fig. 2, A and B) was a female born in 1992 at 38
weeks of gestation to a 26-year-old G2P1 mother and 32-year-old father, both of
whom were healthy and non-consanguineous Japanese. Pregnancy was com-
plicated by moderate toxemia and polyhydramnios from the 33rd week of gestation,
which were controlled by appropriate routine medication. Shortly after birth,
the baby was referred for genetic evaluation, because she had dysmorphic features.
At birth, she weighed 2,820 g, was 50 cm long, her OFC was 33.5 cm, and chest
circumference was 30 cm (average values).

Her abnormalities at birth included sparse scalp hair, bitemporal alopecia,
coarse flat face, high forehead with bossing, sparse left eyebrow, hypertelorism
with epicanthal folds, depressed nasal bridge, low-set posteriorly-rotated malformed
ears, mandibular retrognathia, cleft palate, small hands and feet with preaxial
polydactyly of the left foot, and a hypoplastic calcaneus. She also had anal atresia,
which was corrected later by simple colostomy. She had severe hypotonia which
did not improve very much after physio-therapy. Echocardiography showed a
small patent ductus arteriosus. At the age of four months, she started to suffer
respiratory problems as a result of severe laryngomalacia, which was partially re-
lieved by tracheostomy.

Cytogenetic analysis using G-banding demonstrated the presence of a sub-
metacentric marker chromosome with both arms showing a banding pattern similar
to 12p in 11 of the 50 (229) blood lymphocytes and 7 of the 12 (58%) skin fibro-
blasts examined.

When reexamined at the age of one year, she was 65 cm long (—4.0 SD), weighed
7,810 g (—1.0 SD) and her OFC was 43 cm (—0.5 SD), indicating profound devel-
opmental delay. Attacks of repetitive involuntary movements, but no typical
seizures, were observed and her EEG showed no focal activity. The brain CT-scan
findings were a small cavum septi pellucida and hypoplastic left cerebral and cer-
ebellar hemispheres. The marker was found in two of 50 (4%) metaphases of
the blood lymphocytes surveyed.

At the age of one year and five months, she weighed 8.1 kg (—1.25 SD), her
height was 71.5 ¢cm (—2.5 SD), and her OFC was 44 cm (—1 SD). She had been
hospitalized since birth for care of her severe hypotonia and unstable respiratory
condition. The malformations detected in this and the previously reported Pallister-
Killian syndrome patients who survived beyond birth are summarized in Table 1.

Materials and Methods. Chromosome preparations from 48-h lymphocyte
cultures, skin fibroblast subcultures and buccal smears of the proband shortly after
birth were analyzed by FISH. Buccal smears were reexamined at the age of one
year and one year and five months. Blood samples and buccal smears from a
female of the same age with a normal chromosome complement were used as con-
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trols. A biotin-labeled alpha satellite DNA probe for the chromosome 12 cen-
tromere (D1273; Oncor, Inc.) was used for FISH.

The blood and fibroblast cultures were set up and chromosome slides prepared
using standard techniques. Buccal smears were prepared by scraping the mucosa
of the cheek with a tongue depressor and spreading the cells on APS coated super
frost micro-slides (Matsunami), which were fixed in 1009, methanol for 20 min,
air dried and stored at —20°C until required for use. Prior to use, the slides were
dried at 65°C for 2 or 3 h, after which FISH was carried out as described previously
(Pinkel et al., 1986; Satoh ef al., 1993). In brief, the slides were pretreated with
ribonuclease (100 pg/ml in 2x SSC) for 1 h at 37°C. For the buccal smears, ad-
ditional pepsin pretreatment (300 wg/ml in 0.01 M HCI) for 10 min at 37°C was
carried out (as recommended by Julia and James (1991) for tumor cell suspensions).
Then the slides were denatured in 709 v/v formamide/2 x SSC for 2 min at 75°C,
dehydrated immediately in cold 709, ethanol followed by 1009 ethanol and air
dried. For each slide 10 ng probe was denatured in 509, formamide/2 x SSC/10%,
dextran sulphate for 5 min at 70°C then cooled on ice. The hybridization mixture
was added to the denatured slides and allowed to react in 2 moist chamber under
a parafilm cover (American National Can) overnight at 37°C. They were given
two 15-min post-hybridization washes with 50% v/v formamide/2x SSC at 45°C
followed by several washes in 4 x SSC buffer.

The hybridization signals were detected by applying a layer of FITC-conjugated
avidin and amplified with biotinylated anti-avidin, followed by another layer of
FITC-avidin. Finally, the slides were mounted in antifading solution with pro-
pidium iodide as a counter stain and observed under a fluorescence microscope
(Olympus).

Results. The FISH study of the proband’s blood lymphocytes cultured on
the first day of neonatal life showed that 14 of 70 cells (20 %) were positive for the
extra isochromosome. At the same time, cultured skin fibroblasts showed a higher
frequency (62.5%) of the marker. However, the highest rate was detected in the
epithelial cells of the buccal smears; 140 of 200 cells (70 %) showed three signals.
After the first year of life, the marker was detected at lower frequencies of 5.5 and
409, in blood lymphocytes and buccal epithelial cells respectively. A further de-
cline in the number of i(12p)-containing cells was also evident in the third buccal
smear sample obtained at the age of one year and five months, when it reached
329%. The results are summarized in Table 2 and Fig. 1.

Fig. 2. Aand B are photographs of the proband at three month of age. Cand D are partial
metaphases from cultured blood lymphocytes after G-banding (C) and FISH
(D) using the probe (D12Z3; Oncor, Inc.) for chromosome 12 centromere show-
ing the normal chromosome No. 12 (pointed to by arrows) and iso 12p (pointed
to by arrow heads). E shows interphases of buccal smear after pepsin pretreat-
ment and FISH ysing the same probe.

Vol. 39, No. 2, 1994



S. M. GAMAL et 4l.

264

JUSWWOD OU = JUe[],

‘3uop 10N = (N«

€< 89

anN

aN

aN

aN

aN

anN

aN

AN

aN

anN

_ON |

anN

AN

aN | AN 2e0v—0L

(HS14) s1eows [eoong «

LS 0

L6

09

6

001

001 | 001

001

86

Ly

001

06 08

001

08

SL 0s 8%

siseaoIqly g -

0

£e 0

0

0 0 (44

ssikooydud] pooig -

uy 98yjuanisd wspresow (dy 1)1
:Apms awosowaIqD)

SDUES Tepiuoid -
sIt[ewoue
21934 § -
SS9
papuacspUN) »

_ toeemoTukiey

s13YQ

ersaxe Jeuy

sanieuLoNge [15)

+

'
1

Ayeunouge feondQ

'
f

193J9p Veay [BUaTUQ)

+

+ N

+i+

LATVETS(

f

+
+

sapddiu A1055320V|

+ |+ ]+

4+

+

'
+

3

T2 [PWIOVYY,

w4+l +

‘
>

Apewoue remqIpren

PIUOISOIOBI]

i+

a8puq Emac peoid]

||+ |+

splog reyureaydy|

wspoppuadL |

+ ||+
+

P N S

proy310; Yty

S I I I g

O S o e e R s

298] 253000

ney dreos asaedg

IR A A R S

|+ ]+

eadofe [erodwarg

n++++++++;|

vrserdsAp ArejuanaSidl

PR Y e AR

PN e e R I

+

+ ]+

B e e R A R R B

eyuafuoo eruoiod4 R

«

$210213G

Al ]+

+

|7++++++++++++

|l ]+

UonepIial (U]

i
|

4|+l + ]+

£ 5

T

4]+ e

Sl Hr]FiH ] H ]+ ]+ |+

ol

DA R R R

230[3 PmOID)
FEIN

d
(ALRIRATE

v~
-

I8 €

QS|+ F |+ | FH I+ | Fir| ]+

Tk

(4741

1

| 4+

o1
=
=
%]

-]
-

n
<+

(4%}

Niq
| 1

-

<+
(]

o
—

o1

6

o
v e

9

+

]

™
-

AP

[r./l/

(s1k)  »8V]

sarmyea |
T

—_—

T
Jaguuay 3se)) —

e 13 tseyo

12 32 wewasradg

BUIYSTMEY

P
UCHRGIE M

T2 13 Jaiuny

18 12 spoukay

aSED  S2I]

"YIIQ PUOAq PIAIAING O sTUanEd SUIOIPUAS LRI -18351[[2d portodar Asnotsaxd sy1 pue siy) jo s3wpuy opaua8oAo pue [edi) " I[qeL

Jpn T Human Genet



VARIATION OF i(12p) MOSAICISM RATE BY AGE 265

Table 2. Prevalence of i(12p) containing cells in the different tissues examined.

Cells with Total number Percentage
Sample i(12p) scored (%)

Blood lymphocytes

1 14 70 20

II 11 200 5.5
Skin fibroblasts

I 125 200 62.5

I ND ND ND
Buccal smears

1 140 . 200 70

11 30 200 40

i1 64 200 32

ND, not done.
DISCUSSION

In this study, the frequency of aneuploid cells carrying the extra chromosome
iso 12p in blood lymphocytes detected in this patient was relatively high (209%)
compared with the frequencies in other surviving cases previously reported in the
literature, which ranged from 0-12%;,. The very early chromosomal analysis carried
on the first day of neonatal life was of great help in this respect. Pauli e al. (1987)
reported a frequency of 209, in blood lymphocytes in a stillborn female infant with
lethal malformations. The proportion of iso 12p-containing cells was found to
be high (62.5%) in the skin fibroblast subculture of our patient. The highest fre-
quency (70%) occurred in the epithelial cells of the buccal smears, which agrees
with the results obtained recently by Ohashi ef al. (1993). They explained this
finding by assuming that this reflected minimal selection against i(12p)-positive
cells in the buccal epithelial tissue during the process of cell division either in vivo
due to its slow turnover rate or in vitro as direct analysis without culture was
carried out.

We had a chance to reassess the mosaicism rate of iso 12p a year later in both
blood lymphocytes and buccal smear epithelial cells, but not in skin fibroblasts,
due to the instability of the proband’s general condition as a result of respiratory
problems. The i(12p) frequency was found to have decreased significantly in both
samples to about 5.59 in blood lymphocytes and 409, in epithelial cells. This
rate declined even further in the third buccal smear sample taken when the patient
was one year and five months old, when only 329, of the scored cells retained the
marker. This reduction demonstrated the effect of aging and successive cell di-
vision on the mosaicism rate. This decline was observed after direct analysis of
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the epithelial cells without subjecting them to culture and thus strongly supports
the concept of in vivo marker loss. It was evident that epithelial cells still possessed
a very high number of cells containing i(12p). This may be very useful for diag-
nosing the Pallister-Killian syndrome in older children, specially if the marker is
not detected in blood lymphocytes or skin fibroblasts.

When buccal smears were used directly without any special pretreatment,
the epithelial cells showed high auto-fluorescent background activity, due to the
remaining cytoplasm, which diminished the intensity of the FISH signals consider-
ably. Therefore, we pretreated the buccal smears with pepsin to digest the cell
membranes, cytoplasm and part of the nuclear protein. This facilitated probe
penetration to a great extent and increased the accessibility of the target DNA
and hence improved the hybridization efficiency. Furthermore, it increased the

number of usable cells so that some hundred cells could be counted easily in a short
time.

In conclusion, the case of a surviving patient with the Pallister-Killian syn-
drome with an extraordinarily high frequency of isochromosome 12p in her blood
lymphocytes is presented. Repeated analysis of pepsin-pretreated buccal smears
using FISH suggested that in vivo loss of the marker isochromosome occurred as
the child grew older.
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