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Familial translocations involving 1 5ql 1-qi 3
can give rise to interstitial deletions causing
or

Angelman syndrome

Bernhard Horsthemke, Anneke Maat-Kievit, Eva Sleegers, Ans van den Ouweland,
Karin Buiting, Christina Lich, Paul Mollevanger, Geoff Beverstock,
Gabriele Gillessen-Kaesbach, Gesa Schwanitz

Abstract
A de novo interstitial deletion of 15q11-q13
is the major cause of Prader-Willi syndrome (PWS) and Angelman syndrome
(AS). Here we describe two unrelated PWS
patients with a typical deletion, whose
fathers have a balanced translocation involving the PWS/AS region. Microsatellite
data suggest that the deletion is the result
of an unequal crossover between the derivative chromosome 15 and the normal
chromosome 15. We conclude that familial
translocations involving 15q11-q13 can
give rise to interstitial deletions causing
PWS or AS and that prenatal diagnosis in
such families should include fluorescence
in situ hybridisation or microsateilite
studies or both.
(J7Med Genet 1996;33:848-851)
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Prader-Willi syndrome (PWS) and Angelman
syndrome (AS) are caused by the loss of function of imprinted genes in 15qll-ql3.' Approximately 70% of patients have a deletion of
15qI 1-q1 3, which in PWS is always of paternal
origin and in AS always of maternal origin.
Most deletions are de novo interstitial deletions, which probably arise by an unequal
crossover between repeated DNA sequences
flanking the PWS/AS region.2 3 In a few percent
of cases, the deletion is the result of an unbalanced translocation. Unbalanced translocations can occur de novo or by segregation
of chromosomes involved in a familial balanced
translocation.4 Most PWS patients and a few
AS patients without a deletion have two maternal or two paternal chromosomes 15, respectively. Uniparental disomy (UPD) most
often results from the postzygotic correction of
a meiotic non-disjunction event.5
Smeets et al6 described a family with a balanced translocation t(6; 15) (p25.3;ql 1.1), in
which one cousin had PWS and another had
AS. Cytogenetic and molecular studies showed
that the PWS patient had a de novo deletion
of 15ql2 on the paternally derived derivative
chromosome 6 and the AS patient had uniparental paternal heterodisomy for chromosome 15. Here we describe two unrelated
families in which the father has a balanced
translocation involving 15ql1-q1 3. In both

cases, a de novo interstitial deletion of
15ql l-ql 3 occurred, which resulted in a child
with PWS. The findings reported by Smeets
et al6 and in this report show that familial
translocations involving the PWS/AS region on
chromosome 15 can give rise to interstitial
deletions and uniparental disomy.

Case reports
FAMILY S (GERMANY)
The proband (III.6) is the second child of
young and unrelated parents (age of parents at
birth, 29 years) (fig 1). Cytogenetic analysis was
performed because of clinical signs of Down
syndrome. Chromosome analysis showed trisomy 21 and a balanced translocation (karyotype 47,XY,+21,t(15;18)(q12;q12)). The
translocation was also present in the father
(II.3) and the paternal grandfather (I.1) (karyotypes 46,XY,t(15;18) (q12;q12)). A metaphase of the father is shown in fig 2A. The
first son (III.4) is healthy and no cytogenetic
analysis was done. A second pregnancy resulted
in an abortion (111.5). During the fourth pregnancy, which was uneventful apart from reduced fetal movements, a prenatal diagnosis
was performed. Amniotic fluid cells indicated
a normal male karyotype (46,XY). Delivery
was by caesarean section in the 38th week of
pregnancy because of a pathological CTG. At
birth, the boy (III.7) had a weight of 2420 g
(10th centile), length 49 cm (50th centile), and
head circumference 34 cm (50th centile). Pronounced muscular hypotonia, pale skin, high
arched palate, abnormal EEG, and cryptorchidism were observed. Tube feeding was
necessary for three months.
The father has two healthy sibs. His sister
(II.1) has a normal female karyotype (46,XX) .
She had three abortions, which were not investigated cytogenetically. His brother (II.2)
has not been investigated. He has no offspring.
Their mother had one abortion in the first
trimester. Sibs of the paternal grandfather (I.1)
could not be investigated, but there are no
signs of developmental retardation or PraderWilli syndrome.

(THE NETHERLANDS)
Cytogenetic analysis of a mentally retarded boy
(III.1) and his normal father (11.2) showed a
balanced translocation (46,XY,t(8; 15) (q1 1.2;
ql 1 .2/ql 3). The karyotype of the boy is shown
FAMILY E
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Figure 1 Abbreviated pedigrees offamilies S and E.

in fig 2B. The cause of the mental retardation
is unknown. Pregnancy and birth were uneventful. He has no dysmorphic features or
focal neurological signs. Metabolic studies were
normal. Uniparental disomy 15 or a deletion

15ql1-qi3 were excluded by DNA analysis.
The first pregnancy of a new relationship of this
father, a twin pregnancy (III.2, III.3), ended in
a miscarriage at 12 weeks' gestation. In the
second pregnancy, amniocentesis was per-
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Figure 2 Cytogenetic analysis. (A) Metaphase of IL3 in family S. The normal and derivative chromosomes are indicated. (B) Karyotype of III. 1 in
family E. (C) FISH analysis of the patient in family S. A probe for DISS1I showed a signal on one chromosome 15 (arrowhead), but not on the other
(arrow). The PML probe gave a signal on both homologues. Chromosomes were counterstained with propidium iodide. (D) FISH analysis of the
patient in family E. A probe for SNRPN showed a signal on one chromosome 15, but not on the other The PML probe gave a signal on both
homologues.

J Med Genet: first published as 10.1136/jmg.33.10.848 on 1 October 1996. Downloaded from http://jmg.bmj.com/ on June 27, 2022 by guest. Protected by copyright.

1

Horsthemke et al

850

Methods

Table 1 DNA analysis

CYTOGENETIC ANALYSIS

Family S

Family E

Cytogenetic studies were carried out on QFQ
and RBA banded chromosomes (550 bands)
from cultured amniotic fluid cells and peri3,2,3
1,2
2,2
3,3,1
1,2
1,2
D15S541
1,2,1
3,1
2,1
2,2,2
1,1
2,1
D15S543
pheral blood lymphocytes using standard
4,3,4
2,2
NT
2,2,4
4,4
3,4
D15SIl
methods. Fluorescence in situ hybridisation
m,NT
NT
NT
m,NT
NT
m,p
D15S63
2,1,2
1,1
1,1
3,3,2
2,2
1,2
D15S128
(FISH) with probes D1 5S 1 and SNRPN was
1,2,1
3,1
2,1
3,3,4
1,4
2,4
GABRB3
performed on metaphase spreads from periNI
NI
NI
NI
2,2
2,2
2,3
1,3
D15S144
2,2
2,2
2,1
2,1
3,3
1,3
2,3
1,3
CYP19
pheral blood lymphocytes according to the
manufacturer's instructions (Oncor). The reand
that
III.1
Note
not
NI,
informative.
tested;
not
NT,
paternal
p,
band;
m, maternal band;
III.4 in family E are half brothers and that there is a recombination between D15S144 and agents also contain a marker (PML) that hyCYP19 in III.4.
bridises to specific sequences in 15q22 to
facilitate the identification of both 15 homologues. In addition, we used library probes
formed, and normal chromosomes (46,XY) for chromosomes 15 and 18 to exclude cryptic
were found. The child (III.4) was born at term translocations on the paternally derived chrowith the aid of vacuum extraction because of mosomes in family S.
bradycardia and meconicum in the amniotic
fluid. The umbilical cord was short (20 cm)
and torn off during birth. Apgar scores were DNA ANALYSIS
4, 5, and 7 after one, five, and 10 minutes, The methylation status of the D15S63 locus
respectively. He showed severe hypotonia and was determined by probing BglII + CfoI direspiratory insufficiency, and needed artificial gested DNA with PW7 lB.7 8 The following
ventilation. There was no pulmonary ex- DNA polymorphisms were studied: D1 5S11/
planation for his respiratory distress, which did StyI,9 D15S541,10 D15S543,10 D15S128,1
not improve in the following days. He also GABRB3,12 DI5S 144,13 and CYP19.'4
showed no sucking reflex and needed gavage
feeding. His birth weight was 3265 g (40th
centile) and his head circumference was Results and discussion
35 5 cm (50th centile). He had a small face with Subject III.7 in family S (patient S) and subject
a narrow bitemporal diameter, hypertelorism, III.4 in family E (patient E) have typical Pradermicrognathia, cryptorchidism, scrotal hypo- Willi syndrome according to the consensus
plasia, contractures of the extremities, and sim- diagnostic criteria.15 In both families, the father
ian creases of both hands. EEG, EMG, and has a balanced translocation involving 15ql 1MRI ofthe cerebrum showed no abnormalities. q13. Prenatal cytogenetic analysis of the
Because of an extremely poor prognosis, the patients had shown a normal male karyotype
parents did not wish to continue treatment. (46,XY) at the 550 band stage. After birth,
Necropsy showed no abnormalities except for metaphase chromosomes from peripheral
cryptorchidism.
blood lymphocytes were studied by fluorThe father's sister (II.6), who had one in- escence in situ hybridisation (FISH). Using a
trauterine death (II1.6), two miscarriages (III.8, cosmid probe for D 15S 11, metaphase spreads
III.9), and two healthy daughters (III.5, II1.7) from patient S were found to have a signal on
carries the same translocation.
one chromosome 15 only (fig 2C). A cryptic
translocation between chromosomes 15 and
18 was excluded by hybridisation with library
probes for these two chromosomes (not
A
shown). Patient E was studied by FISH with
a cosmid probe for SNRPN, which showed a
deletion (fig 2D).
To determine the extent and origin of the
deletions, we used the D15S63 methylation
test and performed microsatellite analysis with
five markers mapping within the typical PWS/
AS deletion region (D15S541, D15S543,
two
D15Sli, D15S128, and GABRB3) and
markers mapping to 1 5q 4-q21 (D 15S 144 and
CYP19). The results are summarised in table
1. Both patients lack paternal alleles from
D15S541 to D15S128. Patient E also lacks a
paternal allele at GABRB3. Patient S is hemior homozygous at this locus. These data suggest
that the patients have a typical deletion. As
the fathers are heterozygous at these loci, the
Figure 3 Possible crossover events between a normal chromosome 15 and a translocation
deletions have occurred de novo.
chromosome in family E. Hatched chromosome, normal chromosome 15; white,
Although we cannot distinguish between
the
between
translocated chromosome 15 material; black, chromosome 8. A crossover
and homozygosity for D15S144
telomeric
hemizygosity
the
15
in
which
der(8) and the normal chromosome 15 results in a chromosome
the cytogenetic data exclude an
and
CYP19,
part is derived from the translocation chromosome (A). A crossover between the der(l 5)
and the normal chromosome 15 results in a chromosome 15 in which the telomeric part is
involvement of these loci in the deletions.
derived from the normal homologue (B). The data described in the text suggest that the
Hence, D15S144 is the most proximal intact
S.
E
and
in
B
occurred
families
crossovers are unequal and that mechanism
DNA marker

III.1

H.12

11.3

III.4

III.6

11.3

11.4

III.7
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and informative marker in family E. In family novo submicroscopic deletion or the presence
S, this is CYP19 because D15S144 was not of uniparental disomy.
Our findings have important implications for
informative. The PWS patients and their translocation carrying brothers have different pa- prenatal diagnosis. It is common practice to
ternal alleles at these loci. Assuming that there exclude risk, when a fetus is found to have the
is no recombination between the translocation same balanced translocation as his parents or
breakpoint and D15S144 in the brother of to have a normal karyotype. At least for transpatient E (III.1), allele 3 is on the derivative locations involving 15q1 1-q13, this can be
chromosome 8 and allele 2 is on the normal wrong. We conclude that prenatal diagnosis in
paternal chromosome 15. In family S, allele 1 such cases should include FISH and microof CYPi 9 is on the derivative chromosome 18 satellite analysis to rule out a deletion or uniand allele 2 is on the normal patemal chro- parental disomy. Depending on the parental
mosome, again assuming that there is no origin, such a defect leads to Prader-Willi or
recombination between the translocation Angelman syndromes.
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