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CASE REPORT

Angelman syndrome with a chromosomal
inversion 15 inv(pl1 q13) accompanied by a
deletion in 15qllql3

T Webb, J Clayton-Smith, X-J Cheng, J H M Knoll, M Lalande, M E Pembrey,
S Malcolm

Abstract
A family is described in which an inver-
sion of chromosome 15, 15 inv(pllql3), is
segregating. All family members are
healthy except the proband who is a 10
year old boy with Angelman syndrome.
Although the chromosomal inversion has
been passed from the grandfather to both
his son and his daughter with no ill effect,
passage from daughter to grandson has
resulted in a deletion of chromosome 15
material which is presumed to be the
cause ofAngelman syndrome in this boy.
The probabilities of an inversion of this
type being instrumental in causing the
syndrome are discussed.
(J Med Genet 1992;29:921-24)
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Angelman (AS) or happy puppet syndrome' is
characterised by mental retardation, jerky
movements, and lack of speech, often accom-

panied by a happy disposition with bouts of
uncontrolled laughter and tongue thrusting.
The syndrome can often be differentiated by a

characteristic electroencephalogram (EEG).2
High resolution cytogenetic studies have

indicated that approximately one half of
Angelman syndrome patients have a deletion
of proximal chromosome 15 in 15q11-q13.34
This deletion is cytogenetically indistinguish-
able from that earlier found to be associated
with Prader-Willi syndrome5 6with the im-
portant distinction that although the deletion
appears to be de novo in all of the cases

described so far, the chromosome 15 which
carries it is the maternally inherited homo-
logue in cases of Angelman syndrome7 and the
paternally inherited homologue in Prader-
Willi syndrome (PWS).8 Molecular studies
using probes derived from proximal 15q have
confirmed the presence of gene deletions in
about half of the probands in each of the two
syndromes but also the distinct parental origin
of each.>'2

Prader-Willi syndrome has occasionally
been reported to recur within a family,"3 14 but
the risk is generally considered to be very low
at approximately 1:1000."5 In contrast, several
pairs of sibs with Angelman syndrome have
been described and the recurrence risk may be

much higher than for PWS. Although it does
not approach the 25% which would be
expected for an autosomal recessive mode of
inheritance, it may be in the region of 4%.16
Although two pericentric inversions of chro-

mosome 15 have been associated with PWS,17 18
one, which had the karyotype 46,XY, inv(15)
(pl3q13), was also present in the child's
healthy father. In another case both the
patient's father and grandmother carried a
pericentric inversion with breakpoints in p11
and q12.'8 Cytogenetic rearrangements involv-
ing proximal 15q had not previously been
described in AS, until the finding of a pericen-
tric inversion inv(l5) (p1 1q13) in a boy with
Angelman syndrome and in his normal
mother.4 This prompted detailed investiga-
tions involving cytogenetic and molecular
analysis of all available family members in
order to attempt to clarify the relationship
between the chromosomal abnormality and the
syndrome and to aid in the elucidation of the
aetiology of the disease.

Methods
CASE REPORT
The proband is a 10 year old boy who was born
after a normal delivery to a 24 year old mother
and a 26 year old father. His birth weight was
2850 g and there was concern about his de-
velopment from birth because of severe feed-
ing problems. He smiled at 6 weeks and sat at
10 months, but never crawled and began to
walk at the age of 4 years with an ataxic, wide
based gait. He had his first seizure at the age of
2 years and the diagnosis of AS was made at 5
years of age because of his clinical characteris-
tics and EEG abnormalities.
On examination at the age of 10 years he had

brachycephaly with an occipitofrontal circum-
ference between the 25th and 50th centiles. He
has blue eyes and blonde hair and has no
speech but can communicate in a limited
fashion using sign language. He is markedly
ataxic but has had no seizures for three years.
He is a happy child who laughs with minimal
provocation.
The proband has two younger sibs who are

both intellectually normal. His mother is of
normal intellect with blonde hair and blue eyes
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Figure 1 Ideograms of chromosome 15 and partial karyotypes. (A) Ideogram of chromosome 15 (ISCN 1985),
(B) ideogram showing 15 inv(pl lql3). Giemsa banded chromosomes 15 from (C) the grandfather I.1, (D) his
daughter II.2, and (E, F) his grandson III.I. Chromosome pair (F) on the extreme right shows Ag staining of the
NOR region. In each case the abnormal chromosome is on the right hand side of the pair. Arrows indicate
breakpoints.

and his father, who has dark hair and brown
eyes, is of above average intelligence. The
proband has two maternal uncles and two
maternal cousins, all ofwhom are phenotypic-
ally normal, as are his maternal grandparents.

CYTOGENETICS
Lymphocytes from each member of the family
were subjected to a series of culture methods
designed to facilitate high resolution cytogen-
etics at the 850 band level. These included
synchronising of division with an excess of
thymidine followed by release for different
periods of time and intercalating the chromo-
somes with ethidium bromide. Harvesting of
the cultures, slide making, GTG banding, and
silver staining of nucleolar organiser regions
(NOR) were all by standard methods.

MOLECULAR STUDIES
Probes and polymorphisms
DNA probes'9 IR1O-1 (DISS12), pML34
(D1SS9), pTD 189-1 (D1SS13), pTD 3-21
(DISS1O), and IR4-3R (DISS11) were used
for RFLP analysis.20 Polymorphic alleles were
shown by ScaI in the first two cases, TaqI in
the second two, and RsaI in the last. In addi-
tion, the CA repeat associated with probe pTD
3-21 (DISS1O) and the VNTR probe CMW-1
(D15S24), which lies just proximal to the
chromosomal region which is believed to con-
tain the AS gene, were also used to track
chromosomes 15 segregating in this family.
The (CA). dinucleotide polymorphism within
D15S10 was detected as described pre-
viously.2'

Restriction enzyme analysis
DNA was extracted from blood collected into
EDTA tubes by guanidinium hydrochloride
and proteinase K extraction.22 For RFLP ana-
lyses agarose gels were run in standard fashion
and after denaturation the DNA was blotted
directly in alkali onto Hybond N +. The DNA
probes were radiolabelled using random hexa-
nucleotide priming. After hybridisation the
filters were washed in 3 x SSC, 0-1% SDS at
room temperature for one hour and 1 x SSC,
0-1% SDS at 650C for 20 minutes, and

exposed using Kodak XOMAT film. Quantit-
ative hybridisations were performed as de-
scribed previously." 23

Results
CYTOGENETICS
Partial karyotypes from the family are shown
in fig 1 and the pedigree in fig 2. The proband,
III. 1, has an inversion of chromosome 15 with
breakpoints in 15pl1 and 15q12q13. This
inverted chromosome 15 is also present in his
normal mother, II.2, his maternal grandfather,
I.1, and his maternal uncle. Other family
members have normal karyotypes. III.1 is the
only member of the family who has Angelman
syndrome. Polymorphisms of the satellites
present on the short arms of chromosome 15
indicate that II.2 and her brother have inher-
ited different normal homologues from their
mother who has one chromosome 15 with
satellites and one without. II.2 has inherited
the satellited homologue and her brother the
non-satellited. The position of the NOR re-
gion in the inverted chromosome 15 is
unchanged as shown by silver staining.

MOLECULAR STUDIES
The family was studied using a series of mo-
lecular probes which show polymorphisms at
loci D1SS9-D1SS13 (lying within the chromo-
somal region of interest) with the VTNR
probe CMW-1 detecting locus D1SS24 which
is situated just distal to the segment believed to
contain the AS and PWS genes, and with a
(CA). repeat lying within the region of inter-
est. The deduced haplotypes are shown in
fig 2.
Dosage studies have indicated that III.1 has

a de novo deletion of the PWCR which in-
cludes loci D15S9, D1SS1O, D1SS11,
DISS12, and DISS13 (fig 2). He is, however,
heterozygous at locus D15S24 which is
detected by probe CMW-1.

Discussion
A boy has been identified with Angelman
syndrome and a familial pericentric inversion
of chromosome 15, inv(l5p11q13). Three
other family members, including the boy's
mother, who also carry the inversion are
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Figure 2 Inheritance patterns in family of loci situated in the l5qll-ql3 region. All
probes corresponding to the loci listed are given in the text. The order is that
determined by Nicholls et al.20

healthy. Molecular studies indicate that the
affected boy has a deletion of his maternal
chromosome 15 which includes loci D15S9,
DISS1O, DJSSII, D15S12, and DISS13. His
mother is heterozygous for loci D1SS1O,
D15SS1, and D1SS13 so the deletion has
arisen de novo. These findings can be inter-
preted in several different ways.

(1) The chromosome inversion and Angelman
syndrome are fortuitous and distinct. If this is
so, then the inversion does not contribute to
the manifestation of the syndrome. This is
unlikely as Angelman syndrome is closely
identified with abnormalities of proximal 15q,
and the inversion is maternally inherited, again
characteristic of Angelman syndrome.

(2) The inversion has caused disruption of a
gene or a contiguous gene segment which leads
to the presence of Angelman syndrome. This
again seems to be unlikely as three other
members of the family also carry this putative
disruption. However, both II.2 and her
brother have inherited the abnormality from
their father and not their mother. According to
the hypothesis of imprinting neither would
be expected to have Angelman syndrome.
Neither, however, has PWS which would

contraindicate a disruption of any contiguous
gene segment responsible for both PWS and
AS, thus suggesting that the critical regions of
the two disorders may be distinct.2425

(3) Interstitial duplications and deletions
are facilitated by unequal crossing over which
can occur in association with chromosome
inversions.26 Owing to the pericentric inver-
sion inv(l5p1 lq13) present in one homologue,
the chromosome 15 in the patient's mother,
II.2, failed to pair correctly at meiosis and an
incompletely matched crossover caused a de
novo deletion in 15q12 which could explain
the presence of Angelman syndrome in her
son.

Pericentric inversions occur when the chro-
mosome suffers two breaks, one on either side
of the centromere. The segment between the
breaks turns through 180° before rejoining.
The result is a balanced rearrangement but
some material is exchanged between the short
and long arms of the chromosome. Misalign-
ment at meiosis followed by a crossover in-
creases the risk of imbalance in offspring lead-
ing to trisomy or monosomy for the segments
of the chromosome involved. In this boy,
III.1, a deletion of part of the region situated
at 15q12 could be the outcome of such a
crossover. The spacing of the GTG bands in
the inverted chromosome 15 present in II.2
indicates that the break in the long arm is most
likely to have occurred near to the 15ql2-
15q13 interface which would move bands
15ql1-2 above the centrometre and into the
short arm (fig 1). As the area encompassing
Angelman syndrome is believed to be within
this region, if recombination does occur then
looping out leading to unequal crossing over in
association with it is very likely.
The deletion in III.1 is believed to be of

maternal origin because of the large numbers
of crossovers which must be postulated if it
was paternally derived and to have arisen de
novo because his mother, II.2, is heterozygous
at three loci for which he is deleted (DISSIO,
DISSI1, and DISS13). The phase of all
probes on the inverted chromosome 15 is
known in II.1, as her father, I.1, is homo-
zygous for all probes tested. III.1 carries the
inversion on the chromosome 15 inherited
from his mother but is deleted for D1SS9,
DISS1O, DJSS11, DJSS12, and DISS13. He
is heterozygous, and so not deleted, at D1SS24
(CMW-1). His father is homozygous aa for
D1SS24 and, as he is ab, the b allele must have
come from his mother and originally from his
grandmother. Thus, the deletion starts prox-
imally on the chromosome of II.1 inherited
from her father (I. 1), but there is a recombina-
tion with the chromosome derived originally
from I.2. This is confirmed by the presence in
the deleted/recombined chromosome of the b
allele of D1SS24. The crossover at meiosis
presumably facilitated the deletion.
Angelman syndrome is associated with de

novo deletions occurring in apparently normal
homologues of chromosome 15 and with
uniparental disomy. Familial rearrangement of
the 15p1 1q13 region may also predispose to
the syndrome. In this family an inversion

923

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.29.12.921 on 1 D
ecem

ber 1992. D
ow

nloaded from
 

http://jmg.bmj.com/


Webb, Clayton-Smith, Cheng, Knoll, Lalande, Pembrey, Malcolm

involving breakpoints at 15p1 1 and 15q13 has
been passed from a grandfather (I.1) to two of
his children with no apparent deleterious
effect, but when his daughter (II.2) passed the
inverted chromosome on to her son, a deletion
occurred and Angelman syndrome resulted.
The region is prone to chromosomal re-

arrangements such as de novo deletions, un-

balanced translocations, inversions, and dupli-
cations. Although the recurrence of Angelman
syndrome within a sibship does not appear to
be associated with a cytogenetic deletion of
chromosome 15, the presence of a familial
chromosomal abnormality such as the one

present in this family may increase the risk
substantially, so counselling should be
approached with caution.

A cell line has been stored from the proband.
(Contact Dr Sue Malcolm, Institute of Child
Health, 30 Guilford Street, London WC1N
1EH.)

JCS is an Action Research training fellow and
XJC a WHO training fellow. We gratefully
acknowledge financial support from Action
Research and WHO.
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