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Limb-girdle muscular dystrophy with
apparently diVerent clinical courses
within sexes in a large inbred kindred

EDITOR—The autosomal recessive limb-girdle muscular
dystrophies (AR-LGMD) are clinical entities characterised
by primary and progressive muscle degeneration, mainly at
the pelvic and shoulder girdles, with great variability in the
clinical course. Some patients present a severe course simi-
lar to Duchenne muscular dystrophy, while others
maintain the capacity to walk even in adult life.1–3 At least
eight autosomal recessive genes have been mapped. The
chromosome localisation of these genes and their products,
and a brief comment on the clinical course of each type of
AR-LGMD are summarised in table 1. Of these mapped
genes, six have been cloned: the gene responsible for
LGMD2A which encodes calpain 3, a muscle specific
protease,30 the genes that cause the known sarcoglycanopa-
thies (LGMD2C-LGMD2F),11 15 20 22 26 and, recently, the
gene for LGMD2B which encodes a protein called
“dysferlin” by the investigators.8

LGMD2C is a Duchenne-like muscular dystrophy par-
ticularly prevalent in North Africa,10–12 31 32 but rare in other
geographical regions; its prevalence in north eastern Italy
was estimated to be 1.72 × 10-6 inhabitants.33 This pheno-
type, which aVects both sexes equally, was first described
by Ben Hamida et al12 in 93 patients belonging to 28 Tuni-
sian families. A few large kindreds, with many aVected per-
sons, have been described. Here we report the results of a
clinical and molecular study in a large inbred kindred from
the north east of Brazil with LGMD2C, which is unusual
because the male patients appear to have a more severe
clinical course than the aVected females.

The genealogical data from five generations (fig 1) were
obtained and confirmed by diVerent family members. The
dates of birth, marriage, and death, causes of death, and
abortions were documented. A total of 56 subjects, includ-
ing all living aVected persons, were clinically examined.
Muscle strength was evaluated in 13 patients according to
the manual muscle test (based on the Medical Research
Council scale). The diagnosis of AR-LGMD was based on
clinical examination, course of the disease, family history,
serum creatine kinase (CK) levels, muscle histopathology,
and muscle protein and DNA analyses.

A muscle sample was obtained from a biceps biopsy of
one male patient (V.5). Immediately after removal, the

muscle sample was frozen in liquid nitrogen and stored at
−70°C until analysis. Dystrophin was analysed by immuno-
fluorescence (IF) and western blotting (WB) with rabbit
polyclonal N-terminal 303-8 and C-terminal monoclonal
Dy8/6C5 antibodies.34 35 The amount of dystrophin on WB
was estimated by densitometric analysis.36 The patient’s
band was compared with a normal control and corrected
for the myosin content in the muscle extract. On immuno-
histochemical staining of frozen muscle sections using
double labelling reactions for dystrophin + ã-SG, á-SG +
â-SG, and ã-SG + ä-SG, the following antibodies were
used: á-SG, monoclonal Ad1/20A618; â-SG, rabbit polyclo-
nal antibody21; ã-SG, rabbit polyclonal antibody13 and
monoclonal 35DAG/21B537; and ä-SG, rabbit polyclonal
raised against a glutathione S-transferase (GST)-ä-
sarcoglycan fusion protein.26

DNA samples from 28 members of the family, including
11 aVected persons, were extracted from whole blood
(after informed consent) according to the method of Miller
et al.38 Microsatellite markers corresponding to genes
involved in AR-LGMD were amplified by PCR and the
products were visualised on 6.5% denaturing gels, which
were dried and exposed to x rays. Two point linkage analy-
sis involving the mutant gene and the microsatellite mark-
ers D13S232, D13S115, and D13S143 (at chromosome
13q12) was performed using the MLINK software
program.39 An estimated gene frequency of 0.001 for the
disease allele and an equal recombination for both sexes
were assumed. For characterising the mutation, exon 6 of
the ã-SG gene was amplified by PCR from DNA samples
of aVected patients and sequenced. Primers were pur-
chased from Research Genetics.

The pedigree of this large, white, consanguineous
kindred, of Portuguese ancestry, is shown in fig 1. The total
number of aVected persons, including five subjects who
had died, is 20 (11 males and nine females).

According to the patients’ parents, the first clinical
manifestations were diYculty in running and climbing
stairs and frequent falls. The ages of onset, wheelchair
confinement, and death (five patients) are listed in table 2.
Physical examination showed that all living aVected
persons had muscle atrophy (more severe in the older
patients) and had lost the ability to walk. Prominence of
calves was seen only in the brothers V.4 and V.5. The
tendon reflexes were abolished and the facial muscles
were spared. Clinical cardiological evaluation performed
in all patients and electrocardiogram/echocardiogram
examinations, performed in five of them (IV.20, IV.22,
IV.34, V.4, and V.5), showed no evidence of cardiac

Table 1 The autosomal recessive limb-girdle muscular dystrophies

Chromosome localisation Gene product Clinical course References

LGMD2A 15q15 Calpain 3 Onset ranging from early childhood to adulthood, but often before 15 years.
Progression variable, with WC often at 20-30 years

4 5 6

LGMD2B 2p13 Dysferlin Onset around 20 years. Progression often slow, with WC usually after 40 years 7 8 9
LGMD2C 13q12 ã-sarcoglycan Onset 3-12 years. Progression usually fast, with WC often at 10-30 years. A slowly

progressive form has been reported in some families
10 11 12 13 14

LGMD2D 17q21 á-sarcoglycan Onset around 10 years. Progression ranging from WC aged 10 years to ambulation at
least into 30s. Null mutation associated with the most severe form

15 16 17 18 19

LGMD2E 4q12 â-sarcoglycan Severe and mild forms have been reported, with progression from fast to slow, and
probable correlation with type of mutation

20 21 22 23

LGMD2F 5q33-34 ä-sarcoglycan Onset 4-10 years and WC aged 9-16 years (four families, seven patients) 24 25 26
LGMD2G 17q11-12 Not known Only one family so far reported (six aVected sibs), with a slowly progressive dystrophy 27
LGMD2H 9q31-33 Not known Recently described in Manitoba Hutterites. Onset often after 15 years, with patients still

ambulant in their 20s, 30s, and 40s, and others asymptomatic after 20 years
28 29

WC= wheelchair confinement.

714 Letters

 on M
ay 23, 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.36.9.714 on 1 S
eptem

ber 1999. D
ow

nloaded from
 

http://jmg.bmj.com/


disease. Respiratory function (spirometry) was investigated
in these five patients. A mild restrictive lung disease pattern
was diagnosed in the children V.4 and V.5 and the three
adult patients had a moderate to severe pattern. Intellec-
tual development was normal in all aVected persons.
Serum CK level in V.5 (the youngest patient) was 340
IU/ml (normal <20). CK levels in the oldest patients (IV.3,
IV.26, and IV.34) were normal.

The disease seemed to be more severe, with a more rapid
rate of clinical progression, in the aVected males than in the
female patients. The mean ages of onset were 3.18 (SD
1.08) and 4.56 (SD 1.13) years respectively for male and
female patients, and the diVerence between these mean
values is significant at the 5% level (p=0.013). Regarding
wheelchair confinement, the mean ages were 13.91 (SD
2.47) years (aVected males) and 21.67 (SD 3.32) years
(aVected females), and the significance is p=0.0002. The
manual muscle test performed in 13 patients (table 3)
showed that the proximal muscles of the four limbs were
much more aVected than the distal ones, but no significant
sex diVerence was observed. The degree of contractures in
these patients ranged from mild to severe and involved the
elbow, hip, and knee joints. The most severe contractures
were observed in aVected males IV.8, IV.12, IV.20, and
IV.49. In addition, IV.8 and IV.20 had contractures of the
wrist joints. Scoliosis was seen in only one patient (IV.8).
The cause of death of the five dead aVected subjects (three
men and two women) was pneumonia. IV.35 died some
months after our clinical evaluation.

The muscle biopsy from patient V.5 showed histopatho-
logical changes of a primary myopathic process, character-
ised by a marked variation in fibre diameter, round shaped
fibres, split fibres, proliferation of endomyseal and
perimyseal conective tissue, and fat infiltration. The
histoenzymological studies showed a predominance of
type I fibres.

IF staining with dystrophin antibodies showed a mosaic
pattern of positive and negative fibres, and the IF pattern
with antibodies directed at each of the four known SG
proteins was negative (fig 2). WB analysis showed a
reduction in the amount of dystrophin (about 20% of
normal).

Confirmation of linkage (lod score >3) was obtained
between the disease gene and D13S232, D13S115, and
D13S143 microsatellite markers. The rare D13S232-3
allele (122 bp) was found in a homozygous state in the 11
patients studied. Amplification by PCR followed by
sequencing of exon 6 of the ã-SG gene in these persons
showed the deletion of a thymine from the span of 521-525
bp (Ä521-T mutation).

The great majority of the patients with severe childhood
onset progressive muscular dystrophy had mutations on
the X chromosome, with autosomal recessive inheritance
involved in only about 5% of the cases.40 In the kindred
with LGMD2C described here, this pattern is well
illustrated, since the aVected persons had unaVected con-
sanguineous parents and comprised approximately 25% of
their oVspring of both sexes. Because of the lack of reliable
information about more remote antecedents, it is diYcult
to establish the origin of the abnormal recessive gene in this
inbred kindred, but it was probably introduced by one of
the parents of the sibs I.1/I.5 who were heterozygotes. The
genetic homogeneity of LGMD2C in North African popu-
lations (where this disease was initially studied), derived
from the same ancestral population, suggests a common
origin for the mutant gene in that geographical
region.10 31 32

The immunohistochemical analyses of SGs in muscle
biopsy specimens from patients with any of the types of
sarcoglycanopathy have shown deficiencies of all compo-
nents of the SG complex, suggesting that pathogenic
mutations in a single SG gene disturb the organisation of
the whole glycoproteic complex and lead to secondary
deficiency of the other SGs.11 13 25 36 41 In agreement with
these features, our patient V.5 showed absence of the four
known components of the SG complex. In addition,
dystrophin WB showed a reduced quantity in this patient.
In a study on muscle proteins in six types of AR-LGMD

Figure 1 Pedigree of kindred.
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Table 2 Main clinical features in the 20 patients with LGMD2C

Subject Sex
Current age
(y)

Age at onset
(y)

Age at wheelchair
confinement (y)

Age at death
(y)

IV.3 M 40 3 18 —
IV.4 M — 3 13 30
IV.8 M 34 3 18 —
IV.11 F 28 5 20 —
IV.12 M 26 3 13 —
IV.20 M 36 3 15 —
IV.22 F 31 5 30 —
IV.24 M — 3 13 21
IV.26 F 40 5 19 —
IV.32 F — 4 21 36
IV.34 F 38 6 23 —
IV.35 M — 6 14 35
IV.37 F — 6 21 29
IV.46 F 29 3 20 —
IV.47 F 27 3 20 —
IV.49 M 24 3 14 —
V.4 M 12 2 11 —
V.5 M 10 2 10 —
V.7 M 29 4 14 —
V.18 F 27 4 21 —
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(2A-2F), involving 35 patients, Vainzof et al36 also found
reduced quantities of dystrophin in the severe cases, but
described a variable IF pattern for the sarcoglycans.

The localisation of the gene for LGMD2C on chromo-
some 13q12 was made initially by Ben Othmane et al10 in
three Tunisian kindreds based on the observation of
segregation of the disease with markers in this chromo-
some region. Further studies with Algerian31 and

Moroccan32 families confirmed the mapping. Linkage dis-
equilibrium between the LGMD2C locus and the rare
allele 3 (122 bp) of marker D13S232 was described in
nine Tunisian and one Egyptian families, suggesting that
the two loci are very close to one another.42 A homozygous
deletion of one thymine base from the span of 521-525 bp
of the ã-SG gene (Ä521-T mutation) was found in
aVected persons from three of these kindreds.11 In our

Table 3 Manual muscle strength evaluation in 13 patients with LGMD2C: strength rating for each patient

Movement tested
IV.3
(M)

IV.8
(M)

IV.11
(F)

IV.12
(M)

IV.20
(M)

IV.22
(F)

IV.26
(F)

IV.34
(F)

IV.46
(F)

IV.47
(F)

IV.49
(M)

V.4
(M)

V.5
(M)

Neck flexion 4 3 4 3 3 4 3 3 3 4 4 4 4
Neck extension 4 4 4 4 4 4 3 4 4 4 4 4 4
Shoulder abduction 1 1 1 1 0 1 0 0 0 2 1 2 3
Shoulder external rotation 1 1 1 1 1 1 0 1 1 2 1 2 3
Elbow flexion 2 2 2 2 2 2 2 0 2 2 2 2 3
Elbow extension 3 3 3 3 2 3 0 0 3 3 3 3 3
Wrist flexion 4 4 4 4 4 4 4 4 4 4 4 4 4
Wrist extension 4 4 4 4 2 4 4 4 4 4 4 4 4
Thumb abduction 4 4 4 4 3 4 3 4 4 4 4 5 5
Hip flexion 0 0 0 0 0 1 0 0 1 2 2 2 2
Hip extension 0 0 0 0 0 1 0 0 1 1 1 2 2
Knee flexion 4 4 4 4 2 4 4 3 4 4 4 3 4
Knee extension 4 4 4 4 2 4 3 3 4 4 4 3 4
Ankle dorsiflexion 4 4 4 4 2 4 3 4 4 4 4 4 4
Ankle plantar flexion 4 4 4 4 2 4 4 4 4 4 4 4 4
Toe flexion 5 5 5 5 4 5 5 5 5 5 5 5 5
Toe extension 5 5 5 5 4 5 5 5 5 5 5 5 5

0=no movement; 1=flicker of movement; 2=movement of the joint when the eVect of gravity is eliminated; 3=movement through full
range of the joint, against gravity but not against resistance; 4=movement of the joint, against gravity and against added resistance; 5=
full strength; M=male; F=female.

Figure 2 Double immunofluorescence labelling for dystrophin (DYS) and sarcoglycans (SG) in patient V.5, showing a pattern of positive and negative
fibres for dystrophin and a complete absence of staining for all sarcoglycans.
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study, the two point linkage analysis between the
disease gene and each of the markers at 13q12
showed the presence of the D13S232-3 allele in all
patients. The occurrence of the Ä521-T mutation
associated with this allele in the aVected subjects is
consistent with the linkage disequilibrium previously
reported.42

It was surprising to observe that the disease appeared to
be more severe in our male patients, since the mean ages
of onset and wheelchair confinement were significantly
lower in these patients than in the aVected females. The
pattern of muscle involvement (table 3) showed no
evidence of diVerences within sexes, but this pattern was
investigated only when all aVected persons had already
lost independent walking (data on diVerent stages of the
disease are not available because this family had never
been previously studied). Recently, in a large study of
facioscapulohumeral muscular dystrophy involving 173
aVected persons from 53 families, Zatz et al43 also
described a more severe clinical phenotype in the male
patients. In their original description of Duchenne-like
muscular dystrophy, Ben Hamida et al12 found significant
intrafamilial and interfamilial variability in the severity of
manifestation of the disease, with loss of independent
walking varying between the ages of 10 and 31 years, but
without diVerences within sexes. The Ä521-T mutation
was previously described in four Brazilian families (with a
total of 14 patients) of Negroid ethnicity13 44 with no bio-
logical relationship with the (white) kindred reported
here. Three of them manifested the classical (severe) form
of LGMD2C. However, in the fourth family, the three
aVected sibs (a 23 year old woman and two males aged 20
and 14 years respectively) had a mild phenotype with
preservation of ambulation, particularly the older sister
who was almost asymptomatic at that age, possibly
reflecting a slight diVerence of clinical expression favour-
ing the female sex. These observations suggest that the
Ä521-T mutation can lead to a milder phenotype or a
more severe form of the disease in one sex in some fami-
lies.

Further investigations in a larger series of LGMD2C
patients are necessary for a complete delineation of the
spectrum of variation in the clinical expression of this and
other mutations in the ã-SG gene, and for understanding
the underlying molecular mechanisms, since they have
implications for genetic counselling.
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Rescue from the eVects of trisomy
13q32→qter owing to skewed X
inactivation in a
der(X)t(X;13)(p21;q32) carrier

EDITOR—X;autosome translocations are very rare and
occur at an estimated frequency of 1:300 000.1 According
to the hypothesis of Lyon,2 there is a random and irrevers-
ible inactivation of one of the two X chromosomes in the
female, occurring at an early stage of development. In
patients with an X;autosome translocation, X inactivation
occurs at random but is followed by cellular selection,
favouring the better genetic balance.3 Accordingly, nearly
95% of patients with balanced X;autosome translocations
show a skewed inactivation of the normal X chromosome
in almost all cells, thereby avoiding somatic monosomy or
X chromosome disomy, while patients with unbalanced
X;autosome translocations have the der(X) constantly
inactivated in 91% of the cases in order to obtain the most
optimal balance of the genome.1 We report here a woman
who was referred for chromosome analysis because of four
consecutive first trimester spontaneous miscarriages fol-
lowing the birth of a healthy daughter.

The patient is short (152 cm), but otherwise healthy,
with no dysmorphic features or malformations. Chromo-
some analysis of peripheral blood showed an apparently
pure Xp deletion using conventional banding techniques.
Chromosome microdissection of the aberrant Xp was per-
formed according to Senger et al,4 using an inverted phase
contrast microscope (Axiovert 135) and a micromanipula-
tor (Narishige MMO-2YD). Six fragments containing the
whole aberrant Xp were excised and transferred to a 10 nl
collection drop containing 10 mmol/l TRIS-HCl, pH 7.5,
10 mmol/l NaCl, 0.1% SDS, and 0.5 mg/ml proteinase K.
After digestion with proteinase K, the collection drop was
transferred to a 250 µl reaction tube containing 5 µl of PCR
mixture: 5 µmol/l 6-MW-primer - 5'CCG ACT CGA
GNN NNN NAT GTG G 3' - , 200 µmol/l of each dNTP,
0.83 µl of Thermo sequenase buVer, and 4 U Thermo
sequenase (Amesham Life Science). Degenerate oligonu-
cleotide primed PCR (DOP-PCR) was performed in a
Perkin Elmer Thermal Cycler 2400 according to Telenius
et al5 with minor modifications. After initial denaturation at
96°C for five minutes, eight low temperature cycles were
run including annealing at 30°C for one minute 10
seconds, 37°C for one minute, and 95°C for 30 seconds.
Then 45 µl PCR mixture (1.1 µmol/l 6-MW, 220 µmol/l of
each dNTP, 2.5 mmol/l MgCl2, 4.5 µl StoVel buVer, and 5
U AmpliTaq DNA polymerase StoVel fragment (Perkin

Figure 1 The normal X chromosome is indicated by an arrow and the der(X) by an arrowhead. (A) The patient’s X chromosomes, GTG banded (left)
and after replication staining (right). (B) FISH on a metaphase from the patient using an X chromosome specific library. The distal part of the p arm of
the der(X) is unlabelled. (C) Reverse painting on a metaphase from the patient using the microdissected library of the short arm of the der(X). As expected,
the library labels the whole aberrant Xp, but also half the p arm of the normal X and the distal part of 13q. (D) FISH on a metaphase from the patient
using a chromosome 13 specific library. Both chromosomes 13 are fully labelled (and there are unspecific signals on the p arms of the acrocentric
chromosomes) as well as the distal part of the short arm of the der(X), indicating partial trisomy 13.
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Elmer, Cetus)) was added and 32 cycles of 94°C for 30
seconds, 56°C for 30 seconds, and 72°C for one minute
were run. The amplified material was labelled with
Spectrum Orange-dUTP (Vysis) in 35 additional DOP-
PCR cycles. Chromosome specific libraries from the X
chromosome and chromosome 13 were PCR labelled with
biotin-16-dUTP (Boehringer Mannheim) and Spectrum
Orange (Vysis), respectively, and used for forward painting.
FISH was performed as previously described.6 The X
inactivation pattern was analysed by adding BrdU in late S
phase during the last cell cycle before cell harvest, as
described by Rooney and Czepulkowski.7

Chromosome analysis showed a short p arm of one of
the X chromosomes, which initially was interpreted as a
pure terminal deletion (fig 1A, left). In order to confirm
this, FISH analysis using an X chromosome specific library
was performed, which failed to label the distal part of the p
arm of the aberrant X chromosome (fig 1B). Chromosome
microdissection of the aberrant Xp, followed by DOP-PCR
amplification and reverse painting, showed an origin from
13q32→qter (fig 1C), and thus an unbalanced transloca-
tion 46,X,der(X)t(X;13)(p21;q32). This was also con-
firmed using a chromosome 13 specific library (fig 1D). X
inactivation studies showed a skewed X inactivation, with
the der(X) consistently inactivated in 44 analysed cells (fig
1A, right).

X;autosome translocations are rare events that are
most often combined with skewed X inactivation. We
describe here a patient with partial trisomy of distal 13q
owing to an unbalanced reciprocal translocation
46,X,der(X)t(X;13)(p21;q32), but apparently no clinical
symptoms other than short stature and repeated spontane-
ous miscarriages. Partial trisomy 13q32→qter has previ-
ously been described in patients with severe mental retar-
dation, epilepsy, microcephaly, microphthalmia, frontal
bossing, haemangiomata, high arched palate, malformed
ears, hexadactyly, umbilical and inguinal hernia, crypt-
orchidism, and congenital heart defects.8 None of these
symptoms was present in our patient who was referred for
chromosome analysis because of repeated early spontane-
ous miscarriages. The most likely explanation is that the
der(X) was found to be constantly inactivated, thereby
spreading the inactivation to the small autosomal segment
and thus eliminating any adverse eVects of the partial
trisomy 13q. In addition, the patient is monosomic for the
distal half of the short arm of the X chromosome
(Xp21→pter). Women with pure Xp deletions show
various phenotypes, ranging from normal to Turner
syndrome.9 Deletions distal to Xp21 are almost without
exception found in patients with a normal female
phenotype, who are often, albeit not consistently, short.
This is in agreement with no Turner stigmata and short
stature observed in our patient.

The severity of an abnormal phenotype can be mitigated
in whole or in part by skewed X inactivation which itself
results from selection pressure. In patients with X;auto-
somal translocations, the skewed X inactivation prevents
the development of symptoms by favouring the better
genetic balance, which means that the normal X is prefer-
entially inactivated in balanced cases, whereas the der(X) is
consistently inactivated in the majority of unbalanced
X;autosome translocations. Nevertheless, the percentage
of cells in which the der(X) is inactivated may vary, as well
as the extent of the spreading of inactivation into the auto-
somal segment.10 Indeed, variable spreading of inactivation
between cells in the same person has been reported, which
was shown to be the result of ineVective maintenance or

instability of the inactivation.11 All these factors may have
an influence on the phenotype, which makes it diYcult to
evaluate the risk of adverse eVects in X;autosome translo-
cation cases, for example, in the prenatal situation. Skewed
X inactivation may also be the indirect mechanism of dis-
ease in female carriers of X linked disorders such as Duch-
enne muscular dystrophy and Fabry disease. This has been
shown in cases of discordant monozygotic twins12–14 and
aVected carrier daughters of unaVected carrier mothers.15

The patient’s medical history of repeated spontaneous
miscarriages may be explained by male unbalanced
conceptuses with partial trisomy 13q as well as nullisomy
for the distal part of Xp. The healthy daughter of our
patient was found to have inherited the same unbalanced
translocation from her mother and so far she has developed
normally. Although her X inactivation status has not been
studied, a similar pattern to her mother’s should be
expected.

In conclusion, apparently pure deletions of the X
chromosome should be investigated further in order to
exclude X;autosome translocations, which may have an
influence on the phenotype. In the present case, we found
an unbalanced translocation with partial trisomy of
13q32→qter using reverse painting, which, in contrast to
forward painting, identified not only the chromosomal ori-
gin but also which part of chromosome 13 was involved. X
inactivation studies showed that the der(X) was constantly
inactivated and owing to the skewed X inactivation there
were no serious symptoms apart from repeated early
miscarriages.
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Linkage analysis of 56 multiplex
families excludes the Cowden disease
gene PTEN as a major contributor to
familial breast cancer

EDITOR—A number of genes are now known to be involved
in inherited susceptibility to breast cancer. In the context
of multiple case families, the most well identified and
characterised genes are BRCA1 on 17q1 2 and BRCA2 on
13q.3 4 Both linkage and mutation studies indicate that
these genes account for the large majority of families seg-
regating both early age of onset breast cancer and ovarian
cancer, and those with both male and female breast cancer
cases. However, other studies5–8 indicate that BRCA1 and
BRCA2 account for less than half of site specific breast
cancer families, suggesting that other major susceptibility
genes may be important in this group. We therefore initi-
ated a collaborative genomic search, using a large panel of
female breast cancer only families in which germline
mutations in the BRCA1 and BRCA2 coding sequence
were not detected and in which there was no strong
evidence of linkage to BRCA1 and BRCA2. In this letter,
we will report the results of linkage analysis in the Cowden
region previously implicated in susceptibility to breast
cancer.

Cowden disease (CD) is a rare, autosomal dominant
syndrome characterised by multiple hamartomatous le-
sions of the skin, mucous membranes, intestinal polyps,
and an increased risk of breast and thyroid cancer. The risk
of breast cancer in CD may be of the order of 30% by the
age of 50.9 After the CD gene was mapped to chromosome
10q22-23 by Nelen et al,10 CD has recently been shown to
be the result of germline mutations in the tumour suppres-
sor gene PTEN (or MMAC1 or TEP1) on chromosome
10q.11 12 All these findings suggest PTEN as a possible can-
didate gene that may account for those families not result-
ing from BRCA1 or BRCA2.

Families were genotyped at two institutions, the
International Agency for Research on Cancer (IARC) and
the Institute of Cancer Research (ICR). The IARC data
set contains 10 families, identified from four centres
(University of Pennsylvania, Creighton University, Insti-
tute Curie, and Centre Jean Perrin in Clermont-Ferrand).
Each family contained at least four cases of breast cancer,
at least three of which were diagnosed before the age of 60
and had a DNA sample available for analysis. The UK
data set contains 46 families with at least three aVected
cases, contributed by ICR, University of Leiden, Deut-
sches Krebsforschungszentrum (DKFZ), and University
of Southampton. All families were genotyped for several
markers flanking the BRCA1 and BRCA2 loci and all
families had at least one aVected subject screened for
germline BRCA1 and BRCA2 mutations. Screening for
mutations was carried out using either direct sequencing
or SSCP/heteroduplex.7 The sensitivity of mutation
testing for detecting mutations within the coding regions
is thought to be over 85%. The overall sensitivity, taking

into account non-coding alterations, is estimated to be
60-70%.8 For all families without a BRCA1/2 mutation,
we calculated the posterior probability of the family being
the result of BRCA1/2, based upon the pedigree structure,
the breast cancer phenotypes, the sensitivity of the muta-
tion screening, and the linkage data. Prior probabilities
used were those reported in Ford et al.8 The vast majority
(95%) of these families had posterior probabilities of
being the result of BRCA1 or BRCA2 of less than 30%
(data not shown), and most had posterior probabilities less
than 15%. The average number of aVected per family was
4.9. The number of pedigrees typed for diVerent markers
is listed in table 1.

Using all 56 pedigrees, we carried out a power
calculation based on computer simulation.13 Results
indicate that this data set has reasonable power to detect
linkage to a locus which can explain at least 75% of the
families (expected lod score 5.04 for a marker with 10
equally frequent alleles 1 cM from the disease locus).

Both parametric and non-parametric multipoint linkage
analysis was carried out using the GENEHUNTER
program,14 with the exception of one large family for which
the multipoint point score was calculated using the
FASTLINK program.15 16 For the parametric analyses we
assumed a susceptibility allele with frequency 0.003 and
age specific risks to susceptible subjects given by the model
of Claus et al, as modified by Easton et al.17 Marker allele
frequencies were estimated from the married in spouses in
the pedigrees. The order and genetic distances between
markers were obtained from the Genethon map18 and are
as follows: D10S219 (6 cM) D10S573 (1.8 cM) D10S215
(1.1 cM) PTEN (1.1 cM) D10S541 (2.6 cM) D10S564 (4
cM) D10S583 (1 cM) D10S185 (1 cM) D10S574.

The multipoint analysis results using all markers
flanking the PTEN locus failed to support the hypothesis of
linkage (table 2). The 56 families included in this analysis
gave an overall multipoint lod score at the PTEN locus of
−8.25. The maximum likelihood estimate of the pro-
portion of families linked to the PTEN locus was 0.0 with
a 95% confidence interval of 0.00-0.32. Partitioning the
families by average age of onset gave a small positive
heterogeneity score (hlod=0.21) in the families with earlier
age of onset with an estimate of 23% linked (95% CI 0.00-
0.72). Similarly, when the families were stratified by
number of breast cancers in the pedigrees, a small positive
heterogeneity lod score (0.34) was also obtained in the 20
families with six or more cases, with an estimated
proportion of 34% linked (95% CI 0.00-0.87). To guard
against false exclusion of PTEN owing to inaccuracies in
the assumed genetic model, non-parametric analysis was
also performed. The non-parametric analyses also gave no
hint of linkage to the PTEN locus. In light of this study, we
conclude that the gene responsible for Cowden disease is
unlikely to be a major determinant of non-BRCA1/BRCA2
familial breast cancer, at least in these 56 families, and that
other major susceptibility loci are likely to exist.

Table 1 Number of families typed at diVerent markers

Markers No of pedigrees

D10S574, D10S215, D10S583 43
D10S541 42
D10S219 10
D10S564, D10S185 9
D10S573 3

Table 2 Results of 10q analysis at PTEN

Family types No Lod Hetlod* Alpha† 95% CI NPL‡ p value

All families 56 −8.25 0.00 0.00 (0.00–0.32) −0.17 0.42
3 aVected 21 −4.33 0.00 0.00 (0.00–0.37) −0.14 0.54
4–5 aVected 15 −4.06 0.00 0.00 (0.00–0.45) −0.02 0.47
6 more aVected 20 −1.59 0.34 0.00 (0.00–0.87) 0.45 0.30
Average age of aVected in family

<50 20 −3.03 0.21 0.23 (0.00–0.72) 0.68 0.23
50+ 36 −6.96 0.00 0.00 (0.00–0.27) −0.29 0.69

*Lod score computed under heterogeneity.
†Proportion of linked families.
‡Non-parametric lod scores.
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Microdeletion 22q11.2: clinical data
and deletion size

EDITOR—Ninety probands with microdeletion 22 were
ascertained at The Hospital for Sick Children, Toronto,
between 1 January 1994 and 1 June 1997. All patients had
been karyotyped by G banding and were found to have a
46,XX or 46,XY karyotype except for one patient who
had a de novo unbalanced translocation: 45,XY,der(6)
t(6;22)(p25;q11.2)/45,XY,der(6)t(6;22)(p25;q11.2),+f.
The fragment was very small and was not defined. All were
shown by FISH analysis to be deleted for D22S75 using
probe N25 (Oncor, Gaithersburg, MD). FISH analysis for
D22S75 was also performed on 126 parents of 73
probands. The study was approved by the Research Ethics
Board of the hospital and written informed consent was
obtained.

Clinical data were reviewed retrospectively in 90 cases.
Forty five (50%) were female and 45 (50%) male. The
median age at diagnosis was 5.5 years, with 23 cases (26%)
under the age of 1 year. The height in relation to age was
lower than average, with 69/85 cases (81%) being less than
the 50th centile (no data in five cases). Head circumference
was less than the 50th centile in 56/80 cases (70%) (no data
in 12 cases). Data on palatal abnormalities/hypernasal
speech were available in 72 cases with no data in 18 cases.
Palatal abnormalities/hypernasal speech were found in
55/72 cases (76%): 28 patients had hypernasal speech
without cleft, four a bifid uvula, 12 a submucous cleft, eight
an overt cleft palate, and three a cleft lip and palate.
Because nasal endoscopy to include or exclude a
submucous cleft was not performed under the age of 6
years, data from those under 6 years of age and those 6
years and over were assessed separately. Palatal
abnormalities/hypernasal speech were found in 21/33
(64%) of those under 6 years of age and in 34/39 (87%) of
those 6 years of age or above. Of the 18/90 cases (20%) for
which no data were available, the chart did not contain a
statement that the palate was normal. Of these, 17 were
from the younger and one was from the older age group. A
heart defect was found in 60 patients (67%). A renal ultra-
sound was performed in 33 cases, which showed
abnormalities in eight (24%).

Development was scored as abnormal if motor mile-
stones were more than six months delayed, or special edu-
cation was needed, or psychiatric disease was diagnosed.
Cases without follow up beyond the age of 1 year were
scored as “no data”. Because mild mental impairment may

Table 1 Uncommon clinical features in study patients

No of patients

Transient thrombocytopenia 6
Inguinal hernia 6
Hypoplasia of orbicularis oris muscle 3
Imperforate anus 3
Craniosynostosis 2
Cerebral AV malformation 1
Arthropathy 1
Graves disease 1
Endocardial fibroelastosis 1
Volvulus and malrotation 1
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not be evident in infancy and in very early childhood,
patients were separated into two groups to evaluate
development: those under 3 years of age (n=34) and
those 3 years of age or over (n=56). In the group under 3
years of age, insuYcient data were available in 23 cases,
eight cases showed developmental concerns, and two
had age appropriate development. In the 56 cases 3 years
of age or over, 48 were abnormal and eight were
normal.

Table 1 summarises the less common clinical findings in
this study; some may be coincidental. However, all of these
findings have been reported in association with the deletion
in other studies.1–4

FISH analysis was performed on metaphases from
cultured lymphocytes according to standard protocols5 on
76/90 (84%) of the probands. Cosmid probes pH11
(D22S36), H2 (HCF2), cHKAD26,6 and LN80
(D22S801) within 22q11.2 and a control probe pH17
(D22S39) within 22q13 were used. Order of the loci from
centromere to telomere are as follows: D22S36, D22S75,
HCF2 and cHKAD26, D22S801//D22S39. D22S36 is
considered to lie 450-650 kb distal to D22S427,7 whereas
HCF2 and cHKAD26 (relative position to each other not
unequivocally known) are close to D22S311.8–10 A
minimum of 10 metaphases were analysed after selection
for a positive signal at the control locus. Mosaicism was not
ruled out. Three types of deletions were found. A large
deletion that included D22S36, D22S75, HCF2,
cHKAD26, but not D22S801 was found in 64/76
probands (84%). A proximal deletion that included
D22S36 and D22S75 but not HCF2, cHKAD26, and
D22S801 was found in 11/76 probands (14%). In one
patient, this proximal deletion was secondary to an unbal-
anced reciprocal translocation. An intermediate deletion
that included D22S75, HCF2, and cHKAD26 but not
D22S36 and D22S801 was found in one case. The large
and proximal deletions are consistent with the 3 Mb and
1.5 Mb deletions reported.10 11

Seven of the deletions were found to be familial, five
maternal and two paternal. Sib occurrence was found in
four families. The large common deletion was found in 6/7
familial cases and included a family with a 9 year old boy
with normal development whose father with the deletion
was a secondary school teacher. The father has a repaired
cleft palate and mild facial features as his only clinical
manifestations. Clinical data of the 12 cases with deletions
involving fewer of the tested loci are summarised in table
2. The case with the intermediate deletion (case 12 in
table 2) presented at the age of 20 years with hypocalcae-
mia, owing to partial hypoparathyroidism. Hypothyroid-
ism requiring medication had been previously detected.
He had been born at 33 weeks gestation and had required

repair of bilateral inguinal hernias during infancy. A vesi-
coureteral reflux was diagnosed. His school performance
was not as good as his unaVected sister’s, but he
completed high school and was working in a warehouse.
He had a slightly long face with narrow palpebral fissures.
His speech was hypernasal and he had a submucous cleft.
With respect to the phenotypes of all the probands in this
study, no correlation was found with deletion size, as in
other studies.9 11

Deletions in microdeletion 22 are reported to be 2-3 Mb
in size with several genes reported for the commonly
deleted region. The shortest region of overlap of
approximately 300 kb has been defined.12 13 A high level of
interchromosomal rearrangements has been reported for
the origin of deletion 22q11.214 and the presence of diVer-
ent deletions found in our study suggests that diVerent
repeat sequences may be used for unequal crossing over
during meiosis. The range of clinical features seen in this
study is consistent with that reported in large studies.1 How
haploinsuYciency of a 2-3 Mb region can lead to such a
wide range of clinical phenotypes in microdeletion 22 is
unclear.
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Table 2 Clinical data of patients with atypical deletions

Case Age (y) Height (centile) Palate Hypernasality Heart Development Parents

1 0.01 <3 ND ND TA ND +/+
2 0.01 3-10 ND ND IAB ND +/+
3 0.7 <3 No cleft HN TOF ND +/+
4 0.8 10-25 No cleft ND TA Delay +/+
5 1.0 25-50 ND ND IAA ND +/+
6 2.1 50 Bifid uv HN PVA Delay +/ND
7 5.8 25-50 No cleft HN PVA Delay Mat
8 10.2 3-10 No cleft HN Normal Delay +/+
9 12.5 <3 No cleft HN Normal Delay +/ND
10 13.5 25-50 Subm ND Normal Delay +/ND
11 4.3 75 No cleft No HN PVA,VSD, RA Delay +/+
12 20.7 25 Cleft HN Normal Delay +/ND

Cases 1-11, proximal deletion, deleted for D22S36, D22S75 but not for HCF2 and cHKAD26, includes case 11 with 45,XY,der(6)t(6;22); case 12, not deleted for
D22S36 but deleted for D22S75, HCF2, cHKAD26. Height relative to age.
Palate: nasal endoscopy performed at or >6 y. Subm = submucous cleft. Bifid uv = bifid uvula. Hypernasality: HN = hypernasal speech. Heart: TA = truncus arte-
riosus, IAB = interrupted aortic arch type B, TOF = tetralogy of Fallot, IAA = interrupted aortic arch type A, PVA = pulmonary valve atresia, VSD= ventricular sep-
tal defect, RA=right aortic arch. Parents: FISH analysis for D22S75, maternal/paternal results, + = not deleted, mat = maternal deletion. ND = no data.
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Angelman syndrome: AS phenotype
correlated with specific EEG pattern
may result in a high detection rate of
mutations in the UBE3A gene

EDITOR—Angelman syndrome (AS) is a genetic disorder
characterised by severe mental retardation, no speech, a
wide based gait with arms flexed at the elbows, resembling
a newly walking toddler, paroxysms of laughter, character-
istic facial features, epileptic seizures, and typical EEG
abnormalities.1–3 The clinical diagnosis can be confirmed
by chromosomal studies or molecular analysis in about
80% of patients, in most of whom a maternally inherited
deletion of chromosome 15q11-13 is found. Rarely, other
abnormalities are found, such as an abnormal methylation
pattern of the 15q11-13 region of the maternal chromo-
some, paternal uniparental disomy (UPD), or imprinting
centre mutations. In the remaining 20% no abnormality
can be identified. Recently, two groups described muta-
tions in the E6-AP ubiquitin protein ligase gene (UBE3A),
located within the 15q11-13 region,4 5 suggesting that defi-
ciency of the UBE3A locus could cause AS.

We previously described AS patients without a detect-
able deletion or UPD who had been diagnosed with AS on

the basis of clinical signs and symptoms as well as EEG
findings.6 The DNA samples available to the Department
of Clinical Genetics in Rotterdam (n=7) were analysed for
mutations in the UBE3A gene. The clinical signs and
symptoms of the patients are described in table 1. The
cases were two brothers aged 14 and 19 years (patients 1
and 2), one female aged 53 years, an apparently sporadic
case (patient 3), male monozygotic twins aged 31 years
(patients 4 and 5), and two brothers aged 20 and 16 years
(patients 6 and 7).6 In addition, we included the 4 year old
aVected half sister of patients 6 and 7 (patient 8), who has
the same mother. All mothers were phenotypically normal.
Five patients have had epileptic seizures. Two of them are
seizure free (patients 6 and 7, one taking antiepileptic
drugs (AEDs) and one without AEDs) and the other three
have absence seizures (patients 1 and 2) or a combination
of absence seizures and myoclonic seizures (patient 3).
Three patients had never had epileptic seizures. EEG
studies have been performed in all patients. The specific
EEG findings have been previously described.2 3 6 The
results are shown in table 1.

Mutations were identified by SSCP analysis of genomic
DNA, direct sequencing of exons with aberrant patterns,
and confirmation by allele specific oligonucleotide hybridi-
sation. When available, parental DNA was included in the
analysis. Patients 1 and 2 had a 1 bp insertion in exon 16
(3027insT), which was shown to be of maternal origin.

Table 1 Clinical signs and symptoms and EEG findings in eight AS patients with UBE3A mutations

A1234 A1234 A3799 A5627 A5627 A7671 A7671 A7671

Age 14 19 53 31 31 20 16 4
Face

Macrostomia + + + + + + + +
Mandibular prognathism + + + + − + + −
Flat occiput − − + + + + − −
Microcephaly + + + − − − + −
Blue eyes + − − + + + + −
Blonde hair + − − + + + − +
Brachycephaly + + + − − + + +
Strabismus + − − + + + − +
Occipital groove − − + + + − − −
Widely spaced teeth − − No teeth − + + − +

Neurological findings
Developmental delay + + + + + + + +
Raised flexed arms + + + + + + + +
Ataxic puppet-like gait + + + + + + + +
Limb hypertonia + + + + + + + +
Hyperreflexia + + − + + + + −
Tremor + + − − − + + −
Epileptic seizures + + + − − + + −
Scoliosis − + + + + + − −
Truncal hypotonia + + − + + + − +

Behaviour
Happy facial expression + + + + + + + +
Absent speech (<3 words) 5 words 6 words 4 words + + 10 words 6 words 8 words
Paroxysms of laughter + + + + + + + +
Tongue protrusion + − + − − + + +
Hyperactivity + + − + + + + +

Specific EEG + + + + − + − +
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Patient 3 was found to have a 2 bp deletion in exon 9
(946delAG). The monozygotic twins (patients 4 and 5) had
a mutation 3076ins4 in exon 16. Patients 6, 7, and 8 had a 7
bp deletion starting at position −12, in intron 11, which was
also found in their mother’s DNA. The eVect of this deletion
is currently being investigated at the RNA level. Hence, we
detected mutations in each of four unrelated cases, two of
which were clearly familial. Other studies reported detection
of a UBE3A mutation in eight of 10 familial cases7 and six
of eight familial cases,8 whereas much lower detection rates
were reported in isolated cases (around 20%).

Although the spectrum of clinical signs and symptoms of
our patients is essentially the same as in AS patients in
general, the overall phenotype seems to be milder than in
AS patients with a chromosome 15q11-13 deletion. To
investigate this further, it will be necessary to compare our
clinical observations with future reports on AS patients
with UBE3A mutations. The epileptic seizures in our
group of patients are also less severe and easier to control
with AEDs.6 9 The same UBE3A mutation may lead to dif-
ferent AS phenotypes. The 4 year old patient, a half sister
of patients 6 and 7, is moderately retarded, has milder dys-
morphic AS features than her half brothers, and has had no
epileptic seizures so far. One of the monozygotic twins has
a severe thoracic scoliosis and the other a mild one.

Our study shows that the clinical signs and symptoms in
AS patients combined with specific EEG patterns may
result in a very high detection rate of UBE3A mutations.
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DiVerent genotype of periosteal and
endosteal cells of a patient with
polyostotic fibrous dysplasia

EDITOR—Fibrous dysplasia of bone is a sporadic develop-
mental condition characterised by intense marrow fibrosis
and increased rates of bone turnover. Mutations of the
gene encoding the á subunit of the stimulatory guanine
nucleotide binding protein (GNAS1) linked to adenylate
cyclase have been described in bone cells from patients
with McCune-Albright syndrome.1 2 The mutations identi-
fied are missense point mutations within exon 8 that result
in a substitution of histidine or cysteine for arginine at
amino acid 201 (R201H or R201C). Both mutations lead
to the constitutive activation of adenylate cyclase resulting
in increased signalling through the cyclic AMP (cAMP)
pathway. While the cause of fibrous dysplasia of bone has
been clarified by the discovery of GNAS1 mutations in
bone cells, the pathogenesis of the characteristic finding of
bone lesions is as yet unclear. We have performed molecu-
lar analysis of cultured cells isolated from the periosteum
and hypertrophic endosteal membrane of the identical area
in a patient with severe polyostotic fibrous dysplasia asso-
ciated with a degenerate cystic bone change.

The patient was an 11 year old Japanese boy who had
severe polyostotic fibrous dysplasia involving the upper and
lower extremities, ribs, vertebral bodies, pelvis, and skull. He
felt unbearable pain in his right upper arm without history of
trauma. Radiographic examination showed a “blow out”
expansion of a cystic lesion with only faintly visible cortical
margins (fig 1). An open biopsy was performed, showing a
thin shell of bone, a cavity filled with yellow serous fluid, and
endosteal hypertrophic fibrous membrane. Histological
examination showed that the bone matrix was thin and

poorly mineralised and there was prominent mesenchymal
cell proliferation with numerous secretory granules in the
endosteal fibrous or granulomatous capsule.3

Samples of the endosteal fibrous capsule and the perios-
teum were cultured in Dulbecco’s modified Eagle medium
(DMEM) (Gibco BRL) supplemented with 10% fetal calf
serum and antibiotics. Genomic DNA was extracted and
analysed for mutations of GNAS1 exon 8 by PCR coupled
with direct sequencing. The GNAS1 exon 8 PCR amplicon
derived from the cultured endosteal fibrous membrane
showed heterozygosity for a C to T transition within codon
201, resulting in a substitution of cysteine for arginine
(R201C). On the other hand, normal alleles were observed
within GNAS1 exon 8 in the cells from the periosteum.

Activating missense mutations of GNAS1 leading to
overactivity of adenylyl cyclase have been identified in bone
samples from patients with McCune-Albright syndrome
and monostotic fibrous dysplasia,4–6 but the mechanism
leading to the specific development of fibrous dysplasia in
bone has not been well elucidated. It was suggested that
Gsá is normally highly upregulated in the transition from
pre-osteoblasts to fully mature osteoblasts.7 A probable
consequence of the adenylate cyclase activating mutations
of GNAS1 in bone lesions of fibrous dysplasia is the
increased expression of the c-fos proto-oncogene and its
proteins,8 and the activation of the transcription factor
AP-1.9 Further investigations showed evidence of increased
interleukin (IL)-6 production by mutant cells.10 11 The
presence of the AP-1 binding site in the promotor regions
of the IL-6 gene indicates the mechanisms by which IL-6
production is mediated and the biological response to IL-6
is an increased number of osteoclasts in the lesions.12 These
findings suggest that the activating mutations of GNAS1
in osteoblastic cells produce constitutive activation of
adenylate cyclase, increased cell proliferation, and inappro-
priate cell diVerentiation, which results in a disorganised
fibrotic bone matrix in fibrous dysplasia.13 In addition,
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increased osteoclasts may promote bone resorption result-
ing in extensive invasion of fibrous dysplasia.

Activating GNAS1 mutations are thought to occur
postzygotically leading to a somatic mosaic state. In endo-
crine organs from patients with McCune-Albright syn-
drome, the highest proportion of mutated cells was
observed in abnormal tissues, but was very low in
histologically normal parts of the same organ.1 Bianco et
al14 cultured progenitor cells of the bone marrow stroma
involved in fibrous dysplasia and showed two diVerent
genotypes in single fibrous dysplastic lesions: marrow stro-
mal cells containing two normal alleles and those contain-
ing a normal allele and an allele with an activating
mutation. Here we delineated for the first time a molecular

diVerence between the periosteum and the endosteum of
the identical aVected area in a patient with polyostotic
fibrous dysplasia, although these findings might be specific
for the present patient rather than generalised.

The normal periosteal cells in the present case probably
stimulate appositional bone formation during bone remod-
elling, while the mutant cells of the endosteal tissue not
only increase in number but also produce an abnormal
complement of bone matrix protein. In addition, the
mutant cells may stimulate osteoclasts and promote bone
resorption. In bone remodelling of the patient, bone
resorption and replacement by endosteal fibrous tissue
may exceed new bone formation by the periosteum, result-
ing in an extraordinarily thin cortex. Increased excretion by
abnormal endosteal cells may accelerate characteristic
deformity of bone expansion.
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A probable case of familial Weaver
syndrome associated with neoplasia

EDITOR—Overgrowth is a well recognised feature in several
dysmorphic syndromes. These conditions often have over-
lapping clinical pictures and on occasions it can be diYcult
to fit patients into known categories. In 1974, Weaver et al1

described a syndrome of accelerated growth and advanced
bone age associated with macrocephaly, developmental
delay, and distinctive facies with a broad forehead, hyperte-
lorism, large ears, micrognathia, and a long philtrum. Since
the original report, over 30 cases have been published.

An increased incidence of neoplasia has been associated
with other overgrowth syndromes, particularly in
Beckwith-Wiedemann syndrome, but has been reported in
Weaver syndrome only on one previous occasion.2 This low
incidence may reflect the relative rarity of the condition.

We were recently referred a boy at the genetic clinic with
probable Weaver syndrome. His mother had mild features
of the condition and in addition developed an ovarian
endodermal sinus tumour in her teenage years.

The proband was delivered at term +9 by caesarian sec-
tion for fetal distress following an otherwise uneventful
pregnancy. He had aspirated meconium and at delivery had
low Apgar scores of 3, 4, and 8 at one, five, and 10 minutes
respectively. Intubation and ventilation was required for

Figure 1 Expansion of the cystic lesion and extremely thin cortex in the
right humerus.
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five minutes, but the baby recovered well, and after one
night on SCBU was returned to the ward and experienced
no further diYculties. Birth weight was 4460 g (91st cen-
tile), OFC was 39 cm (>99th centile), and length was 58
cm (99th centile). He was not noted to have any
dysmorphic features at this time and was discharged.

The next contact with paediatric services was at the age
of 2 years when he was referred for assessment for tiptoe
walking. He had poor speech at this time and also a
tendency to have very severe tantrums. On examination he
was noted to have a large, round face with a prominent
forehead, mild hypertelorism, a flat nasal bridge, and large
ears. He also had square hands and a large gap between his
hallux and second toe. Neurological examination showed
increased tone bilaterally in the lower limbs, with upward
plantar reflexes and symmetrical but brisk deep tendon
reflexes. Upper limbs were normal. Weight, height, and
OFC remained greater than the 97th centile. A formal
developmental assessment performed at 31 months
showed a moderate delay in most areas, but severe delay in
speech, performing at a developmental level of 17 months.

Subsequent review by the clinical genetics service noted,
in addition, posteriorly rotated ears, anteverted nares, a
deep, broad philtrum, a long, thin tongue and a marked
“Cupid’s bow” of the lips (figs 1 and 2). His hands were
slightly puVy with tapering fingers. His feet were broad,
with mild incurving of the fourth and fifth toes bilaterally.

Chromosome analysis, including fragile X screening,
was normal. Urinary mucopolysaccharides were negative.
Bone age at age 4 years 10 months was variably advanced
in diVerent bones; ulnar and radial epiphyses were
estimated at 5 years of age, but the carpal bones were more
advanced, with the trapezoid having a 6 year appearance,
the trapezium 7 years, and the scaphoid 8 years. The
phalangeal epiphyses were also advanced, at a bone age of
6 years.

The subject has continued to show overgrowth through-
out childhood, with his height, weight, and OFC remaining
above the 97th centile at 7 years 9 months. He has also
continued to show some behavioural abnormalities,
although these have changed from major tempers and dis-
ruptive behaviour to a tendency to solitude accompanied
by some obsessive traits such as an intense fascination with
bus routes and trains. He has a short attention span and
immature social skills. In terms of intellectual develop-
ment, his ability in mathematics and reading is reported to
be normal, but his fine and gross motor skills are delayed
and he has coordination diYculties. He continues to have
phonation problems and his speech, though markedly
improved, is still somewhat unclear. He attends a school for
children with physical disabilities. His gait has improved,
although he still has a tendency to tiptoe walking and his
reflexes remain brisk.

The mother was born at term weighing 3640 g. She had
normal developmental milestones, attended grammar
school, and now works as a civil servant. She had no seri-
ous childhood illnesses, but was always considered to be a
large child and was investigated for this. Complete records
of her growth in childhood are not available, but her notes
record that she was markedly overweight at the age of 3
years 9 months, with the height of a child of 7 years at this
time. In addition, it has been noted that her deciduous
dentition had fallen out by the age of 4 years 6 months. By
the age of 11 years she was 165 cm tall (>97th centile) and
she is now 170 cm (85th centile) with OFC and weight
both above the 97th centile. She has a facial appearance
similar to that of her son, with a round face, depressed
nasal bridge, and broad nasal tip (fig 3). Her philtrum is
broad and her chin small and prominent. She has small
fingernails and toenails, most marked on the first, second,
and third toes, and there is overriding of her fifth toe bilat-
erally (fig 4). She has mild pes cavus bilaterally.

At the age of 17, she was found to have a large right sided
ovarian cyst. This was excised and found on histology to be
a malignant neoplasm, namely an endodermal sinus
tumour. She was treated with chemotherapy and has been
well since.

Figure 1 Photograph of case 1 in early childhood. Note the flat nasal
bridge, broad tip, large ears, broad philtrum, and small pointed chin.
(Photographs reproduced with permission.)

Figure 2 Case 1 aged 7 years 9 months.

726 Letters

 on M
ay 23, 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.36.9.714 on 1 S
eptem

ber 1999. D
ow

nloaded from
 

http://jmg.bmj.com/


The diagnosis of Weaver syndrome, as distinct from the
other known syndromes associated with overgrowth, can
be diYcult. The overwhelming majority of published
reports of Weaver syndrome have described cases in
infancy or early childhood, and the characteristic facies
with broad forehead, flat nasal bridge, long philtrum, large
ears, and micrognathia are observations in this age group.
Reports of two adults with the syndrome emphasise the
tendency of these features to become less obvious with
increasing age.3 4 This makes the diagnosis more diYcult in
older children and adults. Unfortunately no earlier photos
were available in this family. The mother’s final height is a
little against the diagnosis being only on the 80th centile in
adulthood, as most convincing cases of Weaver syndrome
in adulthood are above the 98th centile. However, there is
likely to be variation in final adult height in this syndrome
and it is possible that treatment of the ovarian tumour
aVected her growth. Comparison of all features observed in
the mother and son of this case report with recognised fea-
tures of Weaver syndrome makes the diagnosis likely here
(table 1). Macrocephaly syndromes, such as Cowden syn-
drome, were considered in this family. However, none of
the skin manifestations often seen in this condition were
present in either mother or son and advanced bone age is
not a recognised feature of this syndrome.

The majority of published cases of Weaver syndrome to
date appear to have been sporadic, but there have been
exceptions. Ardinger et al3 and Majewski et al5 both
describe cases in which the mothers of boys with Weaver
syndrome had a similar facial appearance and growth pat-
tern to their sons, but were of normal intelligence. It has
been proposed that either autosomal dominant inheritance
with sex limited expression or possibly X linked recessive
inheritance, would explain these family histories. Such an
inheritance pattern might also explain why the syndrome

appears to be more common in males; reports to date sug-
gest the condition is diagnosed almost twice as frequently
in males than females.6

However, Dumic et al7 reported a case of twins (a boy
and a girl) both aVected with Weaver syndrome and their
mother who was tall and macrocephalic, with large ears, a
hoarse voice, and thin, deep set nails. The sibs were equally
aVected in this case suggesting no sex diVerences in the
expression of the condition. Another report by Fryer et al8

describes a case of father to daughter transmission in which
the daughter is the more markedly aVected of the two and
recently Proud et al9 reported father to son transmission for
the first time. Sex linked expression in the light of these
reports seems unlikely and it is now suggested that Weaver
syndrome is, in fact, inherited in an autosomal dominant
fashion. It is well recognised that ascertainment of adult
parental cases is biased towards the milder end of the spec-
trum, irrespective of sex, and the cases of Ardinger et al3

and Majewski et al5 may be a reflection of this tendency.
A further point of interest raised by this case is the diag-

nosis of a rare ovarian tumour in the mother, who we
believe to have a mild form of Weaver syndrome. Endoder-
mal sinus tumours, otherwise known as yolk sac tumours,

Figure 3 Mother and son. Mother has a similar facial appearance to her son, with broad nasal tip and long, broad philtrum.

Figure 4 Feet of mother showing small nails in adulthood.

Table 1 Clinical features of present cases

Features Case 1 Case 2

Birth weight 4460 g
(97th centile)

3600 g
(75th centile)

Birth length 58 cm
(>97th centile)

?

Birth OFC 39 cm
(>97th centile)

?

Current weight 43.8 kg
(>97th centile)

?

Current height 138.6
(99.6th centile)

Now 170 cm
(80th centile)
Age 11 - 165 cm
(>99th centile)

Current OFC 59.5 cm
(>9th centile)

57 cm (>97th centile)

Round face + +
Retrognathia + +
Small, prominent chin + +
Deep, broad philtrum + +
Round cheeks in childhood + +
Deep set nails - +
Overriding toes - +
Camptodactyly - -
Poor concentration + -
Temper tantrums + -
Brisk reflexes + -
Hyper/hypotonia + -
Inguinal/umbilical herniae - -
Advanced bone age + ?
Bone age carpals > phalanges + ?
Pes cavus - +
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are neoplasms exhibiting diVerentiation towards embryo-
nal endodermal yolk sac structures. The overall incidence
of these tumours is rare, but they are the second most
common malignant germ cell tumour of the ovary (after
dysgerminoma). They generally occur in the second to
third decade of life, although about 10% occur before the
age of 10 and these childhood endodermal sinus tumours
(CESTs) have been linked to deletions on the short arm of
chromosome 1 at 1p36.10 Yolk sac tumours are very
aggressive, rapidly growing tumours which untreated have
a three year survival of only 13%. They are, however,
extremely responsive to treatment by surgery and chemo-
therapy and with current treatment many patients now
make a full recovery.

Our case is a second report of neoplasia occurring in
Weaver syndrome. In view of this case, and the known
association of other syndromes of overgrowth with neopla-
sia, it would appear that subjects with Weaver syndrome
may indeed be at increased risk of such complications. We
would therefore agree with the recommendation of
Ardinger et al3 that these subjects should be observed for
neoplasia and any cases of such be reported. The diversity
of tumours reported, however, render screening impracti-
cal.
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