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Mutations of PTEN in patients with
Bannayan-Riley-Ruvalcaba phenotype
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Abstract
We report three new mutations in PTEN,
the gene responsible for Cowden disease
in five patients with Bannayan-Riley-
Ruvalcaba syndrome from three unre-
lated families. This finding confirms that
Cowden disease, a dominant cancer pre-
disposing syndrome, and Bannayan-
Riley-Ruvalcaba syndrome, which
includes macrocephaly, multiple lipomas,
intestinal hamartomatous polyps, vascu-
lar malformations, and pigmented mac-
ules of the penis, are allelic disorders at
the PTEN locus on chromosome 10q.
(7Med Genet 1998;35:886-889)
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The term "Bannayan-Riley-Ruvalcaba" syn-
drome (BRR) (MIM 153480) has been
proposed' to encompass three autosomal
dominant conditions previously described as
separate entities: Bannayan-Zonana, Riley-
Smith, and Ruvalcaba-Myhre syndromes.
Typical clinical features of BRR include
macrocephaly, multiple lipomas, intestinal
hamartomatous polyps, vascular malforma-
tions, and pigmented macules of the penis. At
least half of the patients affected with BRR
have hypotonia, delayed psychomotor develop-
ment, mild to severe mental deficiency, and
seizures.' BRR exhibits a number of clinical
similarities to Cowden disease (CD), a domi-
nant cancer predisposing syndrome, also
known as multiple hamartoma syndrome. CD
is characterised by mucocutaneous findings
that include facial trichilemmomas, oral papil-
lomatosis, and acral/palmoplantar keratosis.
Patients with CD can also exhibit hamartomas
in several organs and are at an increased risk for
both thyroid and breast cancers, breast cancer
developing in 20-25% of women and thyroid
cancer in 3-10% of all affected subjects.3 In
addition, about 25% of CD patients have
lipoma and macrocephaly.2 In contrast, hyper-
pigmented macules of the penis are rare in
subjects with CD, having only been reported
twice.'

Given the clinical similarities between these
disorders, the idea of a possible common
genetic pathogenesis between BRR and CD
was previously put forward.4 Recently, muta-
tions in the putative tumour suppressor gene
PTEN, encoding a protein tyrosine phos-
phatase, were detected in patients with CD.5 6
Subsequently, Marsh et aft discovered germline

mutations in PTEN in six BRR patients from
two unrelated families, suggesting that CD and
BRR are indeed allelic disorders.

In this paper, we report three new mutations
in PTEN in five subjects with BRR from three
unrelated, European families, confirming that
mutations in PTEN result in both CD and
BRR phenotypes.

Patients, materials, and methods
FAMILY A
Patient 1
The proband (III.3, fig 1), a 17 year old French
male, was mildly mentally retarded and had
enuresis and encopresis since early childhood.
At the age of 15, a fibroscopic examination of
the upper gastrointestinal tract showed multi-
ple 0.5 to 5 mm polyps in the stomach which
were hamartomatous on pathological examina-
tion. Colonoscopic examination was normal.
At 17 years of age, physical examination
showed macrocephaly (occipitofrontal circum-
ference (OFC) 64 cm, >97th centile) and a
vascular malformation of the right buttock,
which on arteriography was shown to be a haem-
angioma. Mucocutaneous findings included
multiple oral papillomas, 2 small cafe au lait
macules, and multiple 1 to 5 mm pigmented
macules on the glans and the shaft of the penis.
A colonoscopic examination showed about 10
1 to 5 mm hamartomatous polyps in the
rectum. Thyroid ultrasonography and scinti-
graphy were normal.

Patient 2
The father of the proband (I1.2, fig 1) had a
history of mild mental retardation, psychiatric
disorder, and alcoholism. At the age of 41, he
was obese and had an adenoid facies with mac-
rocephaly (OFC 66 cm, >97th centile). Muco-
cutaneous examination showed multiple oral
papillomas, multiple facial papules, palmar
keratosis, and skin tags in the axillae and the
right flank. He had no pigmented macules of
the genitalia. A colonoscopic examination
showed multiple polyps in the colon and in the
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Figure I Pedigree offamily A.
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rectosigmoid, which were found to be ganglio-
neuromatous on histological examination.
There was no palpable thyroid tumour but
scintigraphy showed a large multinodular
endothoracic goitre. Hormonal testing showed
an abnormal level of calcitonin after stimula-
tion with pentagastrin (205 ng/l at five and 10
minutes, normal <10 ng/l), suggesting medul-
lary carcinoma of the thyroid. The gland was
surgically removed and histological examina-
tion showed features of both benign adenoma
and C cell hyperplasia without any signs of
medullary carcinoma. The subject's pentagas-
trin stimulated level of calcitonin was normal
six months after the removal of the thyroid.

Patient 3
The paternal uncle of the proband (II.4, fig 1)
also had a history of mental delay, psychiatric
disorder, alcoholism, and seizures. At the age of
29, he had had a benign polyp removed from
the stomach. An examination, when he was 37
years old, showed adenoid facies, macro-
cephaly (OFC 61 cm, >97th centile), and the
same mucocutaneous findings as his brother
(III.2). In addition, he had numerous 3 to 10
mm brown macules on the glans and the penile
shaft. A colonoscopic examination showed four
1 to 2 mm hamartomatous polyps in the
rectosigmoid. Thyroid ultrasonography and
scintigraphy were normal.

Patient 4
It is noteworthy that the paternal grandmother
of the proband (I.2, fig 1), who was dead at the
time of the study, was probably affected with
the disease. She was said to have had the same
mucocutaneous lesions as her son (II.2) and
she died at the age of 53 years of breast cancer
and adenocarcinoma of the endometrium.

FAMILY B
Patient 1
The proband is a 24 year old French woman.
Little is known about her family history. At 9
years of age, she had several lipomas excised
from the nuchal region. At 19 years of age, a
large juvenile polyp was removed from the
colon. A year later, colonoscopic examination
showed multiple polyps that were histologically
diagnosed as ganglioneuromas. At 21 years of
age, she had subcutaneous vascular malforma-
tions removed from the third finger of the right
hand and from the right thigh and another
lipoma was removed from the right clavicular
region. At 24 years of age, she was noted to
have macrocephaly (OFC 59.3 cm, >97th cen-
tile) and examination showed subcutaneous
lipomas of the left ankle and multiple small lin-
gual papillomas. She had normal intellect.
Thyroid ultrasonography, thyroid scintigraphy,
and mammography were normal.

Patient 2
The first son of the proband was born prema-
turely after 38 weeks of gestation. At birth, he
weighed 2980 g. During his first year of life,
weight and height followed the +2 SD curve.
OFC was 49 cm (>97th centile) and 52.5 cm
(>97th centile) at the ages of 7 and 15 months,

respectively. Cutaneous findings included one
small cafe au lait macule on the right ankle and
one achromic macule and two small verrucae
vulgaris on the right leg. Early motor develop-
ment was normal. This boy has not been tested
for mutations in PTEN.

FAMILY C

The patient is the first of two boys born to
healthy, non-consanguineous, Portuguese par-
ents. At birth, the father was 29 years old and
the mother 24. OFC of the father was 59 cm
(97th centile) and that of the mother 57 cm
(75th centile). His younger brother has no
medical problems. A paternal uncle was said to
have a unilateral congenital haemangioma of
the leg, but no further details are available.
Following an unremarkable pregnancy, the
proband was born at term by spontaneous
vaginal delivery. Birth weight was 4280 g
(>90th centile), birth length 53 cm (50th-90th
centile), and OFC 39.5 cm (>90th centile). A
systolic heart murmur, first heard at the -age of
1 month, led to the diagnosis of aortic stenosis
at the age of 4 months. Psychomotor develop-
ment was normal. Between 1 and 2 years of
age, a soft tumour progressively developed over
the mid back. At the time of surgical excision at
the age of 3 years, it had reached a diameter of
13 cm. The lesion was a lipoma on histological
examination. Another soft indolent mass in the
right inguinal region was noted from the age of
9 years. Though there was no history of
trauma, the patient started to complain at the
age of 1 01/2 years of limited extension of his
right elbow. X rays and MRI examination were
compatible with a lipoma, compressing the
anterior brachial muscle. At the time of evalu-
ation at the age of 11 years, weight was 40 kg
(75th centile), height 151 cm (50th centile),
and OFC 60.5 cm (>97th centile). There were
no dysmorphic facial features. Heart ausculta-
tion indicated a 4/6 systolic murmur, maximal
over the second right intercostal space and
radiating over both carotid arteries. Apart from
clinodactyly of the fifth fingers and the
presence of brown macules on the penile shaft
(but not on the glans), no other abnormal
physical sign was noted. Peripheral blood
karyotype was 46,XY. Tumours excised from
both the right arm and right groin were again
histologically diagnosed as lipomas. In addi-
tion, Doppler echocardiography showed a
severely remodelled and anatomically tricus-
pid, but functionally bicuspid, aortic valve with
a gradient of 60 mm Hg. Mild aortic incompe-
tence was also present. Since his first year of
life, the patient has carried the diagnosis of
Beckwith-Wiedemann syndrome, despite the
absence of cardinal features such as ompha-
locele, macroglossia, or neonatal hypoglycae-
mia. Based on the history of macrosomia and
recurring lipomas, together with brown mac-
ules on the penile shaft, Bannayan-Riley-
Ruvalcaba syndrome was finally diagnosed fol-
lowing genetic consultation at the age of 11
years.
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Figure 2 Electrophorewograms of nucleotide sequences showing the mutations detected in exons 6 (E6) and exon 7 (E7) of
PTEN. Upper panel:-forward strand, lower panel:- reverse strand. (A) 111.3 from family A. (B) Probandfrom family B. (C)
1Probandfrom family C.

MOLECULAR ANALYSIS

Genomic DNA was obtained from blood

leucocytes using standard techniques. The nine

exons of PTEN were amplified by using Ml13
tailed primers. All the primners were intronic

except the forward primer for exon 8, corre-

sponding to the 5' part of exon 8, because a

poly T tract in the splice junction of intron 7

does not allow good quality sequence by dye

primer technology. Products of amplification

were purified by using the WizardTM PCR

purification system. Sequencing reactions were

done directly from this purified, PGR amplified
DNA with the'ABI PRISM' dye primer cycle

sequencing kit and run on an automated DNA

sequencer, the ABI PRISM 377 from P E

Applied Biosystem.

Results

In family A, a heterozygous deletion of a C at

position 1390 in exon 6 was found in the three

affected members tested (III.3, 11I.2, This

frameshift mutation results in a premature stop

at codon 198 (1390deIG) (fig 2).
In family B, a heterozygous mutation in exon

6 was found in the proband. This mutation is a

heterozygous pattern T/A for both nucleotides

1338 and 1339, probably corresponding to a

small inversion of these nucleotides

(l 338invTA) and consequently results in a

stop codon at position 178 (Yl78X) (fig 2).

In family C, a heterozygous mutation in exon

7, 1444 C-*T, was found in the proband. This

mutation results in a premature stop at codon

214 (Q214X) (fig 2). Neither parent had

evidence of the mutation, suggesting that the

mutation in PTEN was de novo (the paternity

was confirmed by DNA polymorphism analy-

sis).

Discussion
In this paper we present three previously unde-
scribed mutations of the putative tumour sup-
pressor gene PTEN, the gene responsible for
CD, in patients with the BRR phenotype, con-
firming that these diseases are allelic.'

In family A, the diagnosis of BRR was made
in. 111.6 and 11.4, given mild mental retardation,
macrocephaly, vascular malformations, intesti-
nal polyposis, and pigmented macules of the
penis. However, the mucocutaneous features
and the thyroid involvement of patient 11.2
were more suggestive of GD. The coexistence
of features common in GD and BRR within the
same family has already been pointed out by
Fargnoli et al1,4 who hypothesised that these
disorders might have a common genetic origin.
In contrast, the diagnosis of BRR was unam-
biguous in families B and C. The proband in
family B had macrocephaly, digestive tract
polyposis, subcutaneous lipomatosis, and only
mild lingual papillomatosis. In this patient,
thyroid and breast examinations were normal
and there were neither the facial nor acral
cutaneous features typically found in GD.
Similarly, the clinical features of the proband
from family C were also characteristic of BRR.

Previous reports have now shown that GD
and BRR are allelic disorders at the PTEN
locus on chromosome 10Oq. PTEN, which
stands for "phosphatase and tensin homologue
deleted on chromosome 10", is a putative
tumour suppressor gene which has been
recently cloned' from a region of the chromo-
some 10 frequently deleted in glioblastomas,
advanced prostate cancers,' and thyroid
tumours.'0 The same gene was independently
isolated by. Steck et al" (who referred to it as
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Table 1 PTEN mutations in Bannayan-Riley-Ruvakaba
syndrome

Mutations Exon References

M233X 7 7
S170R 6 7
N196N 6 7
Y68H 3 14
S170R 6 14
c.520-544del 6 14
R233X 7 14
1390delC 6 Family A
Y178X 6 Family B
Q214X 7 Family C

MMAC 1 for "mutated in multiple advanced
cancers 1 ") and by Li and Sun" (who named it
TEP1 for "TGF,B regulated and epithelial cell
enriched phosphatase"). PTEN encodes a pro-
tein with both a tyrosine phosphatase domain
and a large region ofhomology to both chicken
tensin (a protein that interacts with actin
filaments at focal adhesions) and bovine
auxilin. Somatic mutations in PTEN have been
detected in glioblastoma, sporadic breast can-

cer, prostate cancer, and endometrial
carcinooma." 13 Subsequently, germline muta-
tions in PTEN were identified in patients
affected with CD"6 and with BRR.7 "

So far (including the three mutations
presented here), seven different germline point
mutations have been found in subjects affected
with BRR from unrelated families (table 1). In
addition, an interstitial deletion at lOq23-q24
leading to the complete allelic loss of PTEN
has also been reported in a 18 month old boy
with a BRR phenotype."

Interestingly, four out of the seven point
mutations discovered in BRR patients result in
a truncated protein, indicating that the mo-
lecular defect responsible for BRR corresponds
to an inactivating mutation.

Also worthy of note, four BRR mutations
occur in exon 6 of PTEN while two mutations
occur in exon 7. In typical CD, by contrast, the
mutations are spread over the entire gene with
the exception of exons 1, 4, and 9.14 Further
studies of patients affected with BRR will show
whether mutations in exon 6 preferentially
result in this phenotype. It must be noted,
however, that at least three different mutations
in exon 6 have been observed in patients
affected with typical CD6 14 and that a mutation
(R233X) has been reported in two independ-
ent families, one affected with CD and the
other with BRR.7 It is therefore expected that
no clear phenotype-genotype correlation will
be made. It is noteworthy, however, that none
of the mutations responsible for BRR has been
found so far in exon 5, the site of the
phosphatase domain of the PTEN protein.

In conclusion, the three new mutations
found in PTEN in patients with BRR syn-
drome confirm that CD and BRR, long

considered as separate entities, are allelic. Fur-
thermore, as the features of both diseases can
in childhood be limited to macrosomia/
macrocephaly with or without mental retarda-
tion, it now seems important to screen patients
presenting with these clinical signs for PTEN
mutations. Finally, as one affected subject from
a family reported in this paper died of breast
and endometrial cancer, it may be warranted to
consider BRR as a disorder also predisposing
to cancer and to follow these patients accord-
ingly in adulthood.

Note added in proof
Since the submission of this manuscript, we
have studied another patient affected with
BRR. Briefly, this 2 year old boy had mild psy-
chomotor retardation and macrocephaly
(55 cm, +4.5 SD). He had two subcutaneous
lipomas but no pigmented macule of the penis.
Molecular analysis showed a de novo mutation
in exon 7 of PTEN (1570G-*T) resulting in a
codon stop at position 256 (E256X).
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