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A patient with Simpson-Golabi-Behmel syndrome
and hepatocellular carcinoma

Pablo Lapunzina, Isabel Badia, Cristina Galoppo, Elena De Matteo, Pedro Silberman,
Ana Tello, Jorge Grichener, Rhiannon Hughes-Benzie

Abstract
Simpson-Golabi-Behmel syndrome
(SGBS) is an X linked disorder character-
ised by pre- and postnatal overgrowth,
coarse facial features, and visceral and
skeletal abnormalities. Like other over-
growth syndromes, in the SGBS there is
an increased risk for developing neopla-
sia, mainly embryonic, such as Wilms
tumour. We report a 3 year old male
patient with SGBS and hepatocellular
carcinoma, a previously undescribed tu-
mour associated with the syndrome.
(C Med Genet 1998;35:153-156)
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Simpson-Golabi-Behmel syndrome (SGBS,
MIM 312870) is an X linked condition
characterised by pre- and postnatal overgrowth
and by a variety of congenital defects such as
multiple midline malformations, cardiac and
vertebral anomalies, coarse face, macroglossia,
organomegaly, and developmental delay.

In this condition there is a higher than
expected incidence of embryonic neoplasia,
including Wilms tumour, atypical embryoma,
and neuroblastoma. Affected males may also
be at risk for developing other embryonal
tumours including hepatoblastoma and
rhabdomyosarcoma.1
The primary defect has recently been

assigned to a gene mapping on Xq26 which
encodes a putative extracellular proteoglycan,
glypican-3 (GPC3). Such a proteoglycan is
inferred to play an important role in growth
control in mesodermal tissues2 and in tumour
predisposition.3 Four new GPC3 mutations
have recently been identified in nine additional
patients.4
We report on a 3 year old male patient with

clinical findings of SGBS and hepatocellular
carcinoma. As far as we know this is the first
patient with SGBS with a primary epithelial
neoplasm of the liver.

Case report
The child was born prematurely (36 weeks) as
the second child of young, non-
consanguineous parents. The pregnancy was
complicated by polyhydramnios and resulted
in delivery by caesarean section. His mother
had a coarse face with a broad nasal bridge,
epicanthic folds, and abnormal dentition in-
cluding dental malocclusion and enamel de-
fects. The father was healthy and had no
abnormal features. The patient's 7 year old sis-

ter was not examined but was reported to be
normal with "mild speech difficulties". At birth
his weight was 4100 g (97th centile), length was
54 cm (97th centile), and head circumference
(OFC) was 34.5 cm (60th centile). He was
macrosomic with a left sided cleft lip and
palate, macroglossia, anal stenosis, and a
tender, subcutaneous tumour on the forehead.
At the age of 1 month, bothrain CT scan and
MRI disclosed normal ventricles with no
enlarged cysternae and a dysplastic corpus cal-
losum with a lipoma in the splenium. During
the following months he grew above the 97th
centile in both weight and height. Cleft lip and
palate had been repaired at 8 months (fig 1).
Results ofBAEP audiometry were indicative of
moderate hearing loss.
The proband came to our hospital for evalu-

ation of a severely enlarged liver. When exam-
ined by us aged 3 years 2 months his weight
was 19.7 kg (>97th centile), height 104.6 cm
(>95th centile), OFC was 50.5 cm (60th
centile), and cephalic index was normal. Inter-
nipple distance was 14.5 cm (>95th centile).
He had a surgically repaired cleft lip and palate,
upturned, bulbous nose, wide nasal bridge,
mild hypertelorism, macrostomia, macroglos-

Figure 1 The patient at about 8 months. Note the
abnormal, coarse face, macroglossia, and lipoma on the
forehead. (Courtesy of the late DrH Marino Ochoa; all
photographs reproduced with permission.)
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Figure 2 The proband aged 3 years 2 months. Note the
severely enlarged liver.

sia, midline grooved tongue, a lipoma on his
forehead, one occipital naevus flammeus, three
very small left accessory nipples, pectus
excavatum, atrial septal defect, and hepatome-
galy, the liver occupying almost all the abdomi-
nal cavity (fig 2). His hands were broad and
short, with shortening of the distal phalanges
(fig 3). Bone age was 3 years. Speech and
neurological development were mildly delayed,
as was motor development because he had not
been able to pull to stand or walk.

Ultrasound examination of the liver and
abdominal CT scan both disclosed multiple
cystic lesions in the hepatic parenchyma (fig 4).
Routine laboratory tests were unremarkable
and thyroid hormones were normal. Serum
alphafetoprotein was extremely high at 17 500
IU/l (reference value 0-10 IU/1). He underwent
a fine needle liver biopsy which showed abnor-
mal cells with a pseudoglandular appearance
which were positive for alphafetoprotein on

immunohistochemistry. Hepatocellular carci-
noma was diagnosed and the patient began
chemotherapy with carboplatin plus doxoru-
bicin. Ten days later he became neutropenic,
developed a blood stained pleural effusion, and
died several days later as a result of intractable
terminal septicaemia. Permission for necropsy
was refused.

Discussion
The Simpson-Golabi-Behmel syndrome
(SGBS, MIM 312870) is an X linked disorder
characterised by pre- and postnatal over-

growth, organomegaly, cardiac and skeletal
malformations, and other abnormalities. In
addition to the families identified in the three
original papers by Simpson et al,5 Golabi and
Rosen,6 and Behmel et al,7 there have been sev-

eral additional publications identifying affected

Figure 3 Broad, short hands with shortening of distal
phalanges.

Figure 4 Abdominal CT scan showing multiple cystic
lesions in the liver.

patients (reviewed by Garganta and
Bodurtha8). Thus, more than 30 patients have
been reported so far,9 in more than 18
families.'0 There is a wide clinical spectrum in
reported cases of SBGS ranging from the more
common mild form associated with long term
survival to an early lethal form with multiple
congenital anomalies and severe mental
retardation.8 1011
The present patient had classical manifesta-

tions of SGBS, such as cleft lip and palate,
upturned nose, wide nasal bridge, hyperte-
lorism, macroglossia, midline grooved tongue,
supernumerary nipples, atrial septal defect,
and organomegaly. In addition, he had a
severely enlarged liver owing to a hepatocellu-
lar carcinoma. Though some tumours have
already been reported in SGBS, particularly
atypical embryoma, neuroblastoma, and Wilms
tumour (table 1),' 4 12 as far as we know this is
the first case of SGBS and hepatocarcinoma.

Liver tumours have been described in
association with some overgrowth syndromes,
such as the hemihypertrophy syndrome and
Sotos syndrome (hepatocellular carcinoma)'3
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Table 1 Tumours reported in patients with the Simpson-Golabi-Behmel syndrome

Family and ID GPC3 gene exon(s)
No Age at diagnosis Sex deleted Type of tumour Reference

A 11.5 19 mth M 2 Adrenal neuroblastoma 2, 4
A III.2 19 mth M 2 Wilms tumour 2, 4
G II.3 < 3 y M 1 Wilms tumour 4
SGB-2 ? M NDD Wilms tumour 25
SGB-4 7 y M 1 and 2 Wilms tumour 25

Neonate M* NP Benign gonadoblastoma 26t
UC 3 y 2 mth M NP Hepatocellular carcinoma Present case

NP: not performed.
NDD: no deletion detected.
?Unknown.
*Karyotype was 46,XY but female sex was assigned owing to genital ambiguity.
tAt the workshop, the diagnosis of Simpson-Golabi-Behmel syndrome was established and Beckwith-Wiedemann syndrome
rejected.

and Beckwith-Wiedemann syndrome
(hepatoblastoma). -' In overgrowth syn-
dromes, serum alphafetoprotein is considered
to be an important marker for embryonal cell
tumours.'5 Therefore, the association of hepa-
tocellular carcinoma and SGBS, though previ-
ously undescribed, might have been expected.
In patients with somatic overgrowth, Hughes-
Benzie et al (unpublished data) recommended
that embryonal tumours might be routinely
screened by serum alphafetoprotein and beta-
hCG measurements plus abdominal ultra-
sound every four months up to 5 years of age,
every six months between 5 and 8 years, and
yearly in children older than 8 years. The
present patient had not been on a tumour
screening programme because he had not been
diagnosed as having SGBS until he was
referred to our hospital.
Lipomas of the scalp or corpus callosum

have not been previously reported in SGBS
patients. The significance of these findings is
not clear but could be related to the tumour
predisposition observed in this type of over-
growth syndrome. Lipomas have been ob-
served in other disorders with overgrowth, such
as the Proteus syndrome and the Bannayan-
Ruvalcaba-Myhre syndrome.
The phenotype of the proband's mother was

also remarkable. She had a coarse face with a
broad nasal bridge, epicanthic folds, and
abnormal dentition, including dental maloc-
clusion and enamel defects. Manifestations
observed in at least one mother in the report of
Golabi and Rosen6 probably represent a lyoni-
sation effect and should be looked for in all
female relatives of SGBS children. Extreme
lyonisation distortion during development can
result in a heterozygous female with a pheno-
type as severe as seen in hemizygotes. This was
reported in two females with typical features of
SGBS and X;autosome translocations.' 4
Linkage analysis performed in several fami-

lies mapped the SGBS gene to the long arm of
the X chromosome, close to the HPRT
locus.'2 20 Pilia et af' have provided strong
evidence for GPC3, a member of the glypican
related integral membrane proteoglycan fam-
ily, as a candidate for the SGBS gene. The gene
GPC3, which encodes the putative extracellu-
lar proteoglycan GPC3, is inferred to play an
important role in growth control in embryonal
mesodermal tissues. It appears that intact
GPC3 would form a complex with insulin-like
growth factor 2 (IGF2) sequestering the latter,

or could facilitate downregulation and turn-
over ofIGF2 through a further interaction with
IGF2 receptor (also known as mannose-6-
phosphate receptor, M6P/IGF2R). SGBS
could thus result from loss of function
mutations that reduce GPC3 binding and
thereby increase the active level of IGF2.'
From the phenotype of dysplasia-gigantism in
SGBS, they speculated that GPC3 would be
involved in the suppression/modulation of
growth in the predominantly mesodermal
tissues and organs that show high levels of
GPC3 and would tend to overgrow in its
absence.2 Moreover, the similarity in the
mutant phenotypes of SGBS patients and Igf2r
transgenic mice suggests that glypican-3 and
IGF2 receptor function sequentially or as
coreceptors for IGF2. In this way, a deficiency
of either could result in increased or abnormal
IGF2 activity.3 Another possibility is that
GPC3 normally facilitates programmed cell
death (apoptosis), balancing the role of IGF2
in promoting cell growth. Thus, GPC3 defi-
ciency might lead to overgrowth and tumour
predisposition.3 Recently, using Southern blot
analysis and PCR amplification of intraexonic
sequences, Hughes-Benzie et at' identified four
new GPC3 mutations. Deletions were identi-
fied throughout the length of the GPC3
transcript with no evidence of mutation hot
spots. On the other hand, De Souza et af' have
recently shown that 70% of human hepatocel-
lular tumours have loss of heterozygosity at the
M6P/IGF2R locus and they have identified
point mutations in the remaining allele of 25%
of the human hepatocellular carcinomas with
loss of heterozygosity, providing evidence that
the M6P/IGF2R functions as a tumour sup-
pressor in human liver carcinogenesis." Thus,
the interactions between GPC3, M6P/IGF2R,
and IGF2 seem to be essential in the
pathophysiology of late embryonic develop-
ment, somatic growth, and carcinogenesis. The
observation of SGBS and hepatocellular carci-
noma in the patient reported here further sup-
ports the interaction of these proteins.
Though there is considerable clinical overlap

between SGBS and Beckwith-Wiedemann
syndrome (macrosomia, cleft palate, viscero-
megaly, macroglossia, herniae, neonatal hy-
poglycaemia, and risk of tumours), which have
led to confusion, it is very important to differ-
entiate them because genetic counselling var-
ies, the former being an X linked recessive syn-
drome and the latter autosomal dominant with
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imprinting.23 24 The tumour risk for BWS is
5-10%3 and that for SGBS is as yet undefined,
but could be estimated as 10-15%. This
tumour development in SGBS has been
observed in patients with deletions of the 5' end
of the GPC3 gene (table 1).2 4 25
Accurate diagnosis of somatic overgrowth

disorders and molecular analysis ofDNA sam-
ples for the GPC3 gene might be helpful for
prenatal diagnosis in SBGS families and for
patients with somatic overgrowth and tumours.

We are deeply indebted to Dr Horacio M Ochoa who followed
up the child until he was referred to us.
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