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Patient: Male, newborn
Final Diagnosis: Simpson-Golabi-Behmel syndrome
Symptoms: Dyspnea
Medication: -
Clinical Procedure: -
Specialty: Pediatrics and Neonatology

Objective: Congenital defects/diseases

Background: Simpson-Golabi-Behmel syndrome (SGBS) is a rare X-linked recessive syndrome characterized by fetal overgrowth.

Case report: We present a case of a male infant with SGBS. Abnormal prenatal ultrasound (including congenital diaphragmat-
ic hernia) prompted microarray testing of amniotic fluid cells, which showed deletion on chromosome Xq26.2
affecting the glypican-3 gene consistent with SGBS type I. The infant died six hours after birth and at autopsy
showed features of SGBS, including macrosomia, organomegaly, diaphragmatic hernia with consequent pul-
monary hypoplasia, cleft palate, large tongue with a midline groove, a supernumerary nipple, Meckel’s diver-
ticulum, and abnormal phalanges. Additionally, we observed features that have previously not been described
in SGBS, including testes with hyperplastic seminiferous tubules and Mullerian remnants, and placenta with
incipient fetal thrombotic vasculopathy.

Conclusions: While most patients with SGBS type | survive into childhood or even adulthood, the severe course in our pa-
tient was ascribed to pulmonary hypoplasia secondary to the bilateral diaphragmatic hernia.
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Background

Multiple neonatal syndromes are characterized by overgrowth.
While some result in generalized overgrowth (including Perlman
syndrome, Simpson-Golabi-Behmel, Sotos, PTEN hamartoma
tumor syndrome and Gorlin syndrome), others show mosaic
overgrowth (including hemihyperplasia, Beckwith-Wiedemann
and Proteus syndrome). Many of these syndromes are associ-
ated with abnormal growth factor signaling, and thus include
alterations of glucose metabolism and propensity for devel-
opment of tumors.

Simpson-Golabi-Behmel syndrome (SGBS, OMIM312870;
ORPHA373) is a rare, X-linked recessive genetic syndrome [1].
The majority of cases are inherited from the mother, and ~25%
are due to de novo mutations. The incidence is not known, with
only approximately 250 cases described in the literature. The
first cases were described in 1975 and 1984 [2-4], and a case
series which named the syndrome was published in 1988 [5].
While primarily occurring in males, carrier females may have
mild features; a few case reports with full disease expression
in females have also been described, caused by skewed X in-
activation, homozygosity, compound heterozygosity, or other
mechanisms [1,6]. Genetically, two types of SGBS have been
identified: type | with an alteration (mutation or deletion) on
chromosome Xq26 involving genes for glypican-3 [7] and glyp-
ican-4, and type Il (OMIM 300209; ORPHA79022) with mu-
tation in the CXORF5 gene on chromosome Xp22. The latter
is more severe and presents with hydrops [8]. Until recent-
ly, SGBS was diagnosed primarily postnatally and on clini-
cal grounds. However, significant overlap exists between fea-
tures of SGBS and other overgrowth syndromes, especially
Beckwith-Wiedemann syndrome, resulting in common mis-
diagnosis. Recently, microarray testing and whole exome se-
quencing [9,10] have enabled prenatal diagnosis, which en-
ables proactive management of these patients.

Typical features of SGBS include macrosomia, facies, macro-
glossia, diaphragmatic hernia [11], supernumerary nipples, gen-
itourinary and gastrointestinal anomalies, skeletal anomalies,
neonatal hypoglycemia, and increased risk for embryonal tu-
mors. Glypicans are heparan sulfate proteoglycans involved in
control of cell growth and cell division, and thus their mutation
leads to overgrowth, and increased risk of developing embryo-
nal tumors, mostly Wilms and liver tumors [12]. However, clini-
cal features vary significantly, from very mild forms occasionally
seen in carrier females, to severe disease. Due to lyonization,
some female carriers have high stature, supernumerary nipples,
coarse face, abnormal hands and midline defects, while others
are completely asymptomatic. In males, the disease features
are variable including physical characteristics, and intellectu-
al disability which may or may not be present. Tenorio et al.
provide a review of SGBS features [1]. Furthermore, studies
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to date have not identified specific genotype-phenotype cor-
relations [13,14]. Patients need to be monitored closely in the
newborn period for hypoglycemia, and require multi-disciplin-
ary follow-up depending on specific anomalies seen in each
patient. Furthermore, frequent physical examinations, imaging
and laboratory testing for monitoring for tumor risk are indi-
cated. Neonatal death is seen in a small percentage of males,
and has been largely attributed to heart defects [1].

Case Report

We present a case of an infant who was born to a 27-year-
old G4P2 mother via vaginal delivery at 36 weeks and 4 days
gestational age (as estimated by first trimester ultrasound).
The pregnancy was complicated by polyhydramnios (treated
with amnion reduction), and congenital diaphragmatic hernia
was diagnosed by ultrasound. The ultrasound was performed
at 16 weeks gestation, and revealed a thick nuchal fold, dia-
phragmatic hernia, echogenic bowel, and absent nasal bone.
This prompted amniocentesis, which showed elevated amni-
otic fluid alpha-fetoprotein (AFP, 2.26 MoM) with normal ace-
tylcholinesterase (AChE), normal karyotype, and no numeri-
cal chromosomal abnormalities by aneuploidy FISH screening
(which included probes for chromosomes 13, 18, 21, X and Y).
In order to investigate the observed anatomic findings and el-
evated AFP, microarray analysis of cultured amniocytes was
performed using the Agilent GGXChip+SNP v1.0. This analy-
sis showed two variants: a likely pathogenic variant on chro-
mosome Xq26.2 with loss of portion of one gene (GPC3) and a
variant of unknown significance on chromosome 3p11.2 with
gain of two genes and one microRNA. No regions of homozy-
gosity were seen. Analysis of the maternal sample revealed
the identical variant on one of the X chromosomes, indicat-
ing inheritance of this allele.

The infant was delivered with Apgar scores 1, 3, 5 at 1, 5, and
10 minutes respectively, admitted to the neonatal intensive
care unit (NICU), and found to have severe pulmonary hypopla-
sia with severely impaired gas exchange after birth. Following
discussion with the family, the decision was made to proceed
with comfort care measures only, and the infant died approx-
imately six hours after birth.

At autopsy, the infant showed macrosomia (3,300 gm, ex-
pected for >42 weeks gestational age [GA]; crown-heel length,
51 cm, >42 weeks GA; head circumference, 34 cm, 39 weeks
GA) and organomegaly, with enlarged liver (275 gm, >42 weeks
GA), spleen (12.3 gm, »>42 weeks GA), thymus (14.2 gm, >42
weeks GA), adrenals (13.9 gm combined, >42 weeks GA) and
kidneys (59.4 gm combined, >42 weeks GA). The heart (13.6
gm, 35 weeks GA) and brain (337 gm, 37 weeks GA) were not
enlarged, and the lungs were significantly hypoplastic (8 gm
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Figure 1. Gross findings during autopsy. Autopsy revealed diaphragmatic hernia (A) with liver in thoracic cavity bilaterally (B), leading
to pulmonary hypoplasia (C). Additional findings at autopsy included supernumerary nipple on the right (D) and Meckel’s

diverticulum (E).

combined, 19 weeks GA, Figure 1). The finding of small lungs
as opposed to enlargement of most organs was due to the
congenital diaphragmatic hernia with consequent presence
of multiple abdominal organs in the thoracic cavity. In ad-
dition, several congenital anomalies were noted, including
midline submucosal cleft palate, large tongue with a midline
groove, coarse facial features (including large, bulging head,
saddle-like and flat-bridged nose with broad, fleshy tip, and
large mouth with protruding tongue), a supernumerary nip-
ple, and Meckel’s diverticulum (Figure 1). Furthermore, abnor-
mal phalanges (short middle phalanges of the bilateral small
fingers with borderline short distal phalanges of the bilater-
al hands) were seen by x-ray. No other skeletal abnormalities
were seen. There were no congenital heart defects or CNS
abnormalities seen grossly or by microscopic examination.
Microscopic examination of the pancreas revealed increased
number and size of pancreatic islets, some of which were co-
alescing (Figure 2A, 2B). Together, these findings are consis-
tent with Simpson-Golabi-Behmel syndrome, type I. Additional
findings at autopsy included testes with hyperplastic seminif-
erous tubules and Mullerian remnants. One of the testes was
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in the abdominal cavity, while the other was in the inguinal
canal. Sections of both testes (Figure 2C-2E) showed crowd-
ed, back-to-back seminiferous tubules, sometimes confluent,
with increased numbers of germ cells (positive for CD117) and
increased density of inhibin-positive Leydig cells in the inter-
stitium. The Mullerian remnants were tubular structures, lined
by CD10-strongly positive Fallopian tube-like epithelium (cil-
iated epithelium with interspersed peg cells), and associated
with CD10-positive stroma (Figure 2F-2I). Section of the pitu-
itary gland showed evidence of pseudoglandular transforma-
tion (Figure 2J). The umbilical cord consisted of a proximal thin
portion (1 cm in diameter) with normal coiling (2.8 coils/10 cm),
and distant hypercoiled portion (3.2 coils/10 cm) (Figure 3). The
placenta was mature and showed incipient fetal thrombotic
vasculopathy. A few scattered, partially fibrotic and avascular
villi were seen on H&E. However, the E-cadherin/CD34 immu-
nostain [15] highlighted a cluster of relative hypovascularity
but with normal density of villous cytotrophoblasts (Figure 3).
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Discussion

Many of the features seen in our patient were characteristic
of the SGBS syndrome, including macrosomia, organomegaly,
macroglossia with a grooved tongue, cleft palate, diaphragmatic
hernia, coarse facial features, supernumerary nipples, and islet
cell hyperplasia. However, our patient had some unique features
that had previously not been described in the context of SGBS.

Microscopic analysis of testes revealed hyperplasia of the
seminiferous tubules and Mullerian remnants. Since most
patients with SGBS live into adulthood, histology of neona-
tal testis has not been previously described to the best of our
knowledge. However, previous case descriptions have docu-
mented cryptorchidism [1] thus suggesting that growth and
development of this organ is under the control of regulato-
ry factors which are dysregulated in SGBS. Hyperplasia of the
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Figure 2. Microscopic findings. Sections of the pancreas stained by H&E (A) and chromogranin immunohistochemistry (B) highlight
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the pancreatic islet cells, which are increased in number, and somewhat diffuse and coalescing islets. Section of testis
stained with H&E (C), inhibin (staining Sertoli cells) (D) and CD117 (staining germ cells) (E) highlights the hyperplastic
seminiferous tubules. Bilaterally, Mullerian remnants are seen with H&E (F), with tubules strongly positive for CD10 (G).
There is also spindle cell ovarian-type stroma (H), also positive for CD10 (I). The pituitary gland shows focal pseudoglandular

transformation (J).

seminiferous tubules seen in our case was consistent with over-
all overgrowth features of the syndrome, presumably due to
unchecked cell growth and division in the absence of regula-
tor glypican-3. We were unable to detect expression of glypi-
can-3 in gestational age-matched, non-SGBS testes (data not
shown); however, this does not exclude the possibility that
glypican-3 is expressed earlier in the development of the tes-
tis leading to overgrowth effects seen beyond the time frame
of glypican-3 expression and effect. This is further support-
ed by the fact that glypican-3 is expressed in testicular germ
cell tumors [16]. The persistence of the paramesonephric duct
could be due to disturbances in anti-Mullerian hormone, a fea-
ture previously not reported in SGBS.

Another unique feature described in our case was the fetal
thrombotic vasculopathy seen on microscopic examination
of the placenta. This finding was most likely due to impaired
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fetal blood perfusion and stasis-induced thrombotic coagu-
lopathy, as seen previously in other severe congenital malfor-
mations [17], such as diaphragmatic hernia observed in this
case. Alternatively or additionally, the fetal thrombotic vascu-
lopathy (FTV) could be related to the stasis due to umbilical
cord hypercoiling [18]. This highlights the importance of con-
sidering coagulopathy in the management of fetuses and ne-
onates with SGBS.

While most patients with SGBS type | survive into childhood
or even adulthood, some die in the neonatal period and most
of those deaths have been ascribed to heart malformations
and/or arrhythmias [1,19]. Our case highlights another pos-
sible cause of early mortality, as the severe course in our pa-
tient was ascribed to pulmonary hypoplasia secondary to the
bilateral diaphragmatic hernia. This highlights the importance
of careful monitoring of patients who have been prenatally




diagnosed with SGBS, as diaphragmatic hernia and pulmo-
nary hypoplasia may need to be managed prenatally for op-
timal outcomes. Furthermore, delivery should be scheduled
at highly experienced medical centers that can appropriately
manage possible neonatal hypoglycemia, thrombotic vascu-
lopathy, and consequences of pulmonary hypoplasia, ideally
centers with extracorporeal membrane oxygenation (ECMO)
capability, and neonatal cardiothoracic surgery.
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Grossly, the distal portion of the cord was hypercoiled
(A), and microscopically avascular villi are seen on
H&E (B) and E-cadherin (brown)/CD34 (red) double-
immunohistochemistry (C).

Conclusions

Our case presents several features not previously described in
SGBS, including hyperplasia of the seminiferous tubules and
fetal thrombotic vasculopathy of the placenta. Furthermore,
our case highlights the potential lethality from diaphragmat-
ic hernia and need for careful prenatal monitoring of patients
diagnosed with SGBS.
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