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We present a premature newborn of 32 wk of gestation with
a congenital malignant extrarenal rhabdoid tumor (MERT) on the
right shoulder with generalized metastases. Standard histologic,
immunohistochemical, molecular and cytogenetic methods were
used in the evaluation of diagnostic material. Biopsy of a skin
lesion showed the histologic features of a malignant rhabdoid
tumor. Cytogenetic analysis of the tumor cells revealed an
inv(11)(p13p15) and additionally, an increased expression of
myf-3 (myogenic determination factor, MyoD1) and PAX3 was
detected. These results suggest an origin of the neoplasm derived
from a pluripotent cell with the potential of myogenic differen-

tiation. Tumor suppressor genes located on chromosome 11p13
and 11p15 may play an important role for malignant rhabdoid
tumor development and progression. (Pediatr Res 48: 463–467,
2000)

Abbreviations
DNA/RNA, desoxyribonucleid/ribonucleid acid
MRT, malignant rhabdoid tumor
MERT/MRRT, malignant extrarenal/renal rhabdoid tumor
WT1/WT2, Wilms’ tumor suppressor gene 1 and 2

Malignant extrarenal rhabdoid tumor (MERT) is a rare
highly malignant tumor of unknown origin, mainly found in
small children and with a mostly fatal clinical outcome. We
present a case of a premature female newborn of 32 wk of
gestation with a large s.c. tumor on the right shoulder and
disseminated metastases already detected by sonography at the
30th week of gestation. Histopathology, molecular- and cyto-
genetic examinations suggest a pluripotent cell with the pos-
sibility of myogenic differentiation.

MERT shares similar histologic, immunohistochemical, ul-
trastructural, and clinical features with malignant renal rhab-
doid tumor (MRRT) (1–4). Many extrarenal locations have
been described including the CNS, liver, soft tissue, and skin
(5–10). The median age at presentation is 10 to 13 mo.
Histologically, the neoplasm consists of a monotonous popu-
lation of large polygonal tumor cells with eccentric nuclei and
prominent nucleoli. Inclusions of eosinophilic hyaline aggre-
gates displacing the nucleus are commonly seen. Electron

microscopy demonstrates specific large cytoplasmic whorls of
intermediate filaments and no signs of differentiation. Immu-
nohistochemically the cells are uniformly vimentin positive, all
other immunostainings have a variable reactivity suggesting
tissue heterogeneity and various cell differentiation (1, 11–14).

CASE REPORT

A 32-year-old gravida-5 para-3 had an uneventful pregnancy
until 31 wk of gestation when she was admitted to the hospital
for premature labor. A routine scan at 20 wk of gestation was
normal. The mother had previously delivered three healthy
boys, one pregnancy ended in an early spontaneous abortion.

An abdominal ultrasound at 31 wk of gestation revealed a
5.6 3 8.8 cm cystic-solid tumor at the right shoulder (Fig. 1)
and a sacral tumor measuring 1.5 3 1.5 cm. Due to a symp-
tomatic polyhydramnion 1000 mL of the amniotic fluid was
drained. Subsequently i.v. tocolysis and steroids for pulmonary
maturation were administered. Daily ultrasound examinations
demonstrated no further increase of the amniotic fluid index.
Because variable decelerations occurred at 32 wk of gestation
reflecting fetal distress, cesarean section was performed. The
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birth weight of the female newborn was 1820 g. The Apgar
score was 5/8/9, umbilical vein pH 7.14. Initially, the general
condition could be stabilized after primary resuscitation, how-
ever, respiratory distress occurred and at the age of two hours
mechanical ventilation was necessary.

At the right shoulder a s.c. tumor of 9 3 5 3 3 cm was seen
involving the neck and the upper thorax discoloring the skin
(Fig. 2). Generalized multiple skin metastases were present.
The child did not show dysmorphic signs. Chest x-ray showed
the soft tissue mass located at the right shoulder with tiny
amorphous calcifications, whereas skeletal lesions were not
seen. Abdominal ultrasound revealed hepatomegaly with sev-
eral lesions suspicious of metastases. The spleen, kidneys, and
adrenal glands were morphologically normal. A peripheral
blood smear revealed an aggregation of undifferentiated cells,
supposed to be tumor cells. The bone marrow aspirate showed
a diffuse infiltration of the undifferentiated cells. Initial Hb was
123 g/L and no tumor lysis syndrome was detected in the
laboratory results. Alpha-fetoprotein and beta-choriogonado-
tropin were in the upper normal range (1749710 mg/L and 44
IU/L, respectively), urine catecholamines were negative. Arte-
rial hypotension and renal insufficiency with oliguria occurred
in the follow-up. Uric acid increased to 480 mM with no

electrolyte abnormalities. Blood transfusions and prophylaxis
for tumor lysis syndrome were given. A malignant rhabdoid
tumor was diagnosed based on a skin biopsy. No specific
therapy for the tumor was given. The infant died 6 days after
birth of congestive heart failure. A postmortem examination
was performed.

METHODS

Histopathology and Immunohistochemistry. For light mi-
croscopy, tissue samples were fixed in formalin and embedded
in paraffin. Sections were stained with hematoxylin and eosin,
Giemsa and periodic acid-Schiff (PAS). Immunostaining was
performed with the following antibodies: vimentin, Lu-5, epi-
thelial membrane antigen, neuron specific enolase, Myf-3,
smooth muscle actin (SMA), desmin, myoglobin, actin (HHF
35), S-100 Protein, leu 7 (CD 47), CD99 (HBA71-B), CD34,
CD20, factor VIII, b-HCG (beta-choriogonadotropin), alpha-
fetoprotein, and carcino-embryonal antigen (CEA).

For electron microscopy tissue was fixed in glutaraldehyde,
embedded in Epon and contrasted with uranyl acetate and lead
citrate. Ultrathin sections were studied with a electron micro-
scope Zeiss EM 900.

Cytogenetics. Cytogenetic analyses were performed on bone
marrow (BM) and peripheral blood (PB) samples. The cells
were suspended in RPMI 1640 with Glutamax 1 (GIBCO,
Paisley, Scotland) supplemented with 20% fetal bovine serum
and 1% penicillin/streptomycin. The BM cells were in culture
for 20 to 48 h and the PB cells for 72 h. The PB cultures were
set up with different cell concentrations and stimulated with
phytohemagglutinin (PHA). All cultures were harvested ac-
cording to recognized cytogenetic methods with the resulting
fixed cells being trypsin banded and Giemsa stained. Analysis
was made according to ISCN 1995 (15).

RNA Analysis. To further characterize this tumor, expres-
sion of several markers were investigated by a reverse tran-
scriptase PCR assay (RT-PCR). These markers included the
t(1;13) and t(2;13) translocation products PAX3/FKHR and
PAX7/FKHR that are associated with alveolar rhabdomyosar-
coma as well as the native PAX3 and PAX7 gene products.
PAX genes are transcription factors, which act as essential
control genes during the establishment of embryonic cell lin-
eages, particularly myogenesis and neurogenesis (16). In ad-
dition, the expression of the myogenic human myf3 gene was
examined. Myf3 is a specific marker for all cells of myogenic
origin (17).

RNA isolated from different rhabdomyosarcoma cell lines
was included as a positive control. For RNA isolation the BM
cells were recovered by a Ficoll-Hypaque density gradient
centrifugation. Total RNA was extracted using TRIzol
(GIBCO-BRL) according to the manufacturer’s instructions
and treated with DNase I (PharMingen). The RT-PCR was
performed using the Access RT-PCR System Kit (Promega) in
a 25 mL reaction with 100 ng total RNA. As a positive control,
RNA from the rhabdomyosarcoma cell lines RD (FKHR,
PAX3, PAX7 and Myf-3) or Rh30 (PAX3PAX7/FKHR) was
used. All reactions started with reverse transcription at 48°C
for 45 min, continued by an initial denaturation step (94°C, 2

Figure 1. Prenatal ultrasound at the 31st week of gestation demonstrating a
cystic-solid tumor (5.6 cm 3 8.8 cm) on the right shoulder (arrows).

Figure 2. Large s.c. tumor at the right shoulder of approximately 9 3 5 3 3
cm.
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min.), followed by 40 cycles at 94°C for 30 s, 60°C or 68°C for
1 min and 68°C for 1 min with a final extension at 68°C for 7
min. The 68°C annealing temperature was used only for the
Myf-3 amplification. The FKHR, PAX3, and PAX7 products
were generated in 0.5 mM MgSO4 and the PAX3PAX7/
FKHR, and Myf-3 in 1.0 mM MgSO4. The following primers
were used to amplify a 324-bp long fragment of FKHR
(FKHRF3 59-AACTGTGATCCAGGGCTGTC-39 and
FKHR-F5 59GCAGATCTACGAGTGGATGG-39), a 349-bp
fragment of PAX3 (PAX3–59 59-GCACTGTACACCAAAG-
CACG-39 and PAX3-REV 59-TAGGTGGGTGGACAG-
TAGGA-39), a 414-bp fragment of PAX7 (PAX7–3 59GGCG-
TAAGCAGGCAGGAG-39 and PAX7–4 59-GCAGCGGG-
GAGATGGAGA-39), a 868-bp or 862-bp fragment for the
translocations PAX3/FKHR or PAX7/FKHR (PAX3PAX7 59-
CCAAACACAGCATCGACG-39, this primer anneals to both
PAX3 and PAX7, and FKHR-F3 59-AACTGTGATC-
CAGGGCTGTC-39), and finally a 159-bp fragment of Myf-3
(Myf-3-FOR 59-CTGTGGGCCTGCAAGGCGTGCAAG-39,
and MYF3-REV 59-CACCTTGGGCAACCGCTGGTTTGG-
39). One third of the RT-PCR products was separated by
electrophoresis on a 2% agarose gel.

Informed consent was received from the parents, and the
study was approved by the ad hoc ethical committee of the
University Children’s Hospital of Basel.

RESULTS

Histology and Immunohistochemistry. The histologic sec-
tions of all involved tumor sites including the small renal lesion
revealed the same aspect of homogenous undifferentiated tu-
mor cells infiltrating the tissue. Lungs showed extended infil-
tration of the pulmonary vessels and lymphatic system. The
monomorphic tumor cells were round to polygonal with eosin-
ophilic cytoplasm, large vesicular nuclei and prominent nucle-
oli with homogenous, eosinophilic globular cytoplasmic inclu-
sions (Fig. 3). Mitoses were frequently seen. Electron
microscopy revealed intermediate filaments often arranged in
whorls near the nucleus. No signs of differentiation were seen
(Fig. 4). Immunohistochemically the cells and particularly the

intracellular inclusions were positive for vimentin, Lu-5, epi-
thelial membrane antigen and neuron specific enolase. Myf-3
showed a weak positivity. The following immunostainings
were negative: smooth muscle actin (SMA), desmin, myoglo-
bin, actin (HHF 35), S-100 Protein, leu 7 (CD 47), CD99
(HBA71-B), CD34, CD20, factor VIII, b-HCG (beta-
choriogonadotropin), alpha-fetoprotein and carcino-embryonal
antigen (CEA).

Autopsy. The large gray-white, homogenous tumor infiltrat-
ing the right shoulder presented with a diameter of 7.5 cm.
Multiple generalized metastases with diameters of up to 3 cm
were seen in the skin, liver, lungs, both adrenal glands, retro-
peritoneal lymph nodes and soft tissue, mesenterium, thymus,
pancreas, dura, and skeleton including ribs and vertebrae. In
the kidneys a single tiny lesion of 6 mm in diameter was seen.
No tumor tissue was found in the brain. In addition, placental
examination showed neither macroscopic nor microscopic ev-
idence for metastasis.

Cytogenetics. Analysis of the bone marrow revealed an
abnormal karyotype of 46,XX,inv(11) (p13p15)[8])/
46,XX[90]). The percentage of abnormal cells was found to be
higher in the 48 h rather than in the shorter term cultures. The
inversion could also be found in one PB culture.

Molecular biology. The patient’s tumor cells showed a
clearly detectable expression of myf3, at a level similar to the
rhabdomyosarcoma control, as well as low level expression of
PAX3 (Fig. 5). In contrast, neither a specific translocation
product nor any PAX7 message was detected.

DISCUSSION

Etiology, pathogenesis and clinical features of malignant
renal and extrarenal rhabdoid tumor have been debated since
the first description in 1978 by Beckwith and Palmer (18). The
tumor may represent an evolution of various neoplasms which
progress to a more aggressive biologic behavior as the occur-
rence of rhabdoid cells had been demonstrated in different
tumor types (1, 19–24). To our knowledge we describe for the
first time a malignant extrarenal rhabdoid tumor of a premature

Figure 3. Malignant extrarenal rhabdoid tumor from the right shoulder show-
ing polygonal cells with typical eosinophilic globular cytoplasmic inclusions
(H&E) (arrows).

Figure 4. Electron microscopy of malignant extrarenal rhabdoid tumor cells
revealing paranuclear whorls of intermediate filaments (Zeiss EM 900).
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infant at 32 wk of gestation. The aggressive clinical behavior
and the typical cytological and immunohistological findings
lead to the diagnosis. The large solid tumor mass on the right
shoulder is suggestive of the primary tumor site, a renal origin
seems unlikely. Despite the generalized metastases the pla-
centa was free of tumor suggesting a possible maternal mech-
anism of tumor cell recognition and destruction.

Chromosomal abnormalities of rhabdoid tumors have been
found often to involve chromosomal regions 22q11 and
11p15.5 (25–30). Aberrations of the long arm of chromosome
22 were first demonstrated in a MERT of the CNS (31).
Recently, Schofield et al. (32) showed loss of heterozygosity
(LOH) on chromosome 22 in 24 of 30 malignant renal rhab-
doid tumors and five of them had LOH at 11p15.5. We describe
a MERT of a premature newborn with an inv(11)(p13p15).
Both affected regions on chromosome 11 are known to be
locations of tumor suppressor genes. The Wilms’ tumor gene
(WT) 1 is located at 11p13. In a recent study, 3 MRRT were
positive for the WT1 gene product (33). In another case of
MRRT a del(11)(p13) was described (34). Garvin et al. (35)
showed that the G401 cell line from a supposed Wilms’ tumor
actually derived from a MRRT. This cell line was used for
studies demonstrating the presence of a tumor suppressor gene
on chromosome 11 (36). The WT2 locus maps to chromosome
11p15.5 and is affected in patients with the Beckwith-
Wiedemann syndrome (BWS), who have a an increased risk of
developing Wilms’ tumor (37). Newsham et al. (38) reported a
MERT cell line (TM 87–16) with t(11;22)(p15.5;q11.23). Lee
et al. (39) demonstrated that KVLQT1, a previously identified
gene located on chromosome 11p15.5, is disrupted by chro-
mosomal rearrangement in this MERT cell line (TM 87–16)
and in BWS patients. Consistent allelic loss of chromosomal
region 11p15 has been also found in embryonal rhabdomyo-
sarcoma (40). Our findings suggest that the disruption of the
regions 11p13 and 11p15 with a possible loss of tumor sup-
pressor gene or genes may play a role in rhabdoid tumor
genesis or progression. WT1 and WT2 could be candidate
genes, but further studies are required to support this idea.

Recently the hSNF5/INI1 gene has been described as a new
tumor suppressor gene located on chromosome 22q11.2, and
has shown to be mutated in MRT (41). The gene encodes a
member of the ATP-dependent chromatin remodeling SWi/
SNF multiprotein complexes, which are thought to facilitate
the access of transcription factors to DNA. Sévenet et al.
screened 229 tumor samples of various origins and found the
mutation in most MRT (53/72), however the mutation was also
detected in choroid plexus carcinomas (4/6), central primitive
neuroectodermal tumors (cPNET) (2/17) and medulloblasto-
mas (5/36) (42). In addition they analyzed constitutional DNA
from affected members in cancer-prone families. Their data
indicate, that constitutional mutations of the hSNF5/INI1 gene
exist and could lead to a hereditary syndrome predisposing to
MRT and some tumors of the CNS (43).

The demonstration of PAX3 expression in our case is a new
finding in a MERT. PAX3 is transiently expressed in early
skeletal muscle progenitor cells and in the developing nervous
system. The gene has a possible role of stimulating growth,
inhibiting apoptosis or inhibiting premature myogenic differ-
entiation and participates in critical developmental processes.
PAX7 and both fusion products (PAX3/FKHR, PAX7/FKHR)
typical for alveolar rhabdomyosarcomas, were not expressed
(40).

Myf3 is a specific human myogenic determination factor
regulating muscle differentiation (44). The expression of the
gene in our case would indicate a myogenic origin of the tumor
cells. Gessler et al. (45) localized the gene for myf3 on
chromosome 11p14. However, they found no association with
the WAGR locus (Wilms’ tumor, aniridia, genitourinary anom-
alies, and mental retardation) at 11p13, the location of WT1, or
the region for the BWS locus at 11p15, the location of WT2.
Dias et al. (46) examined the immunohistochemical expression
of MyoD1 in a variety of pediatric solid tumors. A MRRT
showed weak, nonspecific MyoD1 staining. Two malignant
rhabdoid cell lines failed to demonstrate MyoD1 immunoflu-
orescence staining and did not express MyoD1 transcripts
whereas the rhabdomyosarcomas expressed MyoD1. Some
Wilms’ tumors demonstrated focal staining for MyoD1 anti-
serum. The presence of heterotopic tissue may reflect primitive
developmental potential of metanephric blastema.

The expression of myf3 and PAX3 in a MERT in early fetal
life together with all classical clinical, histologic, and immu-
nohistochemical findings suggest an origin of the neoplasm
derived from a pluripotent cell with the potential of myogenic
differentiation. An undifferentiated rhabdomyosarcoma with
rhabdoid features cannot be excluded but seems to be unlikely
(47, 48). An overexpression of PAX3 could exaggerate its
normal role, affects the cellular activities and may lead to an
oncogenic effect.
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37. Besnard-Guérin C, Newsham I, Windqvist R, Cavenee WK 1996 A common region
of loss of heterozygosity in Wilms’ tumor and embryonal rhabdomyosarcoma distal
to D11S988 locus on chromosome 11p15.5. Hum Genet 97:163–170
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