Embryonal rhabdomyosarcoma:
Immunohistochemical characterization
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diffuse opacification with no apparent bone destruction.
Panoramic x-ray examination did not disclose any abnormality, and bone trabeculations were normal. Incision into
the gingivolabial sulcus resulted in the production of a
small amount of exudate, suggesting an infection. A
Penrose drain was secured and antibiotic treatment was
initiated.
During the following week the swelling increased considerably, with development of proptosis of the eye. A
Caldwell-Luc operation was performed and necrotic tissue
was found in the right sinus; histologically, this was
reported to be inflammatory in nature. A CT scan showed
a large soft-tissue mass invading the right orbit, maxillary
and ethmoidal sinuses, right nasal fossa, and hard palate,
with destruction of the medial wall of the orbit posteriorly.
A biopsy specimenwas taken from the palatal mucoperiosteum for pathologic examination.
The diagnosis of a poorly differentiated soft-tissue
sarcoma was made initially. Following the application of
the various immunocytochemical methods described
below, the diagnosis of embryonal rhabdomyosarcoma was
established. The patient began a course of chemotherapy
combined with radiation treatment, and partial remission
was noted within 4 weeks.
MATERIALS AND METHODS
Antibodies and fluorescent reagents

Fig. 1. Paraffin-embedded tumor tissue. A, Low-power
magnification of poorly differentiated embryonal rhabdomyosarcoma showing a diffuse infiltration of the stroma by
small hyperchromatic tumor cells. B, Higher magnification of the neoplasm showing details of relatively uniform
tumor cells with round to oval hyperchromatic nuclei and
little recognizable cytoplasm. C, Area of the tumor showing nests of tumor cells separated by fibrovascular connective tissue septa, creating an alveolar or pseudoglandular
appearance. (Hematoxylin and eosin stain. Magnification:
A, x60; B, x250; C, x225.)

Antidesmin antibody was prepared in rabbits and
was directed toward chicken smooth muscle desmin.‘O However, this antibody reacts with human
desmin both by immunohistochemistry and by
immunoblotting analysis. Antivimentin used here
was a monoclonal antibody raised against purified
human fibroblast vimentin (vim 13.2), which was
recently prepared in our laboratory by 0. GigiLeitner. Both antibody reagents stained mesenchyma1 tissues specifically and reacted with vimentin in
immunoblots (not shown). Antibody to cytokeratin
was a monoclonal mouse antibody I(G 8.13, which
was prepared and characterized by Gigi and coworkers in our laboratory.” Anti-human myoglobin
was from Bio-Yeda (Israel); Rhodamine-phalloidine
was kindly provided by Dr. H. Faulstich of The Max
Planck Institute in Heidelberg, Germany. Affinity
purified goat antibodies to mouse and rabbit immunoglobulins were conjugated to lissamine-rhodamine
sulfonyl chloride as described.12Fluorescence observations were carried out with a Zeiss photomicroscope III.
Histologic

and immunocytochemical

examination

Part of the tumor tissue was fixed with 4%
formaldehyde, embedded in paraffin, and stained
with hematoxylin and eosin, periodic acid-Schiff
(PAS) (with and without diastase digestion), phosphotungstic acid-hematoxylin (PTAH), Laidlaw’s
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Fig. 2. Immunofluorescent labeling of frozen sections for intermediate filament components. A and B,
Immunofluorescent labeling for desmin of solid and alveolar areas, respectively. C, A higher-power
photograph of tumor cells stained for desmin, disclosing the variable shape of the tumor cells. Note that
while the tumor was brightly stained, mesenchymal cells within the connective tissue were not labeled. D,
Immunofluorescent labeling of the tumor for cytokeratin. E and F, Low-power and high-power photographs
showing the distribution of vimentin in the tumor tissue. It is notable that both the tumor cells and the
normal fibroblasts express vimentin. Bar represents 50 pm.

and Masson’s trichrome stains. The
remainder of the tissue was frozen in isopentane
precooled in liquid nitrogen. Frozen sections(4 to 5
pm thick) were cut with a Reichert-Jung Frigocut
2700 cryostat. Staining of frozen sections with the
various antibodies was carried out as previously
described.13
Formaldehyde-fixed material was further fixed in
2% glutaraldehyde, postfixed in 1% osmium tetroxide, and embedded in Epon Poly-Bed 812. Ultrathin
sections were cut with a Sorvall MT-2B ultramicrotome and examined with a Philips 410 transmission
electron microscope at 80 kv.
reticulin,

RESULTS
Pathologic

fSatUr9S

The specimen consisted of five fragments of gray
to brownish tissue ranging from 0.3 to 1.5 cm in
greatest diameter. On histologic examination of
slides stained with hematoxylin and eosin, tumor
cells diffusely infiltrated the fragments of fibrous
supportive tissue, which was rich in blood vessels,
lymphatics, and nerves (Fig. 1, A). In some areas a
surface lining of respiratory-type epithelium and
nonkeratinizing squamous epithelium was present.
Foci of both bone and mucous-type salivary glands
were also seen.
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Fig. 3. A and B, The distributions of desmin and vimentin, respectively, in normal gingival tissue. The
only desmin-positive elements detected are vascular smooth muscle cells, while many stromal fibroblasts
react positively with anti-vimentin. Bar represents 25 Icrn.

Fig, 4. Localization of actin in the tumor tissues (A) and in normal gingival tissue (B) by fluorescent
labeling with rhodamine phalloidin. Note that the tumor mass is intensely stained, as is the actin-rich
vascular smooth muscle. Normal cells in the stroma were hardly labeled. Bar represents 25 Km.

The tumor generally displayed densely packed
cells interspersed with strands of connective tissue
(Fig. 1, A). The tumor cell nuclei were predominantly hyperchromatic and pyknotic, although a few
vesicular nuclei were also seen. In most of the tumor
cells the nuclei were oval to round with very scant
cytoplasm (Fig. 1, B and C). In some parts of the
neoplasm the tumor cells were attached to fibrovascular connective tissue septa, forming an alveolar
pattern (Fig. 1, C). The tumor cells infiltrated the
muscular walls of someof the small blood vesselsand
were also evident within the luman of an occasional
venule. Perineural infiltration was also evident.
In a few tumor cells the cytoplasm showed a finely
granular PAS-positive diastase-soluble material.
With the trichrome stain, a brightly red-stained
cytoplasm was seen in some of the neoplastic cells.
The reticulin stain revealed a rich reticulin network
throughout the neoplastic tissue.
Extensive survey of PTAH-stained sections at the
light microscope level as well as of an ultrathin
section at the ultrastructural level did not reveal any

cross-striations; nor did the latter show limited sarcomerit organization within the cytoplasm.
Immunohistochemical
localization
intermediate filament subunits

of

Immunofluorescent labeling of frozen sections of
the tumor with antibodies specific for desmin, vimentin, and cytokeratin was carried out in order to define
its histogenetic origin. Extensive labeling with antidesmin antibodies was detected throughout the
tumor tissue, interspaced by extensive arborization
of the normal desmin-negative corrective tissue (Fig.
2, A and B). The desmin-containing tumor cells
varied morphologically from round to angular or
elongated cells (Fig. 2, C). No labeling of the tumor
tissue was observed with broadly reactive antibodies
specific for cytokeratin (Fig. 2, D). Interestingly,
immunofluorescent labeling with antivimentin antibodies revealed positively labeled cells throughout
the tumor. Comparison of the labeling patterns for
vimentin and desmin in serial sections indicated that
the majority of tumor cells coexpressedboth inter-
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Fig. 5. A, Immunofluorescent labeling of the tumor tissue for myoglobin, showing essentially no staining
of either the tumor cells or the cells in the surrounding stroma. B, Control labeling with anti-myoglobin of
normal skeletal muscle, showing intense fluorescence in the muscle tissue. C and D, Control labeling of
skeletal muscle for desmin and vimentin, respectively. The former shows intense labeling with a distinct
striated pattern associated with the periphery of the Z lines. Essentially no labeling was obtained with
anti-vimentin. Bar represents 25 km.
mediate filament subunits. In addition, vimentin was

detected in fibroblasts throughout the interspacing
connective tissue (Fig. 2, E, and fl.
As a control we have stained nonneoplastic gingival tissue with both desmin-specific and vimentinspecific antibodies. The only desmin-positive cells
detected in the stroma were vascular smooth muscle
elements (Fig. 3, A). Vimentin-positive cells representing fibroblasts of the gingival connective tissue
were sparsely distributed (Fig. 3, B).
Fluorescent localization
in the tumor tissue

of actin and myoglobin

Frozen sections of the tumor were labeled for actin
with rhodamine-conjugated phalloidin. This probe
binds avidly and specifically to actin filaments in
both muscle and nonmuscle cells.14Although all cells
apparently contain actin in their cytoplasm, myogenic cells can be readily recognized because of the
relatively high levels of this protein.
Examination of frozen sections stained with rhodamine-phalloidin of either the tumor (Fig. 4, A) or
the control nonneoplastic gingival tissue (Fig. 4, B)
indicated that the tumor cells showed strong positive
labeling for actin while the normal stroma in the
control was only faintly labeled. A useful landmark
within both the malignant and the normal tissues was

the vascular smooth muscle cells, which were equally
strongly labeled in both specimens.
Immunofluorescent staining of the tumor tissue
for myoglobin showed only a faint reaction as compared to the high extent of labeling of normal
skeletal muscle (Fig. 5, A and B). It should be
emphasized that the skeletal muscle was strongly
labeled with desmin antibodies showing crossstriated patterns (Fig. 5, C), as expec&14 The same
specimen labeled with antivimentin showed no significant labeling (Fig. 5, D).
DISCUSSION

The initial clinical appearance and histopathologic examination of the described tumor suggesteda
poorly differentiated soft-tissue sarcoma. However, a
conclusive identification of its histogenetic origin was
difficult to substantiate, since the tumor lacked
specific morphologic features. This appears to be a
common problem in the diagnosis of round cell
tumors, especially in children and young
adults.9, r5-”

The positive labeling of the tumor cells for the
muscle-specific intermediate filament subunit desmin, as well as the relatively high content of cytoplasmic actin, established a diagnosis of rhabdomyosarcoma. In accordance with the classification

of
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rhabdomyosarcoma into four major types (embryonal, botryoid, alveolar, and pleomorphic), the tumor
described here represents a poorly differentiated
embryonal rhabdomyosarcoma with some areas of
alveolar pattern. As pointed out by Gonzales-Crussi
and Black-Schaffer,16poorly differentiated or undifferentiated sarcomas that are usually included in the
embryonal rhabdomyosarcoma group may often be
of undetermined histogenesis. The use of cytoskeletal
markers as shown in this study is, therefore, especially suitable for the establishment of a definitive
diagnosis in such cases.
In this case we have used antibodies reactive with
two cytoskeletal myogenic markers, desmin and
actin. Antibodies to the former protein have been
used recently for the diagnosis of soft-tissue sarcomas, including various types of rhabdomyosarcoma.18-20
In some of these reports not all the tumors
diagnosed as rhabdomyosarcoma were desmin-positive. This is in contrast with the presence of this
protein in the present case as well as in all definitive
rhabdomyosarcomas and leiomyosarcomas examined
by us over the last few years. We have found,
however, that the immunofluorescent labeling for
desmin was most reliable when frozen tissues were
used rather than formalin-fixed, paraffin-embedded
specimens.The diagnosis of rhabdomyosarcoma was
further corroborated by an extensive labeling of the
tumor tissue for actin. Evidently, all eukaryotic cells
contain actin in their cytoplasm, but the levels of this
protein were expected to be especially high in myogenie cells. Indeed, the extent of labeling of the
tumor cells was comparable to that of the normal
vascular smooth muscle, while the normal stromal
cells, as well as other mesenchymal tumors, were
only faintly labeled.
This report emphasizesthe reliability of desmin in
conjunction with actin as a marker for rhabdomyosarcoma, even in very anaplastic forms of the tumor.
In contrast, another skeletal muscle marker, myoglobin, which is often used to establish the diagnosis of
rhabdomyosarcoma,22 was hardly labeled in this
neoplasm, suggesting that it was not expressedin the
immature tumor examined here. This aspect is being
investigated further.
Another interesting feature of the tumor described
here is the coexpression of both desmin and vimentin
in the tumor cells. It has been previously reported by
Miettinen and colleagues19~2’
that the two proteins
may show extensive coexpression in rhabdomyosarcoma. However, previous results with differentiated
rhabdomyosarcomas suggested that the extent of
coexpression is limited and the exact nature of the
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vimentin-positive cells not readily apparent. In the
present case, coexpression was essentially complete.
Such coexpression was previously reported in vascular smooth muscle23and in developing myotubes24,25.
It was further proposed that the two may coassemble
to form a mixed heteropolymeric intermediate filament.26
Studies on the expression of intermediate filaments during the differentiation of skeletal muscle
indicated that, at early stages, vimentin is the predominant component, while desmin is expressedafter
fusion of myoblasts and gradually exceeds the
amount of vimentin within the cells.27The tumor
studied here apparently retained this early stage of
myogenic differentiation.
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