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Abstract
In this study, we described a rhabdomyosarcoma of the caudal region in a Carassius auratus (L.). 
Neoplasia samples were collected for histopathological, immunohistochemical and ultrastructural 
analysis. We found a microscopic appearance similar to human alveolar rhabdomyosarcoma. 
Immunohistochemical examination revealed that the neoplasia cells were positive for antibody 
myf-4, the most specific marker for this neoplasm. Ultrastructural examination revealed specific 
myofilaments or Z-band material considered adequate for establishing an ultrastructural diagnosis 
of rhabdomyosarcoma.

Introduction
Several neoplasms were reported in fish and 
classification is largely based on mammalian 
criteria (Mawdesley-Thomas, 1972; Couch, 1995; 
Masahito et al., 1998; Kagan et al,. 2010; Coffee 
et al., 2013; Simeone et al., 2015). Fish share a 
common histiogenesis of various neoplasms 
providing understanding of the basic mecha-
nisms of carcinogenesis, compared with studies 
limited to mammalian models only (Anders et 
al., 1984; Schmale et al., 1986; Baumann et al., 
1991; Devi, 2010) and neoplasms in several fish 
species were previously diagnosed (Romano 
and Marozzi, 2004; Romano et al., 2013, 2014, 
2015).

The term “soft tissues” is applied for conveni-
ence to the extraskeletal connective tissues of 
the body, including the locomotion organs and 
their various component structures such as 
nerves, blood vessels, and lymphatics. These 
soft tissues comprise a variety of specific and 
non-specific types, the latter retaining to some 
extent their embryonic potentialities, which, 
with a few neuroectodermal exceptions, are of 
mesodermal origin.

Human soft tissue sarcomas represent less than 
1% of malignant tumors (Zahm and Fraumeni, 
1997). Primary site and histologic type are in ac-
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cordance to 1 of the 3 editions of the International 
Classification of Diseases for Oncology (ICDO) 
and were recently recoded to the 3rd edition 
(ICDO- 3). There were 26,758 cases available 
for analysis. Leiomyosarcomas accounted for 
23.9%, fibrosarcomas 17.1%, liposarcomas 11.5%, 
dermatofibro- sarcomas 10.5%, rhabdomyosar-
comas 4.6% and angiosarcomas 4.1% (Toro et al., 
2006). Rhabdomyosarcoma is the most common 
soft tissue neoplasm in childhood, accounting 
for an overall incidence of 5–8% of childhood 
neoplasms (Grass et al., 2009). 

Rhabdomyosarcoma form a complex neoplasm 
group with various adult and embryonal forms. 
A classification includes three main types, with 
the designations of adult pleomorphic rhab-
domyosarcoma, alveolar rhabdomyosarcoma, 
and embryonal botryoid rhabdomyosarcoma 
(Weiss and Goldblum, 2011). 

Spontaneous rhabdomyosarcoma in fish are 
rare. Among 407 neoplasms mentioned by 
Mawdesley-Thomas (1975) of several fish 
species, only 1 was rhabdomyosarcoma. 
However, several authors report rhabdomyo-
sarcoma induced by chemicals (Bunton and 
Wolfe, 1996; Spitsbergen et al., 2000). Recently 
a case was reported in silver carp (Rezaie et 
al., 2016).

A panel of antibodies recognising antigens 
having expression in rhabdomyosarcoma 
included mic-2, desmin, EGFR, fibrillin-2, P-
cadherin and AP2b and MyoD1 (Fisher, 2011; 
Miettinen, 2014). Arpp a protein including an 
ankyrin-repeat, and proline-rich region, is a 
recently identified protein composed of 333 
amino acids. In normal human tissues, Arpp 
mRNA and protein are detected exclusively 

in striated muscles, including skeletal muscles 
and cardiac muscles. Immunofluorescence and 
electron microscopic studies have revealed that 
Arpp is located within the I band of the sar-
comere. Some authors have shown that Arpp 
is highly expressed in rhabdomyosarcomas by 
immunohistochemistry staining. (Ishiguro et 
al., 2005). However, most of the authors are in 
agreement that the myogenin expression using 
the monoclonal antibody myf-4 permitted the 
rhabdomiosarcoma diagnosis in a significant 
number of cases (Kumar et al., 2000).

From the ultrastructural point of view, the pres-
entation of specific thick and thin cytoplasmic 
filaments arranged in an alternate fashion is 
considered to be the minimum criterion for 
the ultrastructural diagnosis of rhabdomyosar-
coma. This seems reasonable since in normal 
myogenesis the formation of myofilaments 
precedes that of Z-band material (Fisher, 2011).

Materials and methods 
We studied a male adult Carassius auratus (L.) 
from an ornamental fish breeder (Corrientes, 
Argentina). The fish had a weight of 220 g and 
total length of 198 mm. The fish has a rounded 
neoplasia in the caudal region of 1.2 cm diam-
eter with reddish hard consistency (Figure 1).

The neoplasia was removed. Some fragments 
were fixed in 10 % buffered formalin embedded 
in paraffin, sectioned at 3 µm, and stained with 
hematoxylin and eosin. Immunohistochemi-
cal procedures were conducted according to 
a modified avidin-biotinperoxidase complex 
technique (Hsu et al., 1981). Tissue slides were 
deparaffinised by rinsing with xylol and were 
then rehydrated with alcohols of different 
grades (absolute ethanol, 90, 80, 70, 50%). The 
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endogenous peroxidase activity was blocked by 
incubating the slides for 20 min in 0.3% H2O2 in 
a 5% methanol solution. Afterwards, the slides 
were washed in water and PBS/0.05%-Tween 20 
solution, and then were incubated in normal 
1/100 serum (Vectastain Universal Elite, BC Kit, 
Vector), in a 10% PBS bovine serum albumin 
(BSA) solution at ambient temperature for 30 
min in a humid chamber. After incubation, the 
primary myf-4 antibody (Novocastra, Argenti-
na) was applied, and the slides were incubated 
overnight in a humid chamber. The slides were 
then rinsed in PBS and incubated for 7 min in 
a 50 mL 30.3-diaminobenzidine (DAB, Sigma- 
Aldrich) solution containing 1% PBS-BSA in 50 
mL H2O2. Counterstaining was then performed 
using hematoxylin. A human alveolar rhabdo-
myosarcoma was used as a positive control for 
myogenin (myf-4 antibodies). 

Other fragments were fixed for electron micros-
copy in buffered glutaraldehyde and postfixed 
in osmium. They were then prepared according 
to previously described methods (Luchini et al., 
2015). Thick sections stained with toluidine blue 

were used to localise areas of the tumor. Thin 
sections were then prepared and stained with 
uranyl acetate and lead citrate and examined 
with Jeol JEM-8T electron microscope (Jeol, 
Tokyo, Japan).

Results
Microscopically the neoplasia had an alveolar 
pattern with cells oriented about blood vessels, 
resembling pseudorosettes, or were aligned in 
papillary formation. Loosely adherent to the 
interstitial connective tissue or fibrovascular 
septa, the neoplasia cells tend to trail off and 
become freely floating in the alveolar spaces. 
The characteristic cells are likely to be large, 
oval, or rounded, uninuclear forms with scanty 
cytoplasm of approximately 10 µm in diameter. 
Such cells have vacuolated, granular, or homo-
geneous cytoplasm (Figures 2 and 3)

Immunohistochemical examination revealed 
that the neoplasia cells were positive for myf-4 
antibodies (Figure 4).

Figure 1. C. auratus with a rounded tumor of 2.3 x 1.2 cm in the caudal region (arrow), Bar= 1 cm.
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Figure 2. Neoplastic cells resembling alveolar pattern with papillary formation (arrows). H&E-staining Bar 
= 100 µm.

Figure 3. The neoplastic cells are likely to be large, oval, or rounded, uninuclear forms with scanty cytoplasm. 
Such cells have vacuolated (arrow) , granular, or homogeneous cytoplasm. PF: papillary formation. H&E-
staining Bar = 20 µm.
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Ultrastructural examination revelead specific 
myofilaments or Z—band material considered 
adequate for establishing an ultrastructural 
diagnosis of rhabdomyosarcoma. (Figure 5). In 
most instances cells displaying myofilaments 
also exhibited other features of myocytes such as 
monoparticulate glycogen, pinocytotic vesicles, 
and basement membrane (Figure 6). As is the 
case in normal myogenesis, mitotic activity was 
restricted to the undifferentiated segment of the 
neoplastic cell population and was never ob-
served within the developing myotubes which 
are, instead, formed through fusion of postmi-
totic cells (Figure 7).

Discussion
Soft tissue neoplasms are common in fish, al-
though there is no recent review of these tumors. 
Mawdesley-Thomas (1975) reported 140 soft 
tissue tumors of 407 neoplasms of several fish 
species (34.39 %), 51 of these neoplasias were 
fibrosarcomas (12.53 %), 47 fibromas (11.54 %), 

Figure 4. The neoplastic cells were positive for myf-4 antibody immunohistochemical stain. Bar = 20 µm.

Figure 5. Although either alone can serve as a 
specific diagnostic feature, myofilaments and 
Z-band material (arrow) usually present as 
concomitant features. Bar = 2 µm.
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13 rhabdomiomas (3.19%), 12 lipomas (2.94 
%), 11 undifferentiated sarcoma (2.7 %) 5 leio-
myoma (1.22%) and 1 rhabdomyosarcoma (0.24 
%). This suggests that rhabdomyosarcomas are 
rare in fish and other vertebrates. 

In humans rhabdomyosarcoma is a rare neo-
plasia that typically affects children and adoles-
cents, with an annual incidence of 4.3 cases per 
1 million in a population aged less than 20 years 
(Bisogno et al., 2012). In other vertebrates it is 
also considered a rare neoplasm. Microscopic 
characteristics and classification are similar to 
those in human (Suzuki et al., 2006; Bae et al., 
2007; Castleman et al., 2011).

We found a microscopic appearance similar to 
human alveolar rhabdomyosarcoma with pseu-
dorosettes, and papillary formation (Rosai, 2004). 

Figure 6. Differentiated rhabdomyoblasts 
frequently exhibit, in addition to myofilaments (f) 
and Z-band material (open arrow), collections of 
monoparticulate glycogen (g), basement membrane 
(solid arrow), and pinocytotic vesicles Bar = 0.1 µm.

Figure 7. Late myotube displaying centrally located nuclei and numerous, but poorly organised, myofibrils. 
Bar = 0.1 µm.
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Immunohistochemical examination revealed 
that the neoplasia cells were positive for an-
tibody myf-4. The myf-4 antibody immuno-
labelling in rhabdomyosarcomas are considered 
the most specific markers for this neoplasm. 
Kumar et al. (2000) reported 69 cases of human 
rhabdomyosarcomas and immuno-labelling 
for antibody myf-4 was observed in all of these 
neoplasms. 

With electron microscopy we found individual 
cells within a tumor to exhibit only Z-band ma-
terial; therefore the possibility exists that a rare 
tumor might present this as a specific diagnos-
tic feature. Because poorly differentiated cells 
of many types contain abundant cytoplasmic 
filaments, which can be difficult to distinguish 
from myofilaments, it is fortunate that persis-
tent searching almost invariably revealed cells 
displaying both diagnostic features. 

In conclusion, the diagnosis of rhabdomyosar-
coma in the present case is supported by the 
morphological characteristics, ultrastructure 
and reactivity of neoplasia cells to myf-4 an-
tibodies.
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