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Summary

This report describes a spontaneously arising rhabdomyosarcoma of soft tissues in a brook trout (Salvelinus fon-
tinalis). The lesion was examined by means of histology, immunohistochemistry (IHC) and transmission elec-
tron microscopy (TEM). The cross-reactivity of the primary antibodies used in the IHC was investigated in
silico using the Protein Blast system. Microscopically, the lesion appeared as a ‘small round cell’ undifferenti-
ated sarcoma with rare myotube formation. IHC identified expression of sarcomeric actin and vimentin and
these molecules showed the highest protein sequence identity. Lower protein sequence identity coincided
with negative immunolabelling for desmin, MyoD1, myogenin and CD3. TEM revealed myofibrils, but
without a defined sarcomeric architecture. The diagnosis of solid alveolar rhabdomyosarcoma of soft tissues
was achieved on the basis of histological and ultrastructural findings.

© 2015 Elsevier Ltd. All rights reserved.
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In human medicine, rhabdomyosarcoma (RMS) is a
relatively rare cancer, but among children and young
adults it is the most common soft tissue sarcoma.
Common histological subclasses include embryonal,
alveolar, botryoid and pleomorphic (Castleman
et al., 2011; Caserto, 2013; Tochitani et al., 2013).
The embryonal form (eRMS) occurs in children
aged =10 years, accounts for ~67% of all RMS
cases and has a favourable prognosis. In contrast,
the alveolar form (aRMS) prototypically occurs in
adolescents, comprises 30% of RMS cases and has a
higher rate of metastasis following initial diagnosis
(Keller and Guttridge, 2013). RMS 1is diagnosed
infrequently in veterinary pathology (Turnbull,
2006) and reported cases of spontancous RMS in
fish are extremely rare (Turnbull, 2006). The zebra-
fish is considered to be a valid animal model for
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induced RMS (highly similar to human embryonal
RMS) (Chen and Langenau, 2011).

The relative rarity of these tumours makes the diag-
nosis challenging and as a result they are sometimes
simply included in the broad category of high-grade
soft tissue sarcomas. The low prevalence of these neo-
plasms in the veterinary literature may be due to a
failure to diagnose them because of their extreme vari-
ation in phenotype, age of onset and cellular
morphology (Caserto, 2013). Histopathological find-
ings of these primitive neoplasms typically consist of
monomorphic sheets or packets of ‘small round cells’
with a lymphoid appearance or more mature stages
characterized by obvious muscular differentiation
(Caserto,  2013;  D’cruze e  al., 2013).
Immunohistochemistry (IHC) and transmission
electron microscopy (TEM) are ancillary techniques
that are often critical for the final diagnosis of RMS,
because of the frequency of poorly differentiated
tumours (Parham and Ellison, 2006).

© 2015 Elsevier Ltd. All rights reserved.
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In this report we describe the application of
recently proposed guidelines (Caserto, 2013) to the
diagnosis of a rare spontaneously arising neoplasm,
RMS, in a salmonid fish. An adult brook trout (Salve-
linus fontinalis), from an Italian farm, was presented
with an exophytic non-ulcerated mass
(7.5 x 4.5 x 3.5 cm) in the area of the opercular open-
ings. No therapeutic interventions were attempted
and the fish was killed humanely. Samples of the
mass were fixed by the local veterinary practitioner
in 10% neutral buffered formalin and sent to our lab-
oratory for histological investigations. After routine
processing, sections (4 pm) were stained by haema-
toxylin and eosin (HE). Histochemistry was per-
formed with phosphotungstic acid haematoxylin
(PTAH) (Luna, 1968). IHC was performed as
described in Table 1.

Prediction of the cross-reactivity of primary anti-
sera and interpretation of immunolabelling took into
account the sequence similarity of salmonid and hu-
man proteins. Protein identity was assessed n silico,
by matching the primary amino acid sequence of
salmonid and human proteins, against which the anti-
bodies were directed. The matching was carried out
using Protein BLAST (http://blast.nchi.nlm.nih.gov/
Blast.cgi?lCMD=Web& PAGE_TYPE=BlastHome).

TEM was performed from the formalin-fixed sam-
ples, which were dehydrated in graded alcohols and
embedded in Durcupan AcM resin (Sigma Aldrich,
St. Louis, Missouri, USA). Semithin sections (1 pm)
were stained with toluidine blue and examined by
light microscopy. Selected ultrathin sections
(90 nm) were stained with uranyl acetate and lead cit-
rate. The ultrastructural observation was made with
a Philips EM 208 transmission electron microscope
(Philips, Eindhoven, The Netherlands) operating at
100 kV.

Grossly, the mass was not encapsulated and was
well demarcated, fleshy and white to grey/cream in
colour and glistening, with multifocal haemorrhagic
foci. Microscopically, the tumour was composed of
densely cellular sheets of monomorphic round cells,
separated by thin fibrous septa. Neoplastic cells
were round, 15 pm in diameter, discrete, with scant
eosinophilic and fibrillar cytoplasm, a high nucleus
to cytoplasmic ratio, round central and frequently in-
dented or convoluted nuclei, with finely stippled or
irregularly distributed chromatin and a prominent,
often bizarre shaped, magenta-coloured nucleolus.
Scattered throughout these round cells were rare
multinucleated elongate cells with tandem nuclei
and eosinophilic fibrillar cytoplasmic inclusions

Table 1
Immunohistochemical methodology and sequence similarity data for primary antisera

Antibody Antibody name and ~ Antigen retrieval — Dilution Human Salmonid E Protein Homology Cross-reactivity
spectficity source method protein protein (significance) sequence
identity
Myogenin Mouse monoclonal 95°C with  Prediluted P15173.2 CAA87010.1 57 53% Yes No
antibody F5D Tris—EDTA Oncorhynchus
(Ventana, Tucson, pH 8.0 for mykiss
Arizona, USA) 20 min
Myodl Mouse monoclonal 95°C with 1 in 50 P15172 NP_001117109.1 5 60% Yes No
antibody 5.8A Tris—EDTA Salmo salar
(Dako, Glostrup, pH 8.0 for
Denmark) 20 min
Desmin Mouse monoclonal 95°C with  Prediluted P17661.3 CAC83053.1 0 69% Yes No
antibody DE-R-11 Tris—EDTA partial
(Ventana) pH 8.0 for Oncorhynchus
20 min mykiss
Vimentin Mouse monoclonal 95°C with  Prediluted P08670.4 CAA90601.1 0 74% Yes Yes
antibody V9 Tris—EDTA Oncorhynchus
(Ventana) pH 8.0 for mykiss
20 min
a—sarcomeric Monoclonal antibody ~ 95°C with 1in 1,000  P60709.1 AAF80342.1 0 98% Yes Yes
actin IgM (Sigma citrate buffer Oncorhynchus
Aldrich, St. Louis, pH 6.0 for mykiss
Missouri, USA) 20 min
CD3 e Mouse monoclonal 750 Watt with ~ 1in 50 AAH49847.1 ACZ57825.1 29 52% Yes No
antibody I'7.2.38 Tris—EDTA Salmo salar
(Dako) pH 8.0 for
10 min

Appropriate positive and negative controls were included in each experiment.
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(‘strap cells’) reminiscent of myotubes and large
round to polygonal cells with abundant eosinophilic
cytoplasm containing the same fibrillar cytoplasmic
structures (myofibrils) (Fig. 1). Anisocytosis and ani-
sokaryosis were moderate, mitotic activity was high
with up to 15 mitoses per high-power (x400) field,
with frequent atypical mitoses. Numerous apoptotic
figures were detected. There were multiple haemor-
rhagic areas and skeletal muscle was infiltrated multi-
focally.

THC revealed diffuse cytoplasmic expression by the
neoplastic cells of sarcomeric actin (tested in carp;
Sigma datasheet) (I'ig. 2) and multifocal expression
of vimentin. Myogenin, MyoD]1, desmin and CD3
IHC were negative. Internal control of skeletal mus-
cle showed non-specific cytoplasmic expression of my-
ogenin and MyoDI1 as the only true nuclear
expression of these markers should be considered pos-
itive (Sebire and Malone, 2003). There was no label-
ling for desmin and vimentin and a positive result for
sarcomeric actin in the internal control skeletal mus-
cle. The internal control of lymphoid renal tissue
was negative for CD3 expression.

TEM confirmed the presence of a monomorphic
population of discrete round cells, with markedly con-
voluted nuclei with irregularly clumped, electron-
dense chromatin. No distinct Z discs were noted in
any neoplastic cells; however, aggregates of myofila-
ments were observed in single cells. Occasionally,
myofilaments clustered together in parallel bands;
however, clear organization in sarcomeres was lack-
ing (I'ig. 3).
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Fig. 1. Neoplastic cells showing bizarre shapes, anisocytosis and
anisokaryosis, and a cytoplasm containing fibrillar eosino-
philic material consistent with myofilaments. Occasional
rare elongate multinucleated neoplastic cells with tandem
nuclei and eosinophilic fibrillar cytoplasmic inclusions
(‘strap cells’) reminiscent of myotubes are evident (Inset).
HE. Bar, 50 pm.
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Fig. 2. IHC for sarcomeric actin. Neoplastic rhabdomyoblasts
show diffuse coarse cytoplasmic labelling. Bar, 50 pm.

In fish, descriptions of spontancous RMS are rare
(Roberts, 2001). According to Iwanowicz et al.
(2001) there are over 30 reports of rhabdomyogenic
tumours in fish recorded from 1908, but these include
rhabdomyomas and experimentally-induced cases.
Recent reports of spontaneously-arising RMS include
cutaneous neoplasia in four of 24 black plaice (Pleuro-
nectes obscurus) diagnosed as dermal RMS (Syasina
et al., 1999), an embryonal RMS in a giant gourami
(Colisa fasciata) (Iwanowicz et al., 2001) and a cardiac
RMS in a sea dragon (Phyllopteryx taeniolatus) (LePage
et al., 2012). In the first paper, tumours were charac-
terized by striated muscular differentiation of
neoplastic cells that morphologically resembled myo-
blasts and sometimes fused together to form myotubes
containing cytoplasmic myofibrils (Syasina e/ al.,
1999). In the second paper, the neoplasm, located

Fig. 3. TEM showing aggregates of myofilaments in the cytoplasm
of single cells, clustered together in parallel or as haphaz-
ardly arranged bands (arrow, see Inset). Clear organiza-
tion into sarcomeres was not evident. Bar, 2 pm.
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in the region of the head, was comprised histologically
of pleomorphic cells showing occasional clear cyto-
plasmic cross-striations, numerous multinucleated gi-
ant cells and rare mitotic figures (Iwanowicz et al.,
2001). In the third paper, the neoplasm was located
in the ventricular lumen and was formed of multinu-
cleated neoplastic cells (strap cells) with cytoplasmic
striations, immersed in a myxoid matrix (LePage
et al., 2012). The histological features of these three
cases are different to the case described herein because
muscular differentiation was obvious in all three. In
the case described in a sea dragon, other typical histo-
logical features included the presence of a myxoid
basophilic matrix, moderate oedema and rare mito-
ses, while in the present case, tumour cells appeared
densely packed and mitoses were numerous and atyp-
ical. Similar to the case report in giant gourami, some
multinucleated giant cells were also noted in the pre-
sent case.

In human and veterinary medicine, the histological
classification of RMS consists of two main histotypes,
eRMS and alveolar aRMS. The eRMS histotype in-
cludes three variants that are named according to
their predominant cellular morphology. The two
most common are represented by the myotubular
variant of eRMS, which is dominated by multinucle-
ated strap cells forming myotubes with frequent cross-
striations (often only identified by histochemical
staining with PTAH, which highlights striations as
dark blue/purple lines among pale blue/purple myo-
fibres) and the rhabdomyoblastic variant, which is
dominated by round to polygonal cells with abundant
cosinophilic cytoplasm with only rare PTAH-positive
cross-striations (Van Vleet and Valentine, 2007;
Caserto, 2013). The case described here shared
some morphological features of both types of eRMS:
predominant round to polygonal cells reminiscent of
myoblasts and rare multinucleated cells reminiscent
of myotubes (strap cells) containing cytoplasmic
cross-striations; however, the scant amount of cyto-
plasm in the neoplastic cells was not typical of
eRMS and could have erroneously led to the diag-
nosis of a lymphoid neoplasm.

The aRMS is characterized by small, poorly differ-
entiated, round cells with scant cytoplasm, arranged
into packets of cells separated from each other by
fibrous connective tissue, forming alveolar-like pat-
terns. aRMS is further subdivided into the classic
alveolar pattern, which is characterized by extensive
sloughing of neoplastic cells into a central open space
with additional neoplastic cells lining the fibrous
septa, and the solid variant, which is characterized
by sheets of small round cells closely packed together
with lack of rhabdomyoblastic differentiation (Van
Vleet and Valentine, 2007; Caserto, 2013). In the

present case, the cellular pattern was a poorly
differentiated ‘small round cell category’ sarcoma,
more similar to aRMS and in particular to the solid
variant. Moreover, the absence in the majority of
neoplastic cells of a clear muscular differentiation
was closer to aRMS. The final diagnosis was a solid
variant of aRMS.

Human aRMS and eRMS are thought to arise by a
multistep process leading to loss of tumour suppressor
genes and genes affecting the regulation of apoptosis
and cellular senescence. Recent molecular studies
have suggested that aRMS represents an arrested
stage of development of undifferentiated myoblasts.
The cause of the arrested stage of development could
be related to the PAX-FKHR mutation and fusion,
which leads to increased levels of MyoD1 and myoge-
nin, resulting in cell proliferation and myogenic dif-
ferentiation, respectively (Bentzinger et al., 2012;
Caserto, 2013).

In addition to routine histopathology, the panel of
immunohistochemical markers proposed by Caserto
(2013) was performed. IHC is useful in differentiating
RMSs from other mesenchymal tumours or embry-
onal tumours, but the expression of muscle-specific
markers depends on the degree of differentiation of
the neoplastic cells along the myogenic lineage. In
this case, there was diffuse marked positivity of the
majority of the cells for sarcomeric actin and multi-
focal expression of vimentin, which are markers of
striated muscle (Costa et al., 2002) and employed in
human and veterinary medicine in the diagnosis of
RMS (Hill and Laskin, 2001; Caserto, 2013;
Parham and Barr, 2013).

In contrast, MyoD1, myogenin and desmin, which
are elective markers for the diagnosis of RMS
(Caserto, 2013), were negative. In this case the pro-
tein sequence identity between human and salmonids
for these two markers was low, so the negative result
was likely due to a lack of cross-reactivity, as the inter-
nal control of fish striated muscle was also negative
(Table 1).

In mammalian and avian muscle, myoblasts
contain vimentin. When myoblasts fuse together to
form myotubes, desmin integrates into the myotube’s
pre-existing vimentin filament system, acting as a
scaffold for the organization of desmin during the
early phase of myogenesis. Desmin is first expressed
around the nucleus and later occupies the rest of the
cell. Within mature skeletal muscle, intermediate fila-
ments express desmin along the transverse bands sur-
rounding the Z discs and connecting myofibrils (Cary
and Klymkowsky, 1994).

MyoDI and myogenin are myogenic nuclear regu-
latory molecules, which act as transcription factors

and stimulate myogenesis. MyoDI1  induces
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differentiation by activating muscle-specific genes
and is important in the switch from cellular prolifera-
tion to differentiation. Nuclear expression of MyoD1
is restricted to skeletal muscle and has been demon-
strated to be a sensitive marker of myogenic differen-
tiation. The antibody strongly labels the nuclei of
myoblasts in developing skeletal muscle tissue, while
the majority of adult skeletal muscle is negative.
Like MyoD1, myogenin is expressed earlier in skeletal
muscle differentiation than desmin. The antibody la-
bels the nuclei of myoblasts in developing muscle tis-
sue (Cessna et al., 2001; Sebire and Malone, 2003).

More specific to skeletal muscle is expression of pro-
teins involved in sarcomere construction, such as the
a-actin isoform found in sarcomeres, identified by
the antibody sarcomeric actin. As skeletal myocytes
differentiate further, they begin to accumulate sarco-
meric actin (Caserto, 2013). This marker has been
shown to be specific for identification of tumours
with rhabdomyoblastic differentiation, even when
they fail to mark with desmin (Carter and Hall,
1992).

Sequence comparison using BLAST is generally
used in proteomics to infer homology on the basis
of shared protein sequences (Pearson, 2013). In the
present investigation, protein sequence matching
was carried out to predict the potential immunohis-
tochemical cross-reactivity of different antibodies.
To the best knowledge of the authors, guidelines for
the prediction of interspecies cross-reactivity are
lacking, but sequence comparison is used as a prelim-
inary step for peptide synthesis for monoclonal anti-
body production, to check for the intraspecies
consistency of sequence and to avoid intraspecies
epitope cross-reaction (Lindskog et «l., 2005). In
the present study, all of the assessed identities were
over the cutoff value of 30% with significant E
(expectation value), which can be interpreted as a
protein homology, relevant from the evolutionary
point of view (Pearson, 2013). Among all markers,
only sarcomeric actin and vimentin were character-
ized respectively by 98% and 74% identity, a highly
significant E value and a strong and specific cyto-
plasmic immunolabelling (Table 1). However
considering other intrinsic variables such as sample
quality, protein cross-linking and antigen retrieval,
which may play a significant role in the success of im-
munolabelling, in-silico prediction cannot be used
alone and the inclusion of positive and negative inter-
nal controls is always essential. The lack of cross-
reactivity of the majority of the specific muscular
markers tested with salmonid tissues made TEM a
very helpful technique in identifying the myofila-
ment framework of muscle cells and in confirming

the diagnosis of RMS.

In conclusion, a spontaneously arising solid aRMS
in a brook trout was described for the first time. The
tumour was diagnosed by histology and confirmed
by TEM, while IHC showed poor efficacy due to
lack of antibody cross-reactivity. Considering the
scant immunohistochemical investigations conducted
on salmonids, in-silico sequence similarity screening
could be proposed as a useful ancillary technique for
predicting and corroborating the interpretation of
IHC. Finally, solid aRMS should be considered as a
differential diagnosis for ‘small round cell tumours’
in fishes.
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