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Fibrosarcoma in Pond-Cultured Hybrids of Salvelinus
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Abstract In the first filial generation of the Salvelinus miyabei < S. fontinalis hybrids, neoplasms
on the skin surface were observed. The tumors were composed of atypical spindle cells producing
collagenous fibers. The tumor cells invaded the tella subcutanea and trunk muscles. Metastases
occurred in the kidney. The tumors grew rapidly, concomitant with gonadal development. One
fish with the largest tumor died shortly after spawning. On the basis of these findings the tumors

have been classified as dermal fibrosarcomas.

Similar neoplasms developed in S. miyabei, but

not in S. fontinalis. The circumstances suggest that genesis of these tumors is hormonally and

genetically influenced.

There are several reports of mesenchymal
sarcomatous tumors, diagnosed fibrosarcoma
(Kazama, 1922; Takahashi, 1929), round cell
sarcoma (Hoshina, 1952), spindle cell sarcoma
(Nakatsukasa, 1968a), polymorphic sarcoma
(Nakatsukasa, 1968b), and leiomyoma (Kubota,
1955) in certain species belonging to the family
Salmonidae in Japan.

We recently observed spontaneous fibro-
sarcomas in species belonging to the genus
Salvelinus. 1In this report, some histological
observations on the neoplasmas are described
and illustrated.

Materials and methods

Two adult fish with tumorous growths on
the skin were collected from the first filial
generation (F,) of Salvelinus miyabei (female)
X S. fontinalis (male) hybrids, reared in the
ponds of the Oizumi hatchery, Tokyo Uni-
versity of Fisheries. Both were three-year old
females, weighing 1.13'and 1.36kg, respectively.
They had been selected for artificial egg strip-
ping, and their ovaries were well developed.
The gonado-somatic indices were 22.1 and 23.4,
respectively. Thick slices of the tumors were
fixed in Bouin’s solution or neutral formalin
and embedded in paraffin. Sections 4-6 u
thick were stained with hematoxylin-eosin,
Heidenhain’s. AZAN, or Giemsa. In ad-

dition to the tumors under investigation,
several of the visceral organs including
liver, kidney and headkidney, which were
abnormal in their gross anatomy, were also
examined histologically.

Results

The tumors protruded from the skin surface,
one being located just anterior to the dorsal
fin (Fig. 1), the other on the posterior dorsal
aspect of the head. They were disk-like in
appearance, and the former measured 1.2 cm
in diameter, while the latter was 0.8 cm.
Coloration was grayish yellow with diffuse
black dots (Fig. 2), and consistency was
rubbery-hard.- Vascular  congestion and
hemorrhage were not observed (Fig. 3).

- Although the normal structure of the skin
was greatly altered by the tumorous growths;
epidermis, dermis, and tella subcutanea were
distinguishable (Fig. 4). The neoplastic com+
ponents within the dermis were spindle cells,
round- cells, and atypical fibrocytes (Fig. 5):
Spindle cells were most abundant and were
variable in size, ranging in dimensions from
3X10 to. 5x 15 u. The nuclei of these cells
were also spindle-shaped and highly pleomor-
phic, and measuring 3-6X5-13 x. Hyper-
chromatism was recognized in many of the
cells. Cytoplasm was scant and weakly -€0-
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sinophilic. Round cells had less cytoplasm,
their margins were obscure, and their nuclei
measured 4.5-8 X 5.5-10u. Frequently, bizarre
and giant nuclei (9-11x15-20 u) were re-
cognized (Figs. 5, 6). Mitotic figures were
abundant (Fig. 7).

Among the cellular components, the fibrous
constituents were especially abundant. The
dense connective tissue layer in the dermis
was thickened and protruded to the skin sur-
face (Fig. 3). The upper region of dense
connective layer, which is relatively loose in
normal skin, was also thickened and became
compact. Melanophores were increased such
that the tumor was grayish, and the pigment
layer was clearly visible in the macroscopic
specimen. The epidermis displayed an ap-
pearnace of interstitial edema, and degenera-
tive changes such as necrosis and pycnosis of
the epidermal cells were observed. It was
further noted that the epidermis overlying
non-involved areas, especially the periphery
of tumor, showed hyperplasia (Fig. 8).

The tumor cells proliferated and invaded
the tella subcutanea. In the myosepta, in-
vading cells were easily recognized. Muscle
fibers were sometimes atrophic and fragmented
(Fig. 9).
~ In one instance, metastases were observed
in the kidney (Fig. 10). These lesions were
recognized as opaque nodules with rubbery
consistency. Five nodules were counted,
measuring 0.8 to 1cm in size, consisting of
spindle cells and fibers. The nodules were not
encapsulated, and they invaded the parenchy-
mal tissue. As a consequence, the glomeruli
and renal tubules around the nodules were
degenerative and some had disappeared.
Droplet degeneration in the endothelium of
the glomerular capillaries in areas remote
from the tumors was also observed. Capsular
epithelium and podocytes in these glomeruli
were relatively normal. In the renal matrix,
large quantities of hemosiderin were deposited.

Tumors occuring primarily in the liver were
also present in both fish. The lesions were
white or translucent, pinhead-sized tumors,
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and consisted of intensely basophilic cells
with large nuclei (Fig. 11). Within the head-
kidney, clusters of cells which closely re-
sembled the tumorous liver cells were recog-
nized. Interrenal tissue was slightly atrophic,
while the lymphoid tissue was normal.

The incidence of tumor was 809 in
40 fish examined so far in this study. The
tumors became visible just before the spawning
season. At that time the tumors had attained
a maximum size of S mm. After one or two
months, the tumors had grown to a size averag-
ing over 1 cm. The maximum size recorded in
one observation was 5cm. The fish with
these tumors died after spawning, whereas
those without tumors survived. The incidence
was relatively high in female fish.

Similar tumors also developed in S. miyabei.
However, no lesions were recorded in other
species such as S. fontinalis and S. pluvius,
both of which were reared in the same pond as
S. miyabei and the hybrids.

Discussion

The lesions observed in these hybrid fish
were composed of atypical spindle cells
growing in and around the dermal connective
tissues. The cells were highly pleomorphic and
a moderate degree of anaplasia was present.
The lesions invaded the muscle layer and pro-
truded above the skin surface. Metastases
occurred in the kidney. The fish with ad-
vanced tumors died after spawning. From
these findings, the lesions are interpreted to
be fibrosarcomas originating in the dermal
connective tissue.

It is well known that fibrosarcoma occurs
commonly in teleost (Wellings, 1969). Lucké
et al. (1948) reported possibly comparable
lesions in goldfish and postulated that environ-
mental factors were the cause. Walker (1961)
has demonstrated virus-like particles in the
cells of skin sarcoma in pike perch. Regard-
ing the neoplasm in hybrids of Salvelinus de-
scribed in this study, the causes are as yet
unclear. However, it is of interest that the
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lesions had become manifest with onset of
the spawning season, and that growth was
coincidental with gonadal development. This
suggests that the genesis of these tumors is
related to endocrine influences. Further, the
fact that the lesions were recognized in this
hybrid and in S. miyabei, but not in S. fontinalis,
suggests that hereditary factors are also influ-
ential. These two observations point the way
toward etiological studies that are required.
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Fig. 1. Fibrosarcoma of the Salvelinus miyabei X S. fontinalis hybrid, located on the back and just anterior

to the dorsal fin (arrow).

Fig. 2. Magnification of the tumor. Bar represents 0.5 cm.

Fig. 3. Longitudinal dissection of the tumor. Tumor appears to arise from the dense connective tissue
layer of the dermis (arrow) and projects above the skin surface. m: muscle

Fig. 4. Section of fibrosarcoma, showing abundant fibers. ed: epidermis, d: dermis, gl: germinal cell

layer. AZAN. Bar represents 50 x.

Fig. 5. Section of fibrosarcoma, showing pleomorphic features of the nuclei. Giant cells are observed
(arrow). Hematoxylin and eosin (HE). Bar represents 20 x. mp: melanophore.
Fig. 6. Highly cellular portion of fibrosarcoma, showing anaplastic nuclei and giant cells (arrow). HE.

Bar is 10 u.

Fig. 7. Section of fibrosarcoma, showing frequent mitotic figures (arrows). HE. Bar represents 10 .
Fig. 8. Section of fibrosarcoma, showing edematous epithelial cells (ec) and disordered germinal layer

cells (gmc). gc: goblet cell. HE. Bar is 10 p.

Fig. 9. Section of fibrosarcoma, showing invasion of tumor cells into the muscle layer. HE. Bar is 10 u.
Fig. 10. A portion of the metastatic tumor in the kidney. HE. gl: glomerulus, ut: urinary tubules. Bar

is 10 u.

Fig. 11. Section of liver, showing trabecular hepatoma. HE. Bar is 10 .
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