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Mixed germ cell-sex cord-stromal tumor with a concurrent interstitial cell tumor in
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ABSTRACT. A 5-year-old male ferret presented with an enlarged canalicular testis in the left inguinal region. Microscopically, the enlarged
testis consisted of a diffuse intimately admixed proliferation of c-kit-positive germ cell-like and Wilms tumor-1 protein-positive Sertoli
cell-like components, but no Call-Exner body was detected. In addition, the compact proliferation of steroidogenic acute regulatory protein-
intense positive interstitial cells was identified in a separate peripheral area of the mass. Based on histopathological and immunohistochemi-
cal findings, the tumor was diagnosed as a mixed germ cell-sex cord-stromal tumor with a concurrent interstitial cell tumor.
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Although neoplastic diseases in ferrets have been reported
in various organs, testicular tumors in ferrets are very rare [5,
9, 11] due to the common practice of early neutering in male
ferrets [1]. In fact, there are only four reports of testicular
tumors in ferrets including interstitial cell tumors, a Sertoli
cell tumor with an interstitial cell tumor and a benign pe-
ripheral nerve sheath tumor [1, 3, 4, 10]. Here, we report the
pathological features of a mixed germ cell-sex cord-stromal
tumor (MGSCT) with a concurrent interstitial cell tumor in
a ferret.

A 5-year-old male ferret in good general condition was
admitted to a veterinary hospital for medical follow up on
an enlarged spleen and adrenal gland. Upon examination,
a mass was found in the left inguinal region, which was
suspected to be an undescended testis, as only one testis
was detected in the scrotum. The mass and the remaining
testis were surgically removed, and the ferret did not exhibit
any evidence of tumor recurrence or metastasis following
surgery. The enlarged spleen and adrenal gland were not
examined according to an owner’s intention.

The left testis was fixed in 10% neutral buffered formalin,
embedded in paraffin wax and processed for routine histo-
logical sectioning. The resulting sections were stained with
hematoxylin and eosin (H&E) and periodic acid-Schiff stain
(PAS). For immunohistochemistry, the sections were labeled
using the peroxidase-conjugated immune polymer method
(Envision; Dako, Glostrup, Denmark). Primary antibodies to
c-kit (Dako,; 1/250 dilution), Wilms tumor-1 protein (WT-1,
Santa Cruz Biotechnology, Dallas, TX, U.S.A.; 1/500 dilu-
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tion) and steroidogenic acute regulatory protein (StAR,
Santa Cruz Biotechnology; 1/300 dilution) were used to
label for germ cells, Sertoli cells and interstitial cells, respec-
tively. The sections were dewaxed, and heat induced antigen
retrieval was performed using the Target retrieval solution
(Dako, pH 6.0 for c-kit and WT-1, high pH for StAR) at
121°C for 1 min. The results of preliminary validation of
cross-immunoreactivity using normal ferret testis indicated
that the expression of c-kit and WT-1 was specific to germ
cells and Sertoli cells, respectively [6, 16] (Figs. 5 and 6).
Intense immnunoreactivity of StAR was observed in inter-
stitial cells, and Sertoli cells were also slightly positive for
StAR [6, 14] (Fig. 7).

Gross examination revealed that the tumor was 6.5 x 5.5
cm in size, firm and irregularly round in shape. The cut sur-
face revealed whitish yellow, partially brown and dark red
areas which was suspected as hemorrhage (Fig.1). Likewise,
a number of cystic cavities were observed at the cut surface.

The histopathological results revealed that the left testis
was replaced entirely by neoplastic tissue. The neoplasm
consisted of a diffuse intimately admixed proliferation of
germ cell-like cells and Sertoli cell-like cells (Figs. 2 and 3).
The former were large round cells that possessed abundant
clear cytoplasm, large round to ovoid nuclei with one or two
prominent large nucleoli and c-kit positive membranes (Fig.
8). The latter were spindle to polygonal cells that exhibited
scant cytoplasm, oval to spindle nuclei including obvious
nucleoli and WT-1 positive nuclei (Fig. 9). These cells
proliferated diffusely in most areas. Mitotic figures were ob-
served in germ cell populations, but infiltration of neoplastic
cells into the tunica albuginea was not observed. Likewise,
a structure resembling a Call-Exner body, which is PAS-
positive material centered in rosette-structures consisting of
Sertoli-like cells, was not identified.

In the peripheral area of the testicular mass, another com-
ponent consisting of cells with abundant granular weakly
eosinophilic cytoplasm and round to oval, small nuclei were
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detected. Proliferation of these cells were divided into com-
pact nests by fine vascular connective tissues that contained
evidence of hemorrhage (Fig. 4). The cells were devoid of
mitotic figures and exhibited StAR-intense positive cyto-
plasmic granules, but negative for c-kit and WT-1 follow-
ing immunohistochemistry (Fig. 10). Further, the boundary
between MGSCT and this proliferation was distinct. Based
on the morphological and immunohistochemical results,
proliferation of those cells was identified as an interstitial
cell tumor.

Histological and immunohistochemical findings indicated
that the testicular mass in the present case consisted of an
admixture of the tumor cells originating from germ cells and
from the sex-cord driven cells concurrent with an interstitial
cell tumor. Testicular tumors in domestic animals are clas-
sified as germ cell tumors sex cord-stromal tumors, and
MGSCT, but MGSCT is very rare [8]. The neoplasm charac-
terized by intimately mixed germ cells and sex cord stromal
cells has been divided into MGSCT and gonadoblastoma. In
humans, gonadoblastomas consist of discrete nests separated
by fibrous stroma containing Call-Exner bodies or calcified
foci [15]. Though gonadoblastomas are not included in the
World Health Organization classification of tumors that oc-
cur in domestic animals, detection of gonadoblastomas has
been reported in two canines, two rabbits and in a lesser
galago [7, 8, 16]. On the other hand, MGSCTs typically
consist of diffuse admixed proliferation of two cell types,
and Call-Exner bodies are usually absent [17]. The present
case consisted of various sizes of irregular nests containing
germ cell and Sertoli cell components. However, there were
neither Call-Exner bodies nor any calcified foci, and thus,
the tumor was diagnosed as a MGSCT.

In humans, two thirds of gonadoblastomas contain vari-
ous amounts of interstitial cell component, and gonadoblas-
tomas reported in a stallion have described that an MGSCT
contained foci of interstitial cells that were considered in-

terstitial cell-differentiation of neoplastic sex cord-stromal
cell components [2, 4, 15]. Further, two cases of concurrent
MGSCT and interstitial cell tumors have been reported in
canines [12, 13]. In the present case, gross and histopatho-
logical findings indicated that the proliferation of interstitial
cells was located outside the neoplastic tissue and was com-
pressed by the MGSCT. In addition, no proliferation of germ
cells and Sertoli cells was noted in the proliferating area of
the interstitial cells. Thus, the proliferation of the interstitial
cells was considered a concurrent tumor rather than a neo-
plastic component of the MGSCT.

To our knowledge, the present case is the first report of a
MGSCT with an associated interstitial cell tumor occurring
in the testis of a ferret.

REFERENCES

1. Batista-Arteaga, M., Suarez-Bonnet, A., Santana, M., Nifo, T.,
Reyes, R. and Alamo, D. 2011. Testicular neoplasms (interstitial
and Sertoli cell tumours) in a domestic ferret (Mustela putorius
furo). Reprod. Domest. Anim. 46: 177-180. [Medline] [CrossRef]

2. Brito, L. F., Engiles, J. B., Turner, R. M., Getman, L. M. and
Ebling, A. 2009. Bilateral testicular mixed germ cell-sex
cord-stromal tumours in a stallion. Reprod. Domest. Anim. 44:
846-851. [Medline] [CrossRef]

3. Carpenter, J. W. and Novilla, M. N. 1977. Diabetes mellitus in
a black-footed ferret. J. Am. Vet. Med. Assoc. 171: 890-893.
[Medline]

4. Cullen, J. M., Whiteside, J., Umstead, J. A. and Whitacre, M. D.
1987. A mixed germ cell-sex cord-stromal neoplasm of the testis
in a stallion. Vet. Pathol. 24: 575-577. [Medline]

5. Dillberger, J. E. and Altman, N. H. 1989. Neoplasia in ferrets:
eleven cases with a review. J. Comp. Pathol. 100: 161-176.
[Medline] [CrossRef]

6. Gentil, M., Hoffmann, B., Spang, A., Failing, K. and Goericke-
Pesch, S. 2012. Restart of steroidogenesis in dogs during
recrudescence of testicular function following downregulation
with a GnRH-agonist implant. Cell Tissue Res. 350: 513-523.

Fig. 1.

Gross findings. The cut surface revealed pale yellow, partially tan to brown or dark red areas, which corresponded to interstitial tumor

cells (arrowheads). Some cystic cavities were also observed. Scale=5 mm.

Fig. 2.

Histopathological findings of the tumor. The neoplasm consisted of diffuse proliferation of intimately admixed germ cell-like cells and

Sertoli cell-like cells. Interstitial cell tumor (arrowheads) was compressed by MGSCT. Bar=200 ym.

Fig. 3.

Histopathological findings of MGSCT. Diffuse proliferation of large round germ cells characterized by abundant clear cytoplasm and

large round to ovoid nuclei with one or two prominent large nucleoli (arrowheads) and spindle to polygonal Sertoli cells with scant cytoplasm
and oval to spindle nuclei including obvious nucleoli (arrows). Mitoses were scattered. Bar=50 pm.

Fig. 4.

Histopathological findings of interstitial cell tumor. Proliferation of interstitial cells with abundant granular weakly eosinophilic cyto-

plasm and round to oval, small nuclei divided into compact nests by fine vascular connective tissues. Mitotic figures were absent. Bar=25 um.

Fig. 5.
Fig. 6.

Fig. 7.
Sertoli cells were also slightly positive for StAR. Bar=50 ym.
Fig. 8.
(arrowheads). Bar=50 ym.
Fig. 9.

Immunohistochemistry of c-kit in normal ferret testis. The spermatocytes were membranous positive in the cytoplasm. Bar=50 ym.
Immunohistochemistry of WT-1 in normal ferret testis. Nuclei of Sertoli cells were positive. Bar=50 um.

Immunohistochemistry of StAR in normal ferret testis. The cytoplasmic granules of interstitial cells were intensely positive for StAR.
Immunohistochemistry of c-kit. Germ cells were membranous positive for c-kit in the cytoplasm. Sertoli cells were negative for c-kit

Immunohistochemistry of WT-1. Sertoli cells were nuclear positive for WT-1. Germ cells were negative for WT-1 (arrowheads). Bar=50 gm.

Fig. 10. Immunohistochemistry of StAR. In the left lower area, germ cells and Sertoli cells were negative for StAR. In contrast, the cytoplasmic
granules of interstitial cells were positive for StAR in the right upper area. The boundary between MGSCT and interstitial cell tumor was

distinct. Bar=50 um.
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