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Brief Communication

Malignant Leydig cell tumor in dogs: two
cases and a review of the literature

Tomoo Kudo, Junichi Kamiie, Naoyuki Aihara, Masaki Doi, Ayumi Sumi,
Tetsuo Omachi, Kinji Shirota'

Abstract. Malignant Leydig cell tumor (MLCT) is a rare testicular tumor in dogs. We report herein 2 dogs with MLCT
and cutaneous metastasis. Grossly, marked enlargement and distortion of the involved testes were noted; on cut surface, the
parenchyma was completely replaced by neoplastic tissue. In addition, these tumors had extensive necrosis and hemorrhage.
Case 1 had a rapidly growing cutaneous mass in the left angle of the mouth; the lesion was well-circumscribed and had an
indistinct lobular pattern. Case 2 had multiple cutaneous masses in the dorsal neck region, the thoracic back region, and the
right hindlimb. Microscopically, the tumor lobules were composed of oval-to-polyhedral cells with eosinophilic cytoplasm
and resembled testicular tumors. By immunohistochemistry, the neoplastic cells in both the testicular and cutaneous tumors
were positive for inhibin-alpha and melan A. The mitotic counts of the primary tumors from cases 1 and 2 were 21 and 11 per
10 high-power fields, respectively. Based on these findings, the cases were diagnosed as MLCT with cutaneous metastasis. Ki-
67 expression in the neoplastic cells of the 2 cases was higher than in benign Leydig cell tumors. Our findings may be helpful

for the diagnosis of canine MLCT.
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Testicular tumors are among the most common neoplasms in
aged male dogs,”’ and the incidence of such tumors in dogs
is higher than in any other mammalian species.” Testicular
tumors may be divided into 2 categories: sex cord-stromal
tumors and germ cell tumors.’ Sex cord-stromal tumors are
derived from either Leydig cells or Sertoli cells. Leydig cell
tumors (LCTs) are the most common type of testicular tumor
in dogs, rats, and mice,’ and are usually regarded as benign
tumors in dogs.”’ Although some authors have described
malignant LCTs (MLCTs) in dogs,>'® the diagnostic criteria
for malignancy are unclear.

In human medicine, Ki-67 expression is helpful for the
distinction of benign and malignant tumors."'*'>!® It has
been reported that the Ki-67 labeling index (LI) is associated
with poor prognosis in various human cancers.'' The consis-
tent relationship between the Ki-67 LI and increased number
of mitotic figures also has been reported in human cancers. "
In veterinary medicine, the Ki-67 LI has been reported to be
significantly associated with tumor metastasis and overall
survival, and to be useful for the distinction of malignant and
benign lesions in canine mammary tumors."* We describe
herein the histopathologic features of 2 canine cases of
MLCT with distant cutaneous metastasis. In addition, we
compared the mitotic count (MC) and Ki-67 LI of the neo-
plastic cells in our cases with those of benign LCTs (BLCTs).

Case 1 was a 5.5kg, 14-y-old Shetland Sheepdog with a
history of unilateral cryptorchidism. The intra-abdominal
testis was removed 13y ago; information on the pathology of

the undescended testis was unavailable. The remaining tes-
tis, which had descended into the scrotum, was resected
because of rapid swelling. At 10mo after surgery, the refer-
ring veterinarian noted a rapidly growing cutaneous mass in
the left angle of the mouth, and this mass was resected. At
that time, the dog was under treatment for acute pancreatitis.

Case 2 was a 14.7kg, 13-y-old mixed-breed dog with
enlargement of the right testis. At the time of bilateral orchi-
ectomy, a cutancous mass was detected in the dorsal neck
region and was resected. Two months after orchiectomy, 3
additional cutaneous nodules were observed. Two of the nod-
ules were located in the thoracic back region; the third nod-
ule was located in the right hindlimb.

Both dogs died suddenly ~6 wk after the last surgery. Dur-
ing preoperative examination, the condition of both dogs was
generally good. There was no evidence of visceral metastasis
by ultrasonography and chest radiography. No lymphade-
nopathy was noted on palpation. Unfortunately, autopsies
were not performed.
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Table 1. Signalment and proliferative indices of cases of malignant and benign canine Leydig cell tumors.

Maximum dimension

Proliferative indices

of testicular tumor size

Case Age (y) (cm) MC Ki-67 LI Condition of the contralateral testis
1 14 6.0 21 17.9 Not present

2 13 8.0 11 20.5 Atrophic

BCLT 1 15 1.5 0 1.9 Sertoli cell tumor

BCLT 2 10.5 4 1 32 Atrophic

BCLT 3 9 1.3 0 2.2 No remarkable change

BCLT 4 14 1.1 4 2.5 Atrophic

BCLT 5 12 1.4 2 9.2 Atrophic

BCLT 6 11.5 0.2 0 1.6 Hypoplastic with cryptorchidism

BCLT 7 13 0.8 0 53 Leydig cell tumor with multilocular cystic lesion
BCLT 8 14 1.3 3 6.4 Atrophic

BCLT 9 12 1.5 3 7.9 Not available

BCLT 10 14.5 22 0 6.3 Atrophic

BLCT = benign Leydig cell tumor; LI = labeling index; MC = the number of mitotic figures in 10 consecutive fields with a total area of 2.37mm?. Ki-67 LI values were
determined by semi-automated analysis of 5 images (200x) with Ki-67 immunostaining using the Fiji/ImageJ ImmunoRatio plugin.'’

On gross examination, the affected testes were markedly
enlarged and distorted in both cases (Table 1). On cut sur-
face, normal testicular parenchyma was replaced by a yellow
or tan-to-brown mass (Fig. 1A). The testicular masses had a
multinodular appearance and contained areas of hemorrhage
and necrosis. In case 2, the tumor involved the visceral lam-
ina and invaded the cavum vaginale; an adhesion was
observed between the tumor and the parietal lamina. Macro-
scopically, the cutaneous lesions of each case had similar
features. Each lesion was a well-circumscribed, yellow-to-
tan nodule. The nodule in case 1 had an indistinct lobulated
appearance on cut surface.

Histologically, most of the findings in the testicular
tumors were similar in both cases. The neoplasm was com-
posed of multiple lobules separated by a fibrovascular con-
nective tissue stroma (Fig. 1B). The neoplastic cells were
oval-to-polyhedral and had variable amounts of granular or
vacuolated eosinophilic cytoplasm with distinct cell borders
(Figs. 1C, 1D). Nuclei were round-to-oval with finely to
coarsely stippled chromatin, and contained 1-3 prominent
nucleoli in most neoplastic cells. The neoplastic cells had
mild-to-moderate anisocytosis and anisokaryosis (Figs. 1C,
1D). In case 1, there were variations in cell density and
nuclear pleomorphism of neoplastic cells. Areas of increased
cell density with a high nuclear-to-cytoplasmic ratio and
moderate nuclear pleomorphism also had increased numbers
of mitoses (Fig. 1C). The neoplasm was composed of a mix-
ture of areas of more and less pleomorphism. These findings
were not observed in case 2. In both cases, neoplastic cells
that were located in extensive areas of necrosis and hemor-
rhage had invaded the stromal connective tissue. In case 2,
neoplastic cells had also infiltrated the tunica vaginalis
through the tunica albuginea. Vascular invasion by neoplas-
tic cells was observed in both cases, and intravascular neo-
plastic cells within the pampiniform plexus were seen in case

2. The MC is defined as the number of mitotic figures of the
neoplastic cells in 10 consecutive fields, using the 40x objec-
tive lens and the 10x ocular lens (FN 22 mm), with a total
area of 2.37mm”. The MC was 21 and 11 in cases 1 and 2,
respectively. Microscopically, the cutaneous tumors in both
cases were composed of oval-to-polyhedral cells that resem-
bled those seen in testicular tumors (Figs. 1E, 1F). The neo-
plastic cells were arranged in trabeculae and nests separated
by fibrovascular septa with extensive invasion into the sur-
rounding dermis, subcutis, and/or deep skeletal muscle. In
case 1, the cutaneous neoplasm resembled the testicular neo-
plasm in the areas of increased cell density with a high
nuclear-to-cytoplasmic ratio (Figs. 1C, 1E). Canine LCTs
have been shown to be strongly positive for both inhibin-
alpha and melan A.'? Neoplastic cells in both of our testicular
and cutaneous tumors were positive for inhibin-alpha and
melan A (Table 2; Fig. 1G). Based on these findings, we
diagnosed the 2 cases presented herein as MLCT with cuta-
neous metastasis.

Increased mitotic activity and increased Ki-67 expres-
sion have been recorded in human MLCTs.!” We compared
the MC and Ki-67 LI of the neoplastic cells in our cases
with the 10 BLCT cases randomly selected from our labo-
ratory records (Table 1). Macroscopically, all cases of
BLCTs had a well-circumscribed mass with an average
maximum dimension of 1.5c¢m (range: 0.2—4 cm; Table 1).
Microscopically, neoplastic cells showed little-to-mild
cytologic atypia with low MC (x MC = 1.3, range: 0-4;
Table 1). Also, necrosis of neoplastic tissue and invasion
into adjacent parenchyma were not observed in all cases.
We also performed immunohistochemistry using monoclo-
nal antibody to Ki-67 (Table 2). Germ cells within the sem-
iniferous tubules were used as positive controls for Ki-67
immunostaining.'” For assessment of the Ki-67 LI, 5
regions with higher Ki-67 expression were captured from
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Figure 1. Macroscopic and histologic features of the malignant canine Leydig cell testicular tumor (A-D). A. The testicular parenchyma
has been replaced by testicular tumor tissue and has multifocal necrosis. Adhesion between the tunica vaginalis and the tumor mass is also
present (arrows). B. Tumor lobules are separated by a thin fibrovascular stroma; intralobular necrosis (arrow) is present. H&E. Bar = 500 um.
C. The tumor has mild-to-moderate atypia and a high mitotic count. H&E. Bar = 50 um. D. Neoplastic cells had more abundant cytoplasm;
focal necrosis was present (arrow). H&E. Bar = 50 um. E-G. Histologic features of the metastatic cutaneous malignant Leydig cell tumors.
E, F. Round-to-polygonal neoplastic cells, with eosinophilic cytoplasm, resemble Leydig cells. H&E. Bars = 50 um. G. Neoplastic cells are
positive for inhibin-alpha. Bar = 50 um. H, I. Ki-67 immunostaining of the malignant (H) and benign Leydig cell tumor (I). Bars = 50 um.

Table 2. Antibodies used for immunohistochemical investigation of canine Leydig cell tumors.

Antibody against: Source Type/clone Dilution Pretreatment

Inhibin-alpha Bio-Rad AbD Serotec, Kidlington, UK~ mAb/R1 1:50 Citrate buffer, pH 6.0, HIER, 10 min
Melan A Leica Biosystems, Newcastle, UK mAb/A103 1:50 EDTA buffer, pH 9.0, HIER, 10min
Ki-67 Nichirei Biosciences, Tokyo, Japan mADb/SP6 Ready-to-use  EDTA buffer, pH 9.0, HIER, 20 min

EDTA = ethylenediamine tetra-acetic acid; HIER = heat-induced epitope retrieval; mAb = monoclonal antibody.

tumor sections in each case at high magnification (20x
objective). Automatic color segmentation was performed
on 5 images from each case (Fiji/lmage] ImmunoRatio
plugin; imagej.nih.gov)."” The average Ki-67 LI of the 2
MLCT cases and the 10 BLCTs was 19.2 and 5.0, respec-
tively (Table 1; Figs. 1H, 1I). This result suggested that
Ki-67 staining might be useful in this determination when
metastases or invasion is not clearly evident.

In humans, 10% of LCTs are classified as malignant.'” The
pathologic features of human MLCT have been reported to

include large size (>5 cm), necrosis, cytologic atypia, increased
mitotic activity, increased Ki-67 expression, and vascular
invasion.'” MLCTs also develop in rats and mice, and the diag-
nostic criteria for this tumor type in these animals resemble the
criteria in humans, except that mitotic figures are infrequent in
the tumor tissues of these animals.’ In canine cases of MLCT,
enlargement and distortion of the testis and replacement of the
testicular tissue by tumor with marked necrosis have been
described previously.® In our study, the involved testes exhib-
ited marked enlargement and distortion, replacement of the
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parenchyma by tumor tissue, and extensive necrosis with hem-
orrhage. Canine LCTs have been reported to be generally
small and to produce little, or only subtle, distortion of the
affected testis.” The affected testes in the 10 cases of BLCT
that we reviewed were smaller than the 2 MLCT cases pre-
sented herein. In addition, tumor necrosis was not observed in
the cases of canine BLCT that we reviewed.

Ki-67 expression was significantly higher in adenocarci-
nomas than in adenomas of the adrenal, pituitary, and para-
thyroid glands,"'>'® and Ki-67 LI is a prognostic indicator of
neuroendocrine tumors.’ The Ki-67 index is indicative of the
clinical behavior of LCT in humans.® In addition, the Ki-67
indices of BLCTs have been reported as zero, and a MLCT
had an index of 20%.° We showed that the MC and the Ki-67
LI were higher in our 2 MLCT cases than in our 10 BLCT
cases. These results suggest that marked tumor necrosis
reflected high proliferative activity in these tumors. There-
fore, increased MC and Ki-67 expression are also considered
features indicative of a malignant phenotype in canine LCTs,
which is identical to what is observed in human LCTs. These
findings may help in the diagnosis of canine MLCT.

A further large-scale study is necessary to evaluate the
diagnostic criteria for canine MLCTs. The number of mitotic
figures was reported to be low in MLCT tissues in a dog.'® A
plausible reason for these differences may be the heterogene-
ity of proliferative activity within tumor tissues. In case 1,
heterogeneity of cell density and nuclear pleomorphism was
observed in the testicular neoplasm. In the areas of increased
cell density, there was moderate nuclear pleomorphism, and
Ki-67-labeled cells were clearly increased. In addition, the
cutaneous neoplasm in case 1 resembled the testicular neo-
plasm in the areas of increased cell density.

Cutaneous metastasis of malignant neoplasms is uncom-
mon in both animals and humans. The most common
sources of cutaneous metastases in humans are breast, skin,
lung, uterine, kidney, and gastrointestinal cancers.® Two
cases of canine MLCT with metastasis were reported previ-
ously, and one showed multiple skin metastases; the other
showed metastasis to the left hindlimb musculature.®'® In
our study, both of the cases exhibited cutaneous metastatic
lesions, which were recognized in case 2 at the time of ini-
tial diagnosis. It has been reported that ~20% of human
patients with MLCT had metastatic lesions at the time of
initial diagnosis and that the common sites of metastasis
included the regional lymph nodes, liver, lung, and bone.®
Previous studies in dogs™'® showed that metastasis of
MLCT to the lung and brain was suspected according to
clinical signs and radiologic examination. Both of our cases
died within 2mo of the last surgery; however, autopsies
were not performed. No clinical evidence of tumor metas-
tasis was seen in the regional lymph nodes or visceral
organs. In the present and previously reported cases of
canine MLCT, 3 of 4 cases had cutaneous metastasis.

Therefore, canine MLCT may be predisposed to cutaneous
metastasis, although the reason for this is unknown.
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