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ABSTRACT: Canine Renal Cell Carcinoma (Canine RCC) is a primary renal tumor in dogs. No definitive immu-
nohistochemical marker for this tumor is yet defined in veterinary medicine. In this case presentation, a Canine RCC
detected in an 8-year-old intact male Golden Retriever was described and suitability of RCC-PN15 mouse monoclonal
antibody as a diagnostic marker for this tumor was investigated. The primary tumor mass was in the right kidney and
there were metastases in liver, spleen, lung, and the left kidney. Solid, tubular, and papillary subtypes of Canine RCC
were noted in the primary tumor mass. In immunohistochemical staining for RCC-PN15, weak to strong immunoreac-
tivities were observed in the primary and metastatic nodules. In this case report, RCC-PN15 was shown to be success-
fully used in diagnosis of Canine RCC.
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INTRODUCTION

anine renal cell carcinoma (Canine RCC) is the

most common primary renal neoplasm arising
from epithelial cells of the nephron in dogs (Peat et
al., 2017). Primary renal neoplasms are reported to
consist of 0.3 to 1.5% of all canine neoplasms, and
49-65% of these neoplasms are estimated to be Ca-
nine RCC (Carvalho et al., 2017; Edmondson et al.,
2015). Canine RCC are classified according to his-
tologic (papillary, tubular, solid, and cystic type) or
cytologic (chromophobic, eosinophilic, and clear cell
type) subtypes. Although these tumors can be subdi-
vided into histologic and cytologic subtypes, different
subtypes can coexist in some cases (Meuten & Meu-
ten, 2016; Nielsen et al., 1976). This case report aims
to describe the gross and histopathologic characteris-
tics of Canine RCC detected in an 8-year-old dog as
well as immunohistochemical features giving special
emphasis to RCC-PN15, which was previously not
described in Canine RCC.

CASE HISTORY

An 8-year-old intact male Golden Retriever with
no previous clinical sings was presented for necrop-
sy purposes to the Department of Pathology, Facul-
ty of Veterinary Medicine, Balikesir University. On
necropsy, the dog was in normal body condition. A
gray-white firm mass sizing 10x12x15 c¢cm in diam-
eters located at the cranial pole of right kidney was
seen (Figure 1A). The cut surface of the tumor mass
included a necrotic center surrounded by irregularly
shaped reddish to dark brown foci (Figure 1B). There
were also multiple soft gray-white nodules 1-2 cm

Figure 1. (A) A gray-white mass sizing 10x12x15 cm in diameters located at the cranial pole of the right kidney, (B) cut surface of the

in diameter on the liver (Figure 1C) and the spleen
(Figure 1D) and gray-white miliary nodules on the
caudal lobes of the lungs (Figure 1E) and the left kid-
ney. There was no macroscopic finding in the other
abdominal and thoracic organs and regional lymph
nodes. Based on the macroscopic features, it was
considered that the primary mass originated from the
renal tissue, and the nodules in the lung, liver, and
spleen were metastatic lesions.

Tissue samples from the mass and the organs were
collected and fixed in 10% neutral buffered forma-
lin. After the fixation, the samples were routinely
processed and stained with Hematoxylin and Eosin
(HE) for histopathological evaluation. Immunohis-
tochemistry was performed using BenchMark Ultra
Stainer (Roche). Primary antibodies used against the
following antigens were Renal Cell Carcinoma (clone
PN15, prediluted; Cell Marquer, Roche), PAXS8
(clone MRQ-50, prediluted; Cell Marquer, Roche)
and CD10 (clone SP67, prediluted; Ventane, Roche).
The sections were evaluated under a light microscope.

Histopathologic patterns of the primary renal mass
and metastatic nodules were indicated in Table 1.
The primary renal mass was partially demarcated and
showed infiltrative growth to the adjacent normal re-
nal tissue. All three forms of the primary tumor mass
had poor stroma. Neoplastic cells in the solid subtype
of the primary tumor mass were mostly not organized
in a specific pattern or occasionally showed loosely
formed short sheets. Approximately 70-80% of the
solid areas of the primary renal mass were composed
of cuboidal to columnar cells with granular, lightly
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primary tumor; a necrotic center surrounded by irregularly shaped reddish to dark brown foci, (C) the liver; gray to white nodules on
the right medial lobe, (D) the spleen; irregularly shaped reddish to dark brown nodules, (E) the lung; gray to white miliary nodules on

the caudal lobes.
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Table 1. Histologic subtypes of the tumor tissues.

Tissue Histologic subtypes
Primary tumor mass Papillary - Tubular - Solid
Liver nodule Solid

Spleen nodule Papillary - Tubular
Pulmonary nodule Solid

Left kidney nodule Solid
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Figure 2. Microscopic view of the primary tumor and the metastases. (A) Right kidney; solid (triangle) and papillary (star) subtypes

of renal cell carcinoma, (B) tubular subtypes of renal cell carcinoma in the kidney, (C) the liver; center of nodules had areas of sarco-
matous differentiation and periphery had light eosinophilic cytoplasm and uniform central nuclei, (D) the spleen; fibrovascular stroma
lined up by cuboidal epithelium, (E) the lung; tumor cells clustered in a small nest and a bizarre nucleated giant cell (arrow), (F) the left

kidney, intravascular metastasis, glomerular atrophy and interstitial fibrosis. HE

to intensely eosinophilic, having abundant cytoplasm
with distinct cell borders. The nuclei of the tumor
cells in these solid areas were round to ovoid and
the nucleoli were prominent and eosinophilic. Pap-
illary areas of the primary renal mass lined up on a
thin stroma and formed finger-like projections (Fig-
ure 2A). Tumor cells in the papillary areas were large
pleomorphic cuboidal cells with prominent nucleoli.
Tumor cells in the tubular areas had also pleomorphic
nuclei and eosinophilic cytoplasm and were lined up
in a single row around the lumen (Figure 2B). The
mitotic index was high according to the scale given by
Edmondson et al. (2015). Adjacent to the primary tu-
mor mass in renal tissue were observed glomerular at-
rophy, interstitial fibrosis, necrosis, and hemorrhages.
Metastatic nodules in the liver were finely demarcated
and showed invasion into the normal tissue (Figure
2C). The center of the nodules had areas of sarcoma-
tous differentiation and cuboidal cells with pleomor-
phic nuclei and eosinophilic cytoplasm in irregular
pattern. Cells in the periphery of the nodules had light
eosinophilic cytoplasm and uniform central nuclei.

Metastatic nodules in the spleen had well demarcated
fibrous capsule and showed no invasion (Figure 2D).
The metastatic nodules were composed of branching
fibrovascular stroma lined by cuboidal epithelium.
The pulmonary nodules were also composed of tumor
cells clustered in small nests. In some of the pulmo-
nary nodules, bizarre nucleated giant cells were seen
(Figure 2E). In the left renal sections, intravascular
metastasis, glomerular atrophy, interstitial fibrosis,
and hemorrhage were noted (Figure 2F). In immu-
nohistochemical staining for PAX8, CD10 and RCC,
tumor cells showed positive immunoreactivities for
all the antibodies tested. Expression profiles of these
antibodies in different histologic subtypes were indi-
cated in Table 2. In the tubular subtype, RCC-PN15
immunoreactivity was intracytoplasmic and strongly
observed in neoplastic cells located in where stro-
ma is abundant. In other areas, neoplastic cells also
showed immunoreactivity against RCC-PNI15 an-
tibody, yet the immunoreactivity was weak (Figure
3A). In the solid subtype, no specific staining pattern
was observed for RCC-PN15. Some neoplastic cells
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Table 2. Immunohistochemical expression profiles of PAX-8, CD-10 and RCC in different histologic subtypes of the Canine RCC.

Histologic subtype PAX-8 CD-10 RCC
g yp (clone MRQ-50) (clone SP67) (clone PN15)
Solid -+ -+ +++
Papillary ++ ++ +
Tubular ++ + .
(- negative, + weak, ++ moderate, +++ strong)
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Figure 3. Microscopic view of the immunohistochemistry. (A) RCC-PN15; strong immunoreactivity in the tubular subtype of the pri-
mary tumor nodule in the right kidney, (B) RCC-PN15; strong immunoreactivity in the solid subtype of the primary tumor nodule, (C)
RCC-PN15; weak immunoreactivity in the papillary subtype of the primary tumor nodule, (D) PAX-8; strong immunoreactivity in the
primary tumor nodule, (E) CD-10; strong immunoreactivity in the primary tumor nodule.

in the solid subtype showed strong immunoreactivity
while others had weak to moderate immunoreactivity
(Figure 3B). In the papillary subtype, all neoplastic
cells revealed weak intracytoplasmic RCC-PN15 ex-
pression (Figure 3C). PAX8 immunoreactivity was
intracytoplasmic and showed moderate to strong
immunostaining in neoplastic cells in all subtypes
(Figure 3D). CD10 immunoreactivity was also in-
tracytoplasmic and weak to strong in subtypes of the
tumor (Figure 3E). Based on the histomorphological
patterns and the findings of immunohistochemical in-
vestigation, the case was diagnosed as Canine RCC.

DISCUSSION

A variety of cells in nephron can cause different tu-
mor types in renal tissue. Canine RCC is a renal tumor
arising from the nephron (Gil da Costa et al., 2011).
In Canine RCC, histologically papillary, tubular, sol-
id, and cystic subtypes and cytologically chromopho-
bic, eosinophilic, and clear cell types were described.
These histologic subtypes may be of uniform pattern,
but more than one histologic pattern can be found

in different areas of the same tumor (Edmondson et
al., 2015b; Meuten & Meuten, 2016). Similarly, in
the current case, solid, tubular, and papillary patterns
were observed in some areas of the primary tumor.
It was also noted papillary and tubular patterns in
spleen metastases, solid pattern in lung, liver, and the
left kidney metastases. In mix types of Canine RCC,
mostly two subtypes were described (Gil da Costa et
al., 2011; Peat et al., 2017). In one case three sub-
types, solid, tubular, and papillary, were also seen in
an 8-years old male terrier dog (Birdane et al., 2004).
Similarly, in the present case, three different subtypes
were noted. Although Canine RCC are subdivided
into histologic and cytologic subtypes, there is no
information about their biological behavior in dogs
(Woldemeskel, 2013).

Canine RCC is more common in middle-aged
dogs. The age range of affected dogs varies from 3 to
15 years, with an average age of 7.1 years (Lucke &
Kelly, 1976). Male dogs appear to be affected more
frequently than females, but there is no breed predi-
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lection (Woldemeskel, 2013). In our case, the dog was
an 8-year-old male, which was consistent with the
literature. Canine RCC frequently metastases, usu-
ally targeting lungs, opposite kidney, regional lymph
node, bones, liver, spleen, skin, and serosal surfaces
(Carvalho et al., 2011; Carvalho et al., 2017). In this
case, the sites of metastases were seen in liver, spleen,
lung, and the other kidney.

In the Human RCC, the most significant prognos-
tic factor is the histologic grading (Edmondson et al.,
2015). The 4-tiered Fuhrman Grading System for re-
nal cell carcinoma is the most widely used grading
method (Delahunt et al., 2019). The Fuhrman Grading
System is based on the assessment of the uniformity of
nuclear size, nuclear shape, and nucleolar prominence
(Fuhrman et al., 1982). However, its scarce interob-
server reproducibility, has pushed the International
Society of Urological Pathology (ISUP) to propose a
new grading system (ISUP grading). Fuhrman Grad-
ing System has been replaced by the new ISUP grad-
ing which has been implemented in the latest version
of the WHO “blue book” on urogenital tumors. ISUP
grading is 4-tiered, like The Fuhrman Grading System
(Delahunt et al., 2019). According to the Edmondson,
The Fuhrman Grading System had similar success in
predicting outcome for the dogs which corroborates
the notion that human and canine renal cell carcinoma
are similar (Edmondson et al., 2015). We used ISUP
grading to evaluate Canine RCC. In this case, there
were nuclear pleomorphism and giant cells in lung
metastasis, and sarcomatoid differentiation in liver
metastasis, similar with ISUP Grade-4 definition.

Although Canine RCC is the most common type
among primary renal tumors, there is no definitive

immunohistochemical marker (Peat et al., 2017). In
cases where the primary tumor mass is in the kid-
ney, the diagnosis of Canine RCCs is usually easy on
HE stained sections. However, it may be difficult to
distinguish kidney metastases originated from other
epithelial tissues, to confirm metastatic Canine RCC
in other organs, and to find the primary one in the
presence of more than one epithelial tumor (Meuten
& Meuten, 2016; Peat et al., 2017). In Canine RCC,
PAX8 was indicated to be more sensitive than CD10
and Napsin A in immunohistochemical diagnosis
(Peat et al., 2017). In addition to these markers, RCC
(Clone PN15) is also frequently used in Human RCC
(Inamura, 2017; Shen et al., 2012; Truong & Shen,
2011). In this case, diagnosis of Canine RCC was
also confirmed by PAX8 and CD10. In addition, RCC
(Clone PN15) was investigated in the current case,
and positive immune reactivity was seen in all histo-
logic patterns (papillary, tubular, and solid).

In this presentation, a case of Canine RCC was
described histopathologically and immunohistochem-
ically. In human, RCC antibody sensitivity and spec-
ificity were reported to be 72-79.7% and 79-98%,
respectively (Bakshi et al., 2007; McGregor et al.,
2001). Since in this preliminary study a single case
was evaluated for RCC antibody and there is no previ-
ous study present in dogs, the sensitivity and specific-
ity of RCC antibody in dogs further needs to be inves-
tigated. Additionally, RCC-PN15 mouse monoclonal
antibody is considered as a useful tool to confirm
diagnosis of Canine RCC when used in combination
with previously used markers.
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