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Case Report

Spontaneous nephroblastoma with oncocytic differentiation in a 
Japanese White rabbit
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Abstract: Spontaneous nephroblastoma is an uncommon tumor in laboratory rabbits. We recently encountered this tumor, and we 
describe its histological characteristics in this report. A male 3-year-old Japanese White rabbit (JW/kbs), maintained as a stock animal, 
suddenly showed poor condition and was found dead a few days later. At necropsy, a large mass was found that extended from one side 
of the renal pelvis. The cut surface of the mass was dark red in color and velvety to the touch. The kidney on the contralateral side was 
normal. Microscopically, the tumor mass consisted of biphasic components, which consisted of epithelial (tubular and glomerular) and 
blastemal (nodular) elements. No sarcomatous proliferation was observed. In addition, some of the tubules were lined by cells with a 
large amount of eosinophilic cytoplasm. The cells were confirmed as oncocytes by immunohistochemical and electron microscopic 
examinations. The present case was therefore diagnosed as a nephroblastoma with oncocytic differentiation. (DOI: 10.1293/tox.2016-
0067; J Toxicol Pathol 2017; 30: 169–175)
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A nephroblastoma is a true embryonal tumor that 
arises in primitive nephrogenic blastemas1. This tumor is 
commonly observed in pigs and chickens, far less often in 
calves and dogs, and uncommonly in sheep, horses, and 
cats1. In laboratory rats, it is induced with genotoxic chemi-
cals2; however, historical data regarding natural occurrence 
of the tumor in rats have been reported3–5. It is extremely 
rare in mice2 and is also rarely observed in laboratory rab-
bits6. Embryonal nephroma, a synonym of nephroblastoma, 
is commonly found in domestic rabbits and is usually an 
incidental finding at necropsy7. We recently encountered a 
rabbit bearing a nephroblastoma with oncocytic differentia-
tion; the rabbit had been used in some ophthalmic pharma-
ceutical studies of eye drops. In this report, we describe the 
macroscopic and microscopic characteristics of the lesion 
and compare them with those of tumors in other species.

A male 3-year-old Japanese White rabbit (JW/kbs, 
Kitayama Labes Co., Ltd., Nagano, Japan), maintained for 
some months as a stock animal after being used in a previ-
ous experiment, suddenly showed symptoms of depression 

and anorexia. The next day, the animal had a high fever, and 
it was found dead in the morning three days later. The treat-
ment and handling of animals were approved by the Animal 
Care and Use Committee of the Nara Research and Devel-
opment Center, Santen Pharmaceutical Co., Ltd.

At necropsy, a large spherical mass, 5 cm in diam-
eter, was found that extended from the pelvis at the right 
kidney (Fig. 1). Adipose tissue was observed between the 
renal hilus and the mass. The capsule continued to the 
compressed renal tissue. The cut surface of the mass was 
dark red in color and velvety to the touch (Fig. 1). The left 
kidney was normal. As for other organs, an ulcer, 1 cm in 
diameter, was found at the pyloric antrum of the stomach. 
Blackish contents were seen in the stomach and throughout 
the entire length of the intestine. No other remarkable find-
ings were detected in the body. Organs/tissues, including 
the right kidney with the mass, were fixed in 10% neutral 
buffered formalin, embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin (HE). Additionally, 
periodic acid-Schiff (PAS) reaction and periodic acid-me-
thenamine-silver (PAM) staining methods were performed 
on the right kidney. For immunohistochemistry, using a la-
beled polymer method (Histofine Simple Stain MAX-PO 
(M), Nichirei Biochemical, Tokyo, Japan), was used to stain 
selected sections with mouse monoclonal antibodies as fol-
lows: anti-cytokeratin (AE1/AE3, 1:100, Dako Japan, Tokyo, 
Japan), anti-vimentin (1:100, Merck Millipore Corporation, 
Darmstadt, Germany), anti-desmin (1:100, Dako Japan), 
anti-α-smooth muscle actin (αSMA) (1:500, Dako Japan), 
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and anti-prohibitin (1:500, abcam, Tokyo, Japan); staining 
was visualized with diaminobenzidine tetrahydrochloride 
as the chromogen. The sections were counterstained with 
hematoxylin. For electron microscopy, several pieces of the 
formalin-fixed mass were refixed in 2% phosphate-buffered 
glutaraldehyde, postfixed in 1% osmium tetroxide, and em-
bedded in epoxy resin. Ultrathin sections were stained with 
2% uranyl acetate and 1% lead nitrate. The sections were 
then examined with a transmission electron microscope (H-
7600, Hitachi Ltd., Tokyo, Japan).

Microscopically, the tumor was encapsulated by thick 
connective tissue (Figs. 2A and 2B); the renal tissue, howev-
er, was markedly compressed and atrophied with increased 
fibrous components (Fig. 2B). The tumor was composed of 

tubular structures lined by cuboidal to columnar epithelial 
cells with hyperchromatic nuclei (Fig. 3A), some of which 
showed rosette-like patterns (Fig. 3B), primitive glomeruli 
(Fig. 3C), and ribbon-like arrangements. Also, a whirl or 
nodular pattern that consisted of basophilic blastemal cells 
(Fig. 3D), the nuclei of which were round to ovoid in shape 
and the nucleus to cytoplasm ratios of which were very 
high, was observed with or without tubules in the periph-
ery. These epithelial components were separated from each 
other by collagenous connective tissue. This tissue appeared 
to be a basement membrane when examined in specimens 
stained with PAS (Figs. 4A–C) and PAM (Fig. 4D). The cen-
ter of the tumor was necrotic because of insufficient blood 
supply. The results regarding immunohistochemical reac-

Fig. 1. Macroscopic appearance of the tumor mass. The capsule continues to the compressed 
renal tissue, and adipose tissue at the hilus is included between the kidney and the mass. 
The cut surface of the mass is dark red in color and feels velvety when touched.

Fig. 2. Low magnification of the tumor mass with nonneoplastic renal tissue (A). Higher power view at the border (B). The tumor 
is bounded clearly from the renal tissue. HE stain. Bars = 5 mm (A) and 250 μm (B).



Katsuta, Kuriki-Yamamoto, Shibata et al. 171

tivity in the tumor components are summarized in Table 1. 
Some of the tubule-composed epithelial cells were positive 
for cytokeratin (Fig. 5A), and the surrounding epithelial 
cells of the primitive glomerulus reacted strongly positive 
for vimentin (Fig. 5B). The basophilic blastemal cells were 
slightly positive for vimentin (Fig. 5C), and the tumor com-
ponents did not react to αSMA (Fig. 5D) or desmin at all. In 
accordance with these findings, the tumor was diagnosed 
as a nephroblastoma. No metastasis or invasion was noted. 
Also, mitotic figures of the tumor cells were detected as a 
rare phenomenon.

It was further noted that a few tubules lined by eosino-

philic epithelial cells with abundant fine granules in the cy-
toplasm and small round nuclei were widely scattered in the 
tumor mass (Fig. 6A). These findings were shown clearly in 
PAM-stained specimens (Fig. 6B). The cytoplasm reacted 
negative for PAS stain, was strongly positive for both cyto-
keratin (Fig. 6C) and prohibitin (Fig. 6D), and was negative 
for both vimentin and desmin in immunostaining. In the 
ultrastructural examination, numerous mitochondria were 
observed in the cytoplasm of the eosinophilic cells (Figs. 
7A and 7B). These findings indicated that the cells were dif-
ferentiated oncocytes. There were no findings in the kidney 
of the contralateral side.

Fig. 3. Note the characteristic growth patterns of the tumor: tubular (A), rosette-like (arrows in 
B), primitive glomeruli (arrows in C), and nodular (D). HE stain. Bars = 100 μm.

Table 1. Immunohistochemical Reactivities of the Tumor Components

Primitive  
antibodies

Cellular type

Tubular Primitive  
glomerular Blastemal Oncocytic

Cytokeratin +* or ++ – – ++
Vimentin – or +/– ++ +/– –
Desmin – – – –
αSMA – – – –
Prohibitin +/– +/– – or +/– ++

*Reactivity: –, negative; +/–, slightly positive; +, positive; ++, strongly positive.
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Fig. 5.

Fig. 4.
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Fig. 6. Note the oncocytic differentiations. Eosinophilic epithelial cells can be seen in some tubules (A, HE stain; B, PAM stain). 
Immunohistochemical staining for cytokeratin (C) and prohibitin (D) shows strong reactions in some tubules. Bars = 100 μm.

Fig. 7. Transmission electron microscopic images of the oncocytic cells (A and B). B shows a higher power view of 
a portion of A. A lot of mitochondria can be seen in their cytoplasm. Bars = 2 μm (A) and 500 nm (B).

Fig. 4. Staining with PAS (A–C) and PAM (D). Wide and/or scanty connective tissues surround the epithelial components of the tumor. Bars = 
100 μm.

Fig. 5. Immunohistostaining for the tumor components. Cytokeratin shows a positive reaction in some tubular epithelium (A). Vimentin is 
strongly positive in primitive glomeruli and the connective tissues (B and C) but slightly positive in the blastemal cells (C). αSMA shows 
a positive reaction in the vascular walls and connective tissue in the interstitium (D). Bars = 100 μm.
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Severe ulceration with hemorrhage was seen in the 
submucosal layer in the stomach, and centrilobular atrophy 
of hepatocytes with nuclear anisokaryosis was seen in the 
liver. It was considered that these findings indicated poor 
systemic conditions of this animal. The mass of the nephro-
blastoma also might have affected the rabbit’s condition be-
cause of its huge size. The other organs and tissues were 
normal.

Hard and Fox have light6 and electron8 microscopically 
demonstrated in rabbits transplacentally exposed to N-eth-
ylnitrosourea (ENU) that nephroblastomas in rabbits con-
tain epithelial structures (tubular and glomerular), and blas-
temal nodular patterns with no sarcomatous mesenchymal 
proliferation and that the rabbit nephroblastoma resembles 
the Wilm’s tumor in humans. Also, the triphasic compo-
nents including sarcomatous proliferation were emphasized 
in spontaneously occurring nephroblastomas in an Angora 
rabbit9. In the present case, we detected the biphasic com-
ponents with no proliferation of the sarcomatous element. 
Concerning the biological behavior of nephroblastomas, 
nephroblastomas are potentially malignant and are reported 
with metastatic events in rats3, 10. However, nephroblasto-
mas in rabbits are thought to be basically benign6, because 
of low metastatic potential and few mitoses even in ENU-
induced tumors7. Renal cell carcinoma must be considered 
as a differential diagnosis for nephroblastoma. As for renal 
cell carcinomas in rabbits11, 12, the absence of undifferenti-
ated blastemas and primitive glomerular formation in the 
tumor enables distinction from nephroblastoma.

The present case showed oncocytic differentiation 
along the neoplastic tubules in the tumor mass. Renal onco-
cytic hyperplasia/oncocytoma originates from the collect-
ing tubular epithelium in rats13, 14 and renal oncocytomas15, 16 
and oncocyte-like renal cell carcinoma17 have been reported 
in dogs. The diagnostic characteristic of the tumor is the 
presence of numerous intracytoplasmic mitochondria. Im-
munohistochemically, the tumor cells react positively for 
cytokeratin and negatively for vimentin. Furthermore, in the 
present case the cells reacted strongly positive for prohibi-
tin. Immunostaining with prohibitin, immunized against 
the inner membrane of mitochondria, is a useful technique 
for identifying the organelle18. The oncocytic appearance in 
the present tumor indicates the possibility that the epithelial 
elements of a nephroblastoma differentiate into varied cell 
types.

Although the present case had been used in some oph-
thalmic pharmaceutical studies of eye drops, we have no 
evidence suggesting that the test substances involved induce 
neoplasms in any organs/tissues, even in combined admin-
istrations by instillation (in-house data). Thus, the present 
case of nephroblastoma is considered to be spontaneous.

We detected a spontaneous nephroblastoma with onco-
cytic differentiation in a laboratory rabbit. The combination 
of nephroblastoma with oncocytic differentiation has not 
been reported in any animal species so far as we know.

Acknowledgment: We thank Takashi Yamanouchi for his 
excellent technical assistance in electron microscopy.

Disclosure of Potential Conflicts of Interest: The authors 
declare that there are no conflicts of interest.

References

 1. Cianciolo RE, and Mhor FC. Urinary System. Renal Neo-
plasia. Nephroblastoma. In: Jubb, Kennedy, and Palmer’s 
Pathology of Domestic Animals, Vol. 2, 6th ed. MG Maxie 
(ed). Elsevier, Missouri. 446–447. 2016.

 2. Frazier KS, Seely JC, Hard GC, Betton G, Burnett R, Na-
katsuji S, Nishikawa A, Durchfeld-Meyer B, and Bube A. 
Proliferative and nonproliferative lesions of the rat and 
mouse urinary system. Toxicol Pathol. 40(4 Suppl): 14S–
86S. 2012.   

 3. Chandra M, Riley MGI, and Johnson DE. Spontaneous re-
nal neoplasms in rats. J Appl Toxicol. 13: 109–116. 1993.   

 4. Nakazawa M, Tawaratani T, Uchimoto H, Kawaminami A, 
Ueda M, Ueda A, Shinoda Y, Iwakura K, Kura K, and Sumi 
N. Spontaneous neoplastic lesions in aged Sprague-Dawley 
rats. Exp Anim. 50: 99–103. 2001.   

 5. Ikezaki S, Takagi M, and Tamura K. Natural occurrence of 
neoplastic lesions in young sprague-dawley rats. J Toxicol 
Pathol. 24: 37–40. 2011.   

 6. Hard GC, and Fox RR. Histologic characterization of re-
nal tumors (nephroblastomas) induced transplacentally in 
IIIVO/J and WH/J rabbits by N-ethylnitrosourea. Am J 
Pathol. 113: 8–18. 1983. 

 7. Lipman NS, Murphy JC, and Newcomer CE. Polycythemia 
in a New Zealand White rabbit with an embryonal nephro-
ma. J Am Vet Med Assoc. 187: 1255–1256. 1985. 

 8. Hard GC, and Fox RR. Electron-microscopic analysis of 
nephroblastomas induced transplacentally in the IIIVO/J 
rabbit by a single dose of N-ethylnitrosourea. Am J Pathol. 
117: 239–251. 1984. 

 9. Atasever A, Beyaz L, and Deniz K. A case of triphasic 
nephroblastoma with lung metastases in an Angora rabbit. 
Revue Méd Vét. 158: 303–308. 2007.

 10. Ito Y, Matsushita K, Tsuchiya T, Kohara Y, Yoshikawa T, 
Sato M, Kitaura K, and Matsumoto S. Spontaneous nephro-
blastoma with lung metastasis in a rat. J Toxicol Pathol. 27: 
91–95. 2014.   

 11. Carlton WW, and Dietz JM. Two renal tumors in cottontail 
rabbits (Sylvilagus floridanus). Vet Pathol. 14: 29–35. 1977.   

 12. Durfee WJ, Masters WG, Montgomery CA, Faith RE, 
McArthur MJ, and Geske R. Spontaneous renal cell car-
cinoma in a New Zealand White rabbit. Contemp Top Lab 
Anim Sci. 38: 89–91. 1999. 

 13. Nogueira E, and Bannasch P. Cellular origin of rat renal 
oncocytoma. Lab Invest. 59: 337–343. 1988. 

 14. Nogueira E, Klimek F, Weber E, and Bannasch P. Collect-
ing duct origin of rat renal clear cell tumors. Virchows Arch 
B Cell Pathol Incl Mol Pathol. 57: 275–283. 1989.   

 15. Buergelt CD, and Adjiri-Awere A. Bilateral renal oncocy-
toma in a Greyhound dog. Vet Pathol. 37: 188–192. 2000.   

 16. Dempster AG, Delahunt B, Malthus AW, and Wakefield JSJ. 



Katsuta, Kuriki-Yamamoto, Shibata et al. 175

The histology and growth kinetics of canine renal oncocy-
toma. J Comp Pathol. 123: 294–298. 2000.   

 17. Vilafranca M, Fondevila D, Marlasca MJ, and Ferrer L. 
Chromophilic-eosinophilic (oncocyte-like) renal cell carci-
noma in a dog with nodular dermatofibrosis. Vet Pathol. 31: 
713–716. 1994.   

 18. Toyosawa K, Koujitani T, Matsumoto I, Mikami S, Kou-
chi M, Michimae Y, Inoue T, and Seki T. Application of 
prohibitin immunohistochemistry to rat livers treated with 
methapyrilene hydrochloride. J Toxicol Pathol. 21: 119–122. 
2008.  


