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Case Report 
Recently proposed oncocytic variant of  
chromophobe renal cell carcinoma (RCC)  
expressing BSND and ATP6V1G3: two new  
immunohistochemical markers differentiating  
chromophobe RCC from other RCC subtypes
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Abstract: Eosinophilic/oncocytic renal cell neoplasms constitute a certain proportion of renal tumors. Low-grade 
eosinophilic renal cell carcinomas (RCCs) with nested growth, which do not meet the criteria of oncocytoma or eo-
sinophilic variant of chromophobe RCC, may be categorized as eosinophilic unclassified RCCs. Recent advances in 
immunohistochemical discrimination between various RCCs have made it possible to classify these tumors more 
accurately. BSND and ATP6V1G3 have been shown to be highly sensitive and specific immunohistochemical mark-
ers for chromophobe RCC and oncocytoma. We encountered a 67-year-old Japanese woman with a newly proposed 
oncocytic variant of chromophobe RCC, which originated from the upper part of her right kidney. It was morphologi-
cally different from oncocytoma and eosinophilic variant of chromophobe RCC; it seemed that cases like this one 
would be classified as eosinophilic unclassified RCCs with use of commonly available immunohistochemical mark-
ers. Immunohistochemistry using BSND and ATP6V1G3 proved helpful in making the diagnosis with confidence in 
this case. The diagnosis was also confirmed by the loss of chromosomes 10 and 17, which is typically observed in 
chromophobe RCC. Further exploration of new immunohistochemical markers is needed for more accurately clas-
sifying RCCs than ever before. 
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Introduction

Recent advances in immunohistochemical dis-
crimination between various renal cell carcino-
mas (RCCs) have made it possible to classify 
them with greater accuracy [1]. However, new 
immunohistochemical markers that are more 
sensitive and specific to a certain tumor type 
are being actively explored. Such markers are 
especially important when diagnosing cases 
that are difficult to differentiate based on their 
morphology. Despite recent advancements in 
marker discovery, unclassified RCCs represent 
1-5% of all RCCs [2].

Eosinophilic/oncocytic renal cell neoplasms 
constitute a certain proportion of all renal 
tumors [3]. Low-grade eosinophilic RCCs with 

nested growth, which do not meet the criteria of 
oncocytoma or eosinophilic variant of chromo-
phobe RCC, may be categorized as unclassified 
RCC. Oncocytomas or eosinophilic variants of 
chromophobe RCC may be diagnosed with con-
fidence using immunohistochemical markers 
such as CK7, MOC31, CD82, and c-kit, in addi-
tion to their morphology [4]. However, more  
sensitive and specific markers for them are 
required, as some cases categorized as eosino-
philic unclassified RCC may in fact represent 
oncocytomas or eosinophilic variants of chro-
mophobe RCC that are particularly difficult to 
diagnose. 

More recently, BSND and ATP6V1G3 have been 
shown to be highly sensitive and specific immu-
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nohistochemical markers for chromophobe 
RCC and oncocytoma [5]. These proteins are 
involved in the regulation of membrane trans-
port and are expressed in the distal nephron, 
including in the collecting duct, of the normal 
kidney [5].

We encountered a case of newly proposed 
oncocytic variant of chromophobe RCC [6, 7]. In 
order to confirm this diagnosis and to deter-
mine whether this tumor is truly a variant of 

chromophobe RCC, immunohistochemistry of 
BSND and ATP6V1G3 was performed.

Clinical summary

A 67-year-old Japanese woman was referred to 
our hospital due to a mass in her right kidney, 
which was found by abdominal ultrasonography 
during check-up. She had no other complaints 
and laboratory tests revealed no abnormality. 
Computed tomography (CT) was performed and 
a mass measuring 82×68×62 mm with a cystic 
part was found in the upper part of the right 
kidney. The mass was moderately enhanced in 
appearance with contrast-enhanced CT (Figure 
1A, 1B). No lymph node swelling and meta- 
stasis were identified. RCC was suspected  
and tumor stage was clinically evaluated as 
pT2aN0M0. Subsequently, laparoscopic right 
nephrectomy and lymph node dissection were 
performed. The patient has been recurrence-
free for 3 months. Of note, she had no familial 
history of Birt-Hogg-Dube syndrome, and no 
previous history of neuroblastoma and hemo- 
dialysis. 

Pathological findings

The surgically resected specimen revealed a 
brownish tumor, measuring 84×66×62 mm, in 
the upper part of the right kidney. It was well 
circumscribed but not encapsulated. A cystic 
part was present and this was considered to 
indicate cystic degeneration of the tumor 
(Figure 2). Central scar and necrosis were not 
apparent.

Figure 1. Computed tomography findings. A. Axial; B. Coronal. A mass was found in the upper part of the right kid-
ney. The mass was moderately enhanced with contrast material administration. Cystic part was observed within the 
mass.

Figure 2. Macroscopic findings. The surgically resect-
ed specimen revealed a brownish tumor in the upper 
part of the right kidney. It was well circumscribed but 
not encapsulated. Cystic degeneration was present 
within the tumor.
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Histologically, tumor cells mainly grew in a nest-
ed pattern, forming lumina. In some areas, crib-
riform-like structures were observed (Figure 
3A). The tumor cells had eosinophilic granular 
cytoplasm with mildly to moderately enlarged, 
round nuclei. Perinuclear halo was not identi-

fied and cytoplasmic borders were indistinct 
(Figure 3B). Tumor stroma was not hyalinized or 
myxoid. The tumor was not encapsulated and 
showed pushing margin toward the surrounding 
renal parenchyma. Invasion into the perirenal 
fat tissue and renal hilar tissue was not detect-

Figure 3. Microscopic findings. A. Tumor cells mainly grew in a nested pattern, forming lumina. In some areas, crib-
riform-like structures were observed (×100). B. The tumor cells were found to have eosinophilic granular cytoplasm, 
with mildly to moderately enlarged, round nuclei. Perinuclear halo was not identified and cytoplasmic borders were 
indistinct (×400). C. Colloidal iron was focally stained at cytoplasm and/or luminal border of the tumor cells (×400).
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ed. Lymphatic invasion and vascular invasion 
were not observed. Surgical margins were free 
of the tumor. No lymph node metastasis was 
detected. 

Histochemically, colloidal iron was stained in 
the cytoplasm and/or luminal border of the 
tumor cells; this staining was focally observed 
(Figure 3C).

Immunohistochemically, the tumor cells were 
diffusely positive for CK7 (OV-TL 12/30, 1:80; 
Dako, Glostrup, Denmark) (Figure 4A), MOC31 
(MOC31, 1:100; Dako) (Figure 4B), CD82 (G-2, 
1:200; Santa Cruz Biotechnology, Santa Cruz, 
CA) (Figure 4C), BSND (polyclonal, 1:1000; 
Sigma-Aldrich, St. Louis, MO) (Figure 4D), 
ATP6V1G3 (polyclonal, 1:2000; Sigma-Aldrich) 
(Figure 4E), and mitochondrial antigen (MTC02, 

Figure 4. Immunohistochemical findings. A. Diffuse Immunopositivity for CK7 (×400). B. Diffuse Immunopositivity 
for MOC31 (×400). C. Diffuse Immunopositivity for CD82 (×400). D. Diffuse Immunopositivity for BSND (×400). E. 
Diffuse Immunopositivity for ATP6V1G3 (×400). F. Diffuse immunopositivity for mitochondrial antigen (×400).
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1:100; Epitomics, Burlingame, CA) (Figure 4F). 
They were focally positive for c-kit (polyclonal, 
1:400; Dako). However, they were negative for 
carboanhydrase IX (D47G3, 1:200; Cell Sig- 
naling Technology, Beverly, MA), RCC marker 
(PN-15, prediluted; Cell Marque, Rocklin, CA), 
CD10 (56C6, prediluted; Novocastra Labora-
tories, Newcastle Upon Tyne, UK), Melan A 
(A103, 1:100; Novocastra), αSMA (1A4, 1:200; 
DAKO), and TFE3 (polyclonal, 1:3600; Santa 
Cruz Biotechnology). Ki-67 (MIB-1, 1:100; 
Dako) labeling index was 4.6%, counting 1000 
nuclei.

Fluorescence in situ hybridization (FISH) was 
performed using centromere probes for chro-
mosomes 10 (D10Z1; Vysis, Downers Grove, IL) 
and 17 (D17Z1; Vysis), which were applied  
to formalin-fixed, paraffin-embedded sections. 
Monosomy of chromosomes 10 and 17 was 
observed (Figure 5A, 5B). 

The diagnosis of oncocytic variant of chromo-
phobe RCC is considered more appropriate 
than low-grade eosinophilic unclassified RCC. 
The tumor was pathologically evaluated as 
T2aN0 stage.

Discussion

The recently identified immunohistochemical 
markers BSND and ATP6V1G3 are highly sensi-

tive and specific for chromophobe RCC and 
oncocytoma [5]. These are two of three candi-
date markers encoded by genes expressed 
specifically in chromophobe RCC, that were 
selected from The Cancer Genome Atlas (TCGA) 
database based on their chromophobe RCC-
specific expression [5]. We were particularly 
interested in these markers as they have the 
potential to enable decisive classification of 
some cases that had been previously catego-
rized as eosinophilic unclassified RCC.

There are potentially some tumor types show-
ing eosinophilic/oncocytic morphology, but 
oncocytoma, eosinophilic variant of chromo-
phobe RCC, and hybrid oncocytic/chromo-
phobe tumor are the most commonly encoun-
tered such tumor types and included in diff- 
erential diagnoses. Hybrid oncocytic/chromo-
phobe tumors are typically encountered in Birt-
Hogg-Dube syndrome; however, sporadic ca- 
ses are also present [8]. Although BSND and 
ATP6V1G3 expression has not been investigat-
ed in hybrid oncocytic/chromophobe tumors, 
their expression in the tumor investigated in 
this study enabled differential diagnosis for the 
tumor to be confined to one of these three 
tumor types, in addition to diagnosis based on 
morphology. Based on the expression of these 
markers, the present case was not appropriate 
to be categorized as unclassified RCC.

Figure 5. Fluorescence in situ hybridization findings. A. Monosomy of chromosome 10 (×1000). B. Monosomy of 
chromosome 17 (×1000).
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When considering differential diagnoses for the 
aforementioned three tumors, it must be noted 
that eosinophilic variants of chromophobe RCC 
and hybrid oncocytic/chromophobe tumor are 
morphologically different from the present 
case. The former have wrinkled nuclei and peri-
nuclear halo in tumor cells [9]; while the latter 
exhibit coexistence of oncocytoma-like tumor 
cells and chromophobe RCC-like tumor cells, 
and/or tumor cells with round nuclei and peri-
nuclear halos [10]. These findings were not 
observed in our case. The immunophenotype 
of the tumor in this case is as follows: CK7-, 
MOC31+, CD82+, and c-kit focal +. This immu-
nophenotype is typically observed in chromo-
phobe RCC, but not in oncocytoma [4]. Th- 
erefore, the possibility of the tumor being an 
oncocytoma was ruled out. Observation of dif-
fuse expression of BSND and ATP6V1G3 and 
the aforementioned immunophenotype strong-
ly suggested that the tumor was within the 
spectrum of chromophobe RCC; however, the 
morphology of the tumor cells was found to be 
oncocyte-like, in that the tumor cells had eosin-
ophilic granular cytoplasm with round nuclei. 

Oncocytic variant of chromophobe RCC is a 
recently proposed tumor type [6, 7]. The first 
such case was reported in 2010 [6], and, in 
2013, a more comprehensive study composed 
of five such cases, including the case reported 
in 2010, was documented [7]. Five characteris-
tic findings were pointed out as follows: (i) tubu-
lar and/or solid growth pattern, (ii) oncocytic 
cytoplasm with round nuclei and the absence 
of perinuclear halo, (iii) diffuse immunopositivi-
ty for CK7 and mitochondrial antigen, and (iv) 
chromosomal abnormalities observed in chro-
mophobe RCC [7]. The morphology of the tumor 
in the present case, as well as its immunophe-
notype, indicated the possibility of the tumor 
being an oncocytic variant of chromophobe 
RCC. 

Chromosomal analysis was used to confirm this 
diagnosis. It has been shown by SNP array anal-
ysis that a loss of one copy of the entire chro-
mosome, for most or all of chromosomes 1, 2, 
6, 10, 13, and 17, was detected in the majority 
of cases of chromophobe RCC, including eosin-
ophilic variants [11]. The genomic profile of 
oncocytoma and hybrid oncocytic/chromoph- 
obe tumor was balanced or showed a limited 
number of random imbalances, and chromo-

some losses such as those characteristic of 
chromophobe RCC were not observed [12]. 
Thus, monosomy of chromosome 10 and 17 
observed in our case supported the diagnosis 
of oncocytic variant of chromophobe RCC.

Recently, the discovery of an oncocytic variant 
of papillary RCC has been reported. This tumor 
type should be considered when making differ-
ential diagnoses, as a solid variant has also 
been documented [13, 14]. The oncocytic vari-
ant of papillary RCC is reported to mimic onco-
cytoma [13]. In addition, CK7 is expressed in 
this tumor type [13, 14]. These findings are 
similar to those observed in the present case. 
Had a focal papillary growth pattern or the prev-
alence of foamy macrophages in the stroma of 
the tumor investigated in this study been 
observed, the tumor may have potentially been 
considered a variant of oncocytic papillary RCC 
[13, 15]. However, these features were not 
observed. Additionally, chromosomal analysis 
of some oncocytic variants of papillary RCCs 
has revealed gain of chromosomes 7 and 17, 
as is observed in the standard papillary RCCs 
[14]. In our case, loss of chromosome 17 was 
demonstrated and therefore, the possibility of 
the tumor being a solid variant of oncocytic 
papillary RCC was ruled out. Furthermore, dif-
fuse expression of BSND and ATP6V1G3, which 
was observed in our case, was helpful for 
excluding this possibility, as these markers do 
not exhibit staining in papillary RCC [5]. 

Prognosis of chromophobe RCC does not sig-
nificantly change for the eosinophilic variant; 
however, once sarcomatoid changes occur, the 
prognosis worsens [9]. Reliable prognostic data 
is not available for the oncocytic variant of chro-
mophobe RCC. Considering that mitochondria 
are thought to accumulate only in tumor cells 
that are not actively dividing, the observation of 
mitochondrial hyperplasia in oncocytic tumors 
may suggest a low malignant potential [16, 17]. 

In conclusion, our report presents a newly  
proposed oncocytic variant of chromophobe 
RCC. Recently established immunohistochemi-
cal markers of chromophobe RCC, BSND and 
ATP6V1G3, were helpful for the differential 
diagnosis of this tumor type, and diagnosis was 
also confirmed by chromosomal analysis. Fur- 
ther studies are required to gain an under-
standing of the prognosis associated with 
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oncocytic variant of chromophobe RCC. In order 
to investigate this tumor type, it must be recog-
nized and diagnosed correctly. The immunohis-
tochemical markers BSND and ATP6V1G3 are 
highly useful to avoid facilely categorizing this 
tumor type as eosinophilic unclassified RCC.
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