
Summary. Renal oncocytomas and chromophobe renal
cell carcinomas (RCCs) share a common phenotype and
both originate from the intercalated cells of the
collecting duct. This makes it very difficult to
differentiate between the two tumors
immunohistochemically. Therefore, we studied the
results of immunohistochemistry focusing on certain
characteristic structures that are occasionally present in
renal oncocytomas. We carried out Hale’s colloidal iron
staining and immunohistochemistry for various
cytokeratins (cytokeratins 7, 8, 10, 10/13, 14, 18, 19 and
20, and AE1/AE3) in four oncocytomas and six
chromophobe RCCs. In addition, one renal oncocytoma
and one chromophobe RCC were studied using electron
microscopy. Two renal oncocytomas and one
chromophobe RCC were completely unstained by
colloidal iron. There was no evident difference between
the immunohistochemical characteristics of
oncocytomas and those of chromophobe RCCs.
However, in all four renal oncocytomas we identified
intracytoplasmic ring-like positive reactions for some
cytokeratins (at least 3 antigens of cytokeratins 7, 8 and
19, and AE1/AE3), which corresponded ultrastructurally
to the intracytoplasmic lumens (ICLs). In contrast, no
such structures were found in any of the chromophobe
RCCs using the antibodies employed. Therefore,
immunohistochemical identification of ICLs by
cytokeratin typing may be useful for differentiating
between renal oncocytomas and chromophobe RCCs and
be more sensitive in this respect than colloidal iron
staining.
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Introduction

Recently, the classification of renal tumors was
revised on the basis of various chromosomal
abnormalities (Kovacs et al., 1997; Störkel et al., 1997).
Together, renal oncocytomas and chromophobe renal
cell carcinomas (RCCs) account for only about 5% of all
renal tumors. However, it is well known that these
tumors share a common origin or have a common
phenotype (Störkel et al, 1988, 1989, Kuroda et al.,
1998, 2000, 2001; Taki et al., 1999), and this makes it
very difficult to differentiate between them
immunohistochemically (Kuroda et al., 1998, 2000,
2001; Taki et al., 1999). Recently, intracytoplasmic
lumens (ICLs) have been detected in renal oncocytomas
(Lyzak et al., 1994). In the present study, we tried to
identify these structures in renal oncocytomas
immunohistochemically and examined ten tumors,
including four renal oncocytomas and six chromophobe
RCCs, to confirm whether the presence of these features
would be helpful for differentiating between the two
tumors.
Materials and methods

Archival tissues

Hematoxylin-eosin-stained preparations from all
renal tumors resected at Kochi University Hospital and
affiliated hospitals between 1983 and 2002 were
histologically divided according to recent classifications
(Kovacs et al., 1997; Störkel et al., 1997). Among them,
four oncocytomas and six chromophobe RCCs were
selected for this study. The sex ratio (male:female) of the
patients with these tumors was 1:3 for renal oncocytoma
and 3:3 for chromophobe RCC. The mean age and age
range of the patients were 58.2 years and 42-59 years for
renal oncocytoma, and 59.2 years and 48-69 years for
chromophobe RCC, respectively. The mean tumor size
and size range were 4.7 cm and 2.8-9 cm, for renal
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oncocytoma 3.7 cm and 2-6 cm for chromophobe RCC,
respectively. Renal oncocytosis, a so-called hybrid tumor
of renal oncocytoma and chromophobe RCC, was
excluded from the present study (Tickoo et al., 1999).
Special staining

Hale’s colloidal iron staining was performed on all
ten renal tumors to confirm the presence of
mucopolysaccharide in the cytoplasm (Thoenes et al,
1985, 1988).
Immunohistochemistry

Immunohistochemical staining of all renal tumors
was performed on 3-µm-thick formalin-fixed and
paraffin-embedded tissues using a Histofine SAB-PO
(multi) kit (Nichirei, Tokyo, Japan). Cytokeratin
antibodies used in the present study are shown in Table
1. The tissues were deparaffinized in xylene (5 min, four
times) and dehydrated in a graded ethanol series. After
washing in PBS and treatment with pronase E at 37 ºC
for 20 min, the sections were incubated with 0.3%
hydrogen peroxide/methanol for 15 min, washed again
in water for 5 min, and finally treated with monoclonal
anti-cytokeratin antibodies at 4 ºC overnight. Each
incubation was followed by a rinse in PBS for 5 min,
three times. Subsequently, the sections were incubated
with anti-mouse IgG and anti-rabbit IgG conjugated with
biotin, and streptavidin-peroxidase each for 30 min at
room temperature. After washing with Tris buffer for 5
min, DAB (Sigma Chemical, St Louis, MO) was
employed to confirm the presence of immunocomplexes.
Samples of normal renal tissue adjacent to the main
tumor were prepared as normal controls for
immunohistochemical study.
Electron microscopy

Specimens extracted from one oncocytoma (Case
no. 4) and one chromophobe RCC (Case no. 3) were
fixed with 2.5% glutaraldehyde and post-fixed with 1%
osmium tetroxide. After processing and embedding in
epoxy resin, ultrathin sections stained with uranyl

acetate were examined using an electron microscope
(JEM 100S; JEOL Ltd, Tokyo, Japan).
Results

Macroscopic and histological examinations

Macroscopically, the cut surfaces of oncocytomas
and chromophobe RCCs were brown and beige in color,
respectively. In all renal oncocytomas, round-to-
polygonal cells with abundant finely granular cytoplasm
proliferated with compact nesting, and microtubular or
microcystic trabecular patterns. A loose edematous and
hyalinized stroma was also identified. The nucleus was
homogeneous, round and centrally located. Binucleation
was focally present. One oncocytoma showed invasion
into the perinephric fat tissue. No abnormal mitotic
figures were seen (Perez-Ordonez et al., 1997; Kuroda et
al., 2003a,b). On the other hand, four out of six
chromophobe RCCs showed the features of the typical
variant. These included proliferation of various-sized
voluminous tumor cells arranged into large sheets
separated by fibrovascular septa, or a tubuloalveolar or
cystic pattern. The tumor cells showed an abundant and
fine reticular translucent cytoplasm, and the cell border
was thick and eosinophilic. The remaining two
chromophobe RCCs showed the features of the
eosinophilic variant. That is, the tumor cells were
smaller and more eosinophilic than those of the typical
variant, with finely granular cytoplasm, and frequent
perinuclear halos (Kuroda et al., 2003a,b). 
Hale’s colloidal iron staining

Two oncocytomas (Case nos. 2 and 4) showed no
staining with colloidal iron, and the remaining two (Case
nos. 1 and 3) were focally and weakly positive in the
apical lumina (Fig. 1A). In contrast, tumor cells of the
four typical-variant chromophobe RCCs (Case nos. 1-4)
were strongly and diffusely stained with colloidal iron
(Fig. 1B). Tumor cells of one of the eosinophilic variants
of chromophobe RCC (Case no. 6) were strongly but
focally stained in the cytoplasm, whereas those in the
other (Case no. 5) were completely negative for this
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Table 1. Cytokeratin antibodies used in the present study.

ANTIGEN CLONE DILUTION SOURCE TREATMENT

Cytokeratin 7 OV-TL 12/30 1:50 DAKO, Glostrup, Denmark pronase
Cytokeratin 8 35bH12 1:50 DAKO, CA, USA pronase
Cytokeratin 10 LHP1 1:50 Novocastra Laboratories Ltd., Newcastle upon Tyne NE2 4AA, UK pronase
Cytokeratin 10/13 DE-K13 1:50 DAKO, Glostrup, Denmark microwave
Cytokeratin 14 LL002 1:20 Novocastra Laboratories Ltd., Newcastle upon Tyne NE12 8EW, UK microwave
Cytokeratin 18 DC10 1:20 DAKO, Glostrup, Denmark microwave
Cytokeratin 19 Ks19.2 1:10 PROGEN, Heidelberg, Germany pronase
Cytokeratin 20 Ks20.8 1:50 DAKO, Glostrup, Denmark pronase
Cytokeratin AE1/AE3 AE1, AE3 mixture 1:400 Boeringer Mannheim Biochemica, Mannheim, Germany pronase



Table 2. Immunohistochemical results of various cytokeratins in renal oncocytomas and chromophobe RCCs.

CK7 CK8 CK10 CK10/13 CK14 CK18 CK19 CK20 AE1/AE3

Oncocytoma
1 2x1, C, M 3x2, C, M 0x0 0x0 1x1, C 4x1, C, M 1x2, C, M 0x0 1x2, C, M
2 4x2, C, M 3x2, C, M 0x0 0x0 0x0 3x2, C, M 1x2, C, M 0x0 1x2, C, M
3 2x2, C, M 4x2, C, M 0x0 0x0 1x1, C 4x1, C, M 2x2, C, M 0x0 2x2, C, M
4 4x2, C, M 3x2, C, M 3x1, C 3x1, C 3x1, C 4x1, C 4x2, C, M 0x0 4x2, C, M

Chromophobe RCC
1 4x2, C, M 1x1, C, M 0x0 0x0 1x1, C 2x1, C, M 0x0 0x0 1x1, C, M
2 3x2, C, M 2x1, C, M 0x0 0x0 1x1, C 2x2, C, M 0x0 0x0 1x2, C, M
3 3x2, C, M 1x1, C, M 0x0 0x0 1x1, C 2x2, C, M 1x1, C, M 3x1, C, M 4x2, C, M
4 4x2, C, M 1x1, C, M 0x0 0x0 1x1, C 1x1, C, M 1x1, C, M 0x0 1x2, C, M
5 4x2, C, M 1x1, C, M 0x0 0x0 1x1, C 3x2, C, M 0x0 0x0 4x1, C, M
6 4x2, C, M 0x0 0x0 0x0 0x0 1x1, C, M 0x0 0x0 1x1, C, M

Distribution 0,0%, 1, 1-25%; 2, 25-50% 3, 50-75%; 4, 75-100%. *Intensity: 0, negative; 1, postive; 2, strongly positive. CK: cytokeratin; c: cytoplasm; H:

staining (Fig. 1C).
Immunohistochemical findings

The immunohistochemical findings in the ten tumors
are summarized in Table 2. Cytokeratins 7 and 18, and
AE1/AE3 were distributed in all of the renal tumors.
Cytokeratin 8 was reactive in all renal tumors except for
one chromophobe RCC. Cytokeratins 10 and 10/13 were
unreactive in all renal tumors except for one
oncocytoma. Three out of four oncocytomas and five out
of six chromophobe RCCs were reactive for cytokeratin
14. Cytokeratin 19 was distributed in all oncocytomas
and two out of six chromophobe RCCs. Cytokeratin 20
was reactive in only one chromophobe RCC. Overall,

25
Intracytoplasmic lumens in renal oncocytomas

Fig. 1. Results of Hale’s colloidal iron staining. A Renal oncocytoma. (Case no.1) A positive reaction is observed along the apical lumina. x  50. B. The
typical variant of chromophobe RCC. Case no.1 A diffuse positive reaction in the cytoplasm is evident. x25) C. The eosinophilic variant of chromophobe
RCC (Case no.5). Tumor cells are completely negative. x 25

1A

1B 1C



there appeared to be no marked difference in
immunohistochemical results between renal
oncocytomas and chromophobe RCCs. 
Additionally, we identified ring-like positive

reactions for various cytokeratins in all renal
oncocytomas which corresponded ultrastructurally to the
structure of ICLs. These results are summarized in Table
3. Cytokeratin 8 and AE1/AE3 immunohistochemistry
recognized ICLs in all renal oncocytomas (Fig. 2A,B).
Immunohistochemistry for cytokeratins 7 and 19
recognized ICLs in three out of four oncocytomas. No
ICLs were identified in any of the renal oncocytomas
using cytokeratins 14 and 18, and no ICLs were found in
any of the chromophobe RCCs, despite immunostaining
for various cytokeratins (Fig. 2C). 

Ultrastructural findings

The cytoplasm of oncocytoma cells had abundant
mitochondria with cristae and other organelles were
scant. ICLs were occasionally present in the tumor
cytoplasm (Fig. 3). Intracytoplasmic vacuoles (ICVs)
were also focally identified. Few globular filamentous
bodies (GFBs) were evident. No ICLs, ICVs or GFBs
were identified in the cytoplasm of chromophobe RCCs.
Discussion

Renal oncocytoma is a neoplasm characterized
histologically by abundant mitochondria in the
cytoplasm and clinically by benign behavior (Amin et
al., 1997). Chromophobe RCC is a neoplasm
characterized histologically by abundant microvesicles
in the cytoplasm and clinically by malignant behavior
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Table 3. Identification of intracytoplasmic lumens by cytokeratin
immunohistochemistry in renal oncocytomas and chromophobe RCCs.

CK7 CK8 CK14 CK18 CK19 AE1/AE3

Oncocytoma
1 - + - - + +
2 + + - - + +
3 + + - - - +
4 + + - - + +

Chromophobe RCC
1 - - - - - -
2 - - - - - -
3 - - - - - -
4 - - - - - -
5 - - - - - -
6 - - - - - -

Fig. 2.  
Immunohistochemical result for AE1/AE3 in renal oncocytoma. Case no. 4 x 50. B. Immunohistochemical result for cytokeratin 8 in renal

oncococytoma. Case no.2. CLs (arrows) are observed. x 100. C. Immunohistochemistry for AE1/AE3 in chromophobe RCC. ICLs are not identified. (x

2A

2B 2C



(Thoenes et al., 1985, 1988). However, these tumors
occasionally share similar histological features because
they have a common origin, namely the intercalated cells
of the collecting duct, or have a similar phenotype
(Störkel et al, 1988, 1989, Kuroda et al., 1998, 2000,
2001; Taki et al., 1999). Earlier studies have suggested
that colloidal iron staining and electron microscopy are
useful for distinguishing these tumors. Recently, some
investigators have reported that colloidal iron staining is
not specific for chromophobe RCCs (Delong et al.,
1996; Tickoo et al., 1998). In the present study, one
eosinophilic variant of chromophobe RCC was
completely unreactive with colloidal iron. Positive
staining of chromophobe RCCs with colloidal iron is due
to accumulation of mucopolysaccharide in microvesicles
(Bonsib, 1996; Delong et al., 1996). However, the
eosinophilic variant of chromophobe RCCs contains
fewer microvesicles than the typical variant (Thoenes et
al., 1985, 1988). Therefore, the eosinophilic variant
shows a weaker or narrower positive reaction with
colloidal iron stain than the typical variant (Thoenes et
al., 1985, 1988). Recently, Erlandson et al. (1997) have
reported the presence of an oncocytic variant of
chromophobe RCC that lacks microvesicles and has
abundant mitochondria in the cytoplasm. Therefore, the
eosinophilic variant of chromophobe RCC that was
unreactive with colloidal iron stain in the present study
may have been such an oncocytic variant . 
There have been several immunohistochemical

studies of renal oncocytomas and chromophobe RCCs,
but these have been unable to differentiate between the
two tumors histologically (Kuroda et al, 1998, 2000,

2001; Taki et al., 1999). Mathers et al. (2002) concluded
that the immunohsitochemical staining pattern for
cytokeratin 7 might be useful in differentiating
chromophobe RCCs from both renal oncocytomas and
conventional RCC. However, we were unable to clearly
differentiate renal oncocytomas from chromophobe
RCCs by any cytokeratin immunohistochemical studies
as shown in Table 2. To distinguish these tumors clearly
in the present study, we carried out
immunohistochemistry focusing on characteristic
structures for renal oncocytomas. Recently, structures
such as GFBs, ICLs and ICVs have been detected in
renal oncocytomas (Bonsib and Bray, 1991; Lyzak et al.,
1994; Koller et al., 2000; Stopyra et al., 2001). Among
them, we were unable to find significant amounts of
GFBs in four oncocytomas by routine hematoxylin-eosin
staining. Furthermore, ultrastructurally, we did not find a
significant amount of GFBs and ICVs, but did detect a
significant amount of ICLs. Therefore, we examined the
immunohistochemical results for various cytokeratins,
focusing on the structure of ICLs. As a result, we found
that cytokeratins 7, 8, and 19, and AE1/AE3 could be
used to detect the structure of ICLs. Among them,
cytokeratin 8 and AE/AE3 detected ICLs in all of the
renal oncocytomas examined. Thus it seems that
immunohistochemical identification of ICLs is more
sensitive than colloidal iron staining for differentiating
between renal oncocytomas and chromophobe RCCs. 
In conclusion, the immunohistochemical

identification of ICLs by cytokeratin typing may be
useful for differentiating between renal oncocytomas and
chromophobe RCCs.
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Fig. 3. Ultrastructural
appearance of a renal
oncocytoma. Case no. 4
Many mitochondria are
observed in the cytoplasm. An
ICL (arrow) is also seen.
x 4,000
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