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Immunohistochemical Analysis of Chromophobe Renal
Cell Carcinoma, Renal Oncocytoma, and

Clear Cell Carcinoma
An Optimal and Practical Panel for Differential Diagnosis

Lina Liu, MD; Junqi Qian, MD; Harpreet Singh, MS; Isabelle Meiers, MD; Xiaoge Zhou, MD; David G. Bostwick, MD

● Context.—The separation of chromophobe renal cell car-
cinoma, oncocytoma, and clear cell renal cell carcinoma
using light microscopy remains problematic in some cases.

Objective.—To determine a practical immunohisto-
chemical panel for the differential diagnosis of chromo-
phobe carcinoma.

Design.—Vimentin, glutathione S-transferase � (GST-�),
CD10, CD117, cytokeratin (CK) 7, and epithelial cell ad-
hesion molecule (EpCAM) were investigated in 22 cases of
chromophobe carcinoma, 17 cases of oncocytoma, and 45
cases of clear cell carcinoma.

Results.—Vimentin and GST-� expression were exclu-
sively observed in clear cell carcinoma. CD10 staining was
more frequently detected in clear cell carcinoma (91%)
than in chromophobe carcinoma (45%) and oncocytoma
(29%). CD117 was strongly expressed in chromophobe
carcinoma (82%) and oncocytoma (100%), whereas none
of the cases of clear cell carcinomas were immunoreactive.

Cytokeratin 7 was positive in 18 (86%) of 22 cases of chro-
mophobe carcinoma, whereas all oncocytomas were neg-
ative for CK7. EpCAM protein was expressed in all 22 cases
of chromophobe carcinoma in more than 90% of cells,
whereas all EpCAM-positive oncocytomas (5/17; 29%) dis-
played positivity in single cells or small cell clusters.

Conclusions.—Using the combination of 3 markers (vi-
mentin, GST-�, and EpCAM), we achieved 100% sensitivity
and 100% specificity for the differential diagnosis of chro-
mophobe carcinoma, oncocytoma, and clear cell carcino-
ma. The pattern of ‘‘vimentin�/GST-��’’ effectively exclud-
ed clear cell carcinoma, and homogeneous EpCAM ex-
pression confirmed the diagnosis of chromophobe carci-
noma rather than oncocytoma. CD117 and CK7 were also
useful markers and could be used as second-line markers
for the differential diagnosis, with high specificity (100%)
and high sensitivity (90% and 86%, respectively).

(Arch Pathol Lab Med. 2007;131:1290–1297)

Chromophobe renal cell carcinoma (RCC) is an uncom-
mon variant of RCC, accounting for approximately

5% of renal cancer. In many cases, it is possible to distin-
guish chromophobe RCC from other renal tumors on the
basis of hematoxylin-eosin (H&E)–stained tissue sections
and Hale colloidal iron staining alone. However, overlap-
ping morphologic characteristics pose some difficulties in
making a proper diagnosis in a small but significant num-
ber of kidney tumors even in the hands of experienced
pathologists. The eosinophilic variant of chromophobe
RCC is particularly difficult to distinguish from renal on-
cocytoma and the eosinophilic variant of clear cell RCC,
whereas the typical variant can resemble clear cell RCC.

To render an accurate diagnosis of chromophobe RCC,
additional methods have been recommended. Electron mi-
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croscopy is a useful means for diagnosis when one iden-
tifies the characteristic cytoplasmic microvesicles. Genetic
abnormalities such as deletion of chromosomes 1, 2, 6, 10,
13, 17, and 21 detected in chromophobe RCC are some-
times used for differential diagnosis.1 However, both
methods are time-consuming, expensive, and not available
in most facilities. Hale colloidal iron stain is also a useful
adjunct, but it is technically demanding and often difficult
to interpret. Therefore, increasing interest has focused on
identification of a fast, reliable set of immunohistochemical
markers that is applicable in most pathology laboratories.
To date, a small but significant number of immunohisto-
chemical stains have been reported individually to be use-
ful for distinguishing chromophobe RCC from oncocyto-
ma and clear cell RCC. Vimentin, CD10, and cytokeratin
(CK) 7 are useful according to most investigators, but con-
flicting results have been reported.2–9 In recent years, other
studies have suggested that glutathione S-transferase �
(GST-�), CD117, and epithelial cell adhesion molecule
(EpCAM) were also valuable for differentiation.10–12 How-
ever, no single marker appears to be sufficiently accurate
by itself. Moreover, reliance on a single marker in differ-
ential diagnosis of tumors with overlapping morphology
may be insufficient or even misleading, especially when
the interpretation of the stain is not straightforward or the
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Table 1. Summary of Correlation of Staining of All 6 Markers Between Tissue Microarrays and Large Sections in
10 Cases*

Cases Without
Discrepancy,

No. (%)

Cases With Discrepancy, No. (%)

Difference Range†

�10% 11%–20% 21%–30%

Vimentin 10 (100) 0 (0) 0 (0) 0 (0)
GST-� 9 (90) 1 (10)‡ 0 (0) 0 (0)
CD10 7 (70) 1 (10)‡ 0 (0) 2 (20)§
CD117 7 (70) 1 (10)‡ 1 (20)‡ 1 (10)§
CK7 8 (80) 0 (0) 1 (10)‡ 1 (10)‡
EpCAM 10 (100) 0 (0) 0 (0) 0 (0)

* GST-� indicates glutathione S-transferase �; CK, cytokeratin; and EpCAM, epithelial cell adhesion molecule.
† The difference in the percentage of positive cells.
‡ The differences did not change the category of immunoreactivity.
§ The differences changed the category of immunoreactivity from diffuse to moderate positivity.

tissue sample is small. This prompted us to explore a set
of immunohistochemical markers that would improve the
accuracy for the diagnosis of chromophobe RCC with an
eye toward optimization and, as needed, redundancy to
provide confirmatory evidence of identity of a neoplasm.
Accordingly, we examined 22 chromophobe carcinomas,
17 oncocytomas, and 45 conventional RCCs using immu-
nohistochemistry on tissue microarrays (TMAs) as well as
on routinely collected tumor blocks. The objectives of this
study were (1) to identify the specific staining patterns of
multiple markers in 3 different types of renal tumor, (2)
to compare the sensitivity and specificity of these markers
for differential diagnosis, and (3) to determine an optimal
diagnostic strategy for chromophobe RCC.

MATERIALS AND METHODS
Case Selection

The study group consisted of 22 cases of chromophobe RCC,
17 cases of oncocytoma, and 45 cases of clear cell RCC; all spec-
imens were obtained by radical or partial nephrectomy. Cases
with needle biopsies were excluded. All cases were retrieved
from the files of Bostwick Laboratories, Richmond, Va, or the De-
partment of Pathology at Beijing Friendship Hospital, Beijing,
China. The World Health Organization classification of renal tu-
mors was used for diagnosis.13 Three pathologists independently
reviewed the H&E slides with accompanying Hale colloidal iron
stain without knowledge of the previous diagnosis, and complete
agreement was reached in all cases for chromophobe RCC, on-
cocytoma, and clear cell RCC. Four of the 22 chromophobe RCCs
were of the eosinophilic variant (all were positive for Hale col-
loidal iron stain); none of the chromophobe RCCs showed sar-
comatoid change. Chromophobe RCCs were graded as 2 (13 cas-
es), 3 (8 cases), and 4 (1 case), and clear cell RCCs were graded
as 1 (16 cases), 2 (16 cases), 3 (7 cases), and 4 (6 cases) using the
Fuhrman grading system.14 Two cases of chromophobe RCC and
2 cases of clear cell RCC were initially signed out elsewhere as
oncocytoma but reclassified in our consultation service.

Tissue Microarrays
Representative areas were identified on H&E slides and

marked for sampling with TMAs. Using the Beecher Instruments
TMA processor (4508-DM, Sun Prairie, Wis), 1 to 3 cores 2.0 mm
in diameter were extracted from 1 to 2 paraffin-embedded tissue
blocks in each case and incorporated into 4 tissue array blocks—
TMA1, TMA2, TMA3, and TMA4, which included 45, 35, 35, and
23 cores, respectively. Normal renal parenchyma cores were also
included in each TMA block to serve as positive and negative
controls. After the TMAs were constructed, we added 2 more
cases of chromophobe RCC, 4 more cases of clear cell RCC, and
9 more cases of oncocytomas to this study, and immunohisto-

chemistry was performed on conventional tissue blocks in these
cases. To deal with the heterogeneity of each tumor, multiple 2-
mm-diameter tissue cylinders were used to offer more tissue sur-
face instead of the 0.6-mm-diameter cylinders commonly pro-
duced by the typical tissue array instrument. To further evaluate
whether TMA expression was representative of each tumor, we
additionally performed the battery of immunohistochemical tests
on routine tissue sections from 10 tumors that were used to con-
struct the TMAs (1–6 tumors for each kind).

Immunohistochemistry
The following antibodies were included in this study: vimentin

(V9 monoclonal, 1:500; Dako, Carpinteria, Calif), CD10 (56C
monoclonal, 1:100; Biocare, Concord, Calif), GST-� (rabbit poly-
clonal, 1:50; Neomarker, Fremont, Calif), CD117 (rabbit polyclon-
al, 1:400; Biocare), CK7 (K72.7 monoclonal, 1:50; Biocare), and
EpCAM (C10 monoclonal, 1:100; Santa Cruz Biotechnology, Santa
Cruz, Calif). Sections (3–4 �m) were cut and mounted on silane-
coated slides, dried, deparaffinized in xylene, and rehydrated in
ethanol. Antigenic retrieval used the Biocare pressure cooker,
heating slides to 125�C for 2.5 min (1mM EDTA except for CK7
and CD117, which were treated with 10mM citrate buffer [pH
6.0]) and cooling the slides to 90�C. Endogenous peroxidase was
quenched by 3% hydrogen peroxide for 10 minutes. Slides were
incubated for 30 minutes with primary antibody. The rabbit poly-
clonal antibodies were detected by MACH2 rabbit horseradish
peroxidase (Biocare) and mouse monoclonal antibodies detected
by the EnVision� system (DAKO) with 30 minutes of incubation.
Both secondary detection systems were biotin free. The antigen-
antibody immunoreaction was visualized using 3,3�-diamino-
benzidine. All immunoreactions were carried out at room tem-
perature.

Tumor cells were considered positive only when the appro-
priate staining pattern was noted (CD117 and EpCAM give mem-
branous staining, CD10 gives cell surface staining, CK7 gives
cytoplasmic and membranous staining, vimentin gives cytoplas-
mic staining, and GST-� gives cytoplasmic and nuclear or cyto-
plasmic staining). The extent of immunoreactivity was catego-
rized as negative (0), less than 5%; focal (1�), 5% to 10%; mod-
erate (2�), 11% to 50%; and diffuse (3�), greater than 50% pos-
itivity of tumor cells. The sensitivity and specificity were
calculated for each marker.

RESULTS
Agreement of Results Between Tissue Arrays and

Conventional Large Tissue Sections
The expression patterns of the markers on the TMAs

were compared with those on routine tissue sections from
10 of the tumors that were constructed into TMAs. There
was a good correlation between the staining pattern in the
TMA and large sections (Table 1).
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Immunostaining in Normal Kidney Tissue

In the normal renal parenchyma, renal tubules did not
express vimentin. GST-� and CD10 selectively labeled the
proximal tubules, with CD10 additionally staining the
glomerular epithelium and Bowman capsule. Interesting-
ly, CD117 selectively labeled some of the lining cells of
distal tubules and collecting ducts in an intermittent fash-
ion, in which the positive cells in the collecting ducts prob-
ably represent intercalated cells, and the expression was
cytoplasmic with accentuation in the basal portion of the
cell membrane (Figure 1). Cytokeratin 7 and EpCAM pref-
erentially labeled distal tubules and collecting ducts: CK7
expression was cytoplasmic with cell membrane accentu-
ation, whereas EpCAM expression was in the basolateral
cell membranes; weak cytoplasmic staining was also seen.

Immunostaining in Chromophobe RCC, Oncocytoma,
and Clear Cell RCC

The results of vimentin, GST-�, CD10, CD117, CK7, and
EpCAM immunohistochemical staining in chromophobe
RCC, oncocytoma, and clear cell RCC are detailed in Table
2. Representative H&E and immunohistochemistry stain-
ing is illustrated in Figure 2, A through C, for chromo-
phobe RCC and in Figure 3, A and B, for clear cell RCC.

Vimentin staining was absent in all chromophobe RCCs
(0/22) and oncocytomas (0/17), whereas diffuse cytoplas-
mic staining was present in all clear cell RCCs (45/45),
with 90% to 100% tumor cells positive.

None of the chromophobe RCCs and oncocytomas
showed GST-� staining. Positive cytoplasmic and nuclear
GST-� staining was present in 41 (91%) of 45 clear cell
RCCs.

CD10 was expressed in most (41/45; 91%) clear cell
RCC cases. CD10 expression was also observed in 45%
(10/22) of chromophobe RCCs (Figure 4) and 29% (5/17)
of oncocytomas.

Immunoreactivity for CD117 was present in 18 (82%) of
22 chromophobe RCCs and all 17 oncocytomas with mod-
erate to diffuse staining in all positive cases. The staining
was complete-membranous (Figure 5) rather than the bas-
al staining of cell membranes as seen in the normal distal
tubules. None of the 45 clear cell RCCs were positive for
CD117.

Nineteen (86%) of 22 chromophobe RCCs showed cy-
toplasmic positivity with membrane accentuation for CK7,
whereas the remaining 3 cases (13%) were considered to
be negative with staining detected in 1% of tumor cells in
all 3 cases. All 17 oncocytomas were negative for CK7, of
which 11 cases (65%) showed only single scattered im-
munoreactivity in less than 5% of tumor cells (Figure 6).
Five (11%) of the 45 clear cell RCCs demonstrated posi-
tivity for CK7.

EpCAM protein was strongly expressed in all chromo-
phobe RCCs (100%; 22/22) with positivity in 100% of tu-
mor cells in 21 cases and 90% of tumor cells in 1 case
(Figure 7, A), and the staining was complete-membranous
or basolateral in tumor cells arranged in tubules, similar
to normal renal tubules. Five (29%) of 17 oncocytomas
were positive for EpCAM, of which 2 tumors showed focal
positivity in 10% of tumor cells and the remaining 3 tu-
mors showed moderate positivity in 30%, 40%, and 50%
of tumor cells, respectively. The staining pattern in posi-
tive cases was invariably single scattered or in small cell
clusters (Figure 7, B), in contrast to the homogeneous

staining pattern seen in chromophobe RCC. EpCAM pos-
itivity was also found in 15 (33%) of 45 clear cell RCCs.

Sensitivity and Specificity
This study aimed to separate the tumors initially into 2

groups, that is, chromophobe RCC/oncocytoma and clear
cell RCC, by vimentin, GST-�, CD10, and CD117, and to
further discriminate between chromophobe RCC and on-
cocytoma by CK7 and EpCAM. To separate clear cell RCC
from chromophobe RCC and oncocytoma, vimentin, GST-
�, and CD117 each showed 100% specificity, whereas the
sensitivity was 100%, 91%, and 90%, respectively; CD10
had high sensitivity (91%) but low specificity (62%). To
separate oncocytoma from chromophobe RCC, CK7 ex-
pression yielded 100% specificity and 86% sensitivity,
whereas EpCAM expression with homogeneous staining
pattern gave 100% specificity and 100% sensitivity.

COMMENT
Owing to the overlapping morphologic characteristics,

separation of chromophobe RCC from oncocytoma and
conventional clear cell carcinoma based on conventional
H&E staining is often challenging, even in the hands of
experienced pathologists.2,4,7 Immunohistochemistry is
available in most pathology laboratories as an adjunct and
is technically easier to perform and interpret than Hale
colloidal iron and electron microscopy. Our results show
that an optimal diagnostic strategy for separation of chro-
mophobe RCC, clear cell RCC, and oncocytoma can be
achieved by using a set of immunohistochemical markers,
which includes vimentin, GST-�, CD117, CK7, and Ep-
CAM (Figure 8; Table 3). To exclude clear cell RCC, the
combination of vimentin�/GST-��/CD117� can be used.
Then, to exclude oncocytoma, the combination of Hale col-
loidal iron�/CK7�/EpCAM� can be used.

Coexpression of keratin and vimentin is a widely used
profile for clear cell RCC4,6 in contrast to chromophobe
RCC and oncocytoma, which are negative for vimentin.
Bazille et al15 found that vimentin was only positive in
clear cell RCC, whereas all of their 50 chromophobe RCCs
and 96 oncocytomas were negative. Likewise, our study
showed vimentin was the most sensitive and specific
marker for conventional RCC. However, other reports
showed vimentin positivity varied from 54.5% to 85% in
clear cell RCC.4,9,15 In a large study by Pan et al7 of 256
clear cell RCCs, 164 (64.1%) expressed vimentin, similar
to the finding of Mazal et al16 (65.7%; 67/102). Few studies
have documented vimentin positivity in chromophobe
RCC (21.4%; 6/28) and oncocytoma (9.7%; 3/31).7,16 These
differences could be caused by the variance in pathologic
diagnosis, use of different antibodies and reagents for the
studies, and different laboratory staining procedures. De-
spite these variations, the diagnosis of chromophobe RCC
or oncocytoma should be rendered with caution if diffuse
vimentin staining is detected.

In recent years, GST-�, which functions to protect cells
by catalyzing the detoxification of xenobiotics and carcin-
ogens, was found to be of diagnostic value in renal tu-
mors.11,17 GST-� overexpression is present in clear cell RCC
at the transcript level by complementary DNA microarray
analysis and at the protein level by immunohistochemis-
try. Our result extended these observations by demonstrat-
ing GST-� immunoreactivity in most cases of clear cell
RCC (91%; 41/45) but in 0 of 22 chromophobe RCCs and
0 of 17 oncocytomas. A similar positive rate (82.2%; 166/
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Figure 1. Normal adult renal medulla. CD117 exhibiting cytoplasmic staining and basal staining of cell membranes in an intermittent fashion in
collecting ducts (immunoperoxidase, original magnification �200).

Figure 2. A, Eosinophilic variant of chromophobe renal cell carcinoma (RCC) (hematoxylin-eosin, original magnification �400). B, Eosinophilic
variant of chromophobe RCC. Negative expression of vimentin in tumor cells in contrast with positive staining in vascular network (immunoperoxi-
dase, original magnification �400). C, Eosinophilic variant of chromophobe RCC. Diffuse positive expression of cytokeratin 7 (immunoperoxidase,
original magnification �400).

Figure 3. A, Eosinophilic variant of clear cell renal cell carcinoma (hematoxylin-eosin, original magnification �400). B, Eosinophilic variant of
clear cell renal cell carcinoma. Positive expression of glutathione S-transferase � (immunoperoxidase, original magnification �400).
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Table 2. Immunohistochemical Results of Renal
Cell Tumors*

Staining
Extent

Oncocytoma,
No. (%)

Chromophobe
RCC, No. (%)

Clear Cell RCC,
No. (%)

Vim 0 17 (100) 22 (100) 0 (0)
1� 0 (0) 0 (0) 0 (0)
2� 0 (0) 0 (0) 0 (0)
3� 0 (0) 0 (0) 45 (100)

GST-� 0 17 (100) 22 (100) 4 (9)
1� 0 (0) 0 (0) 2 (4)
2� 0 (0) 0 (0) 7 (16)
3� 0 (0) 0 (0) 32 (71)

CD10 0 12 (71) 12 (55) 4 (9)
1� 1 (6) 2 (9) 3 (7)
2� 0 (0) 3 (13) 4 (9)
3� 4 (23) 5 (23) 34 (75)

CD117 0 0 (0) 4 (18) 45 (100)
1� 0 (0) 0 (0) 0 (0)
2� 2 (12) 1 (5) 0 (0)
3� 15 (88) 17 (77) 0 (0)

CK7 0 17 (100) 3 (13) 40 (89)
1� 0 (0) 1 (5) 1 (2)
2� 0 (0) 1 (5) 0 (0)
3� 0 (0) 17 (77) 4 (9)

EpCAM 0 12 (71) 0 (0) 30 (67)
1� 2 (12) 0 (0) 5 (11)
2� 3 (17) 0 (0) 4 (9)
3� 0 (0) 22 (100) 6 (13)

Total 17 22 45

* RCC indicates renal cell carcinoma; Vim, vimentin; GST-�, gluta-
thione S-transferase �; CK, cytokeratin; and EpCAM, epithelial cell ad-
hesion molecule.

Figure 4. Chromophobe renal cell carcinoma. Cell surface immuno-
reactivity for CD10 (immunoperoxidase, original magnification �400).

Figure 5. Chromophobe renal cell carcinoma. Complete-membra-
nous expression of CD117 (immunoperoxidase, original magnification
�400).

Figure 6. Oncocytoma. Single scattered cytokeratin 7 expression (im-
munoperoxidase, original magnification �400).

202) in clear cell RCC was observed by Chuang et al.17

However, 1 study documented immunoreactivity in 1 of
10 chromophobe RCCs.11

CD117 recently has been reported as a useful diagnostic
marker for renal cancer. This transmembrane growth fac-
tor receptor, encoded by the proto-oncogene c-kit, was
widely expressed in various normal tissues and many tu-
mors.18,19 Pan et al10 found that 83% (24/29) of chromo-
phobe RCCs and 71% (5/7) of oncocytomas had membra-
nous immunoreactivity for CD117, whereas all 256 clear
cell RCCs were negative, similar to another study with
88% (22/25) positivity in chromophobe RCC, 71% (10/14)
in oncocytoma, and 0% (0/29) in clear cell RCC.20 Wang
and Mills21 observed 100% immunoreactivity with CD117
in both chromophobe RCC (11/11) and oncocytoma (12/
12). Our study confirmed the accuracy of CD117 and its
expression in chromophobe RCC and oncocytoma, in con-
trast with negative staining in clear cell RCC. Of note, in
tumors of other organs, the expression pattern of CD117
was primarily cytoplasmic except for a few tumors such
as germ cell tumor with typical membranous staining.18,19

In general, only membranous reactivity was accepted as
positive staining for renal cell tumors,10 although cyto-
plasmic staining was documented elsewhere to be positive
in 2 of 13 clear cell RCCs.22 We found CD10 immunore-
activity in most clear cell RCCs, but it was of little benefit
in the separation of clear cell RCC from chromophobe
RCC and oncocytoma, unlike the results of Avery et al.3
Other investigators observed CD10 expression in 26% (11/
42) to 32% (9/28) of chromophobe RCCs and in 25% (3/
12) of oncocytomas,4,7,23 which is comparable to our data
that shows positivity in 45% of chromophobe RCCs and
in 29% of oncocytomas.

The distinction between oncocytoma and chromophobe
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Figure 7. A, Chromophobe renal cell carcinoma. Diffuse membrane-
bound staining of epithelial cell adhesion molecule (EpCAM) (immu-
noperoxidase, original magnification �400). B, Oncocytoma. EpCAM
expression in single cells or in small cell clusters (immunoperoxidase,
original magnification �400).

Figure 8. Diagnostic strategy for the differ-
ential diagnosis of chromophobe renal cell
carcinoma (RCC). To exclude clear cell RCC,
the combination of vimentin�/GST-��/
CD117� can be used. To exclude oncocyto-
ma, the combination of Hale colloidal iron�/
CK7�/EpCAM� can be used. aHale colloidal
iron stain is positive in the cytoplasm of cells
of chromophobe RCC but may show moder-
ate staining of the cell membranes in onco-
cytoma. bCK7 staining is diffuse in most cases
of chromophobe RCC, but focal staining is of-
ten observed in oncocytoma. cEpCAM stain-
ing is invariably diffuse in chromophobe RCC
and focal in oncocytoma. GST-� indicates
glutathione S transferase �; CK, cytokeratin;
and EpCAM, epithelial cell adhesion mole-
cule.

RCC, especially the eosinophilic variant of chromophobe
RCC, is most challenging because both tumors share mor-
phologic and immunophenotypic features. Previous stud-
ies have reported conflicting results with CK7 in making
this distinction.5,8,24 In our study, CK7 positivity with
membrane accentuation was found in 19 (86%) of 22 chro-
mophobe RCCs, whereas all oncocytomas were negative
with only scattered staining in less than 5% of tumor cells
observed. These results confirm the discriminant power of
CK7 for chromophobe RCC and oncocytoma, similar to
the results of Leroy et al5 and Mathers et al.24 Conversely,
results from other studies argue against the diagnostic
value of CK7 by demonstrating 19% (4/21) to 100% (3/3)
positivity in oncocytoma,8,25,26 but these reports found ei-
ther only focal staining without giving the percentage of
positive tumor cells or only cytoplasmic staining without
distinct membrane accentuation as in chromophobe RCC.
In our study, 3 cases (13%) of chromophobe RCC were
negative for CK7 with only single scattered staining as
seen in oncocytoma, indicating the need for a more sen-
sitive antibody for differential diagnosis between these 2
entities.

EpCAM is another marker that is potentially useful in
differentiating chromophobe RCC and oncocytoma.12,27

EpCAM, also known as KSA, KS1/4, and 17-1 antigen, is
a transmembrane cell surface epithelial protein encoded
on chromosome 2p21.28 EpCAM has gained interest as a
potential therapeutic target because it is widely expressed
on the surface of many carcinomas.29 We found that
EpCAM was an accurate diagnostic marker to differentiate
chromophobe RCC from oncocytoma; 21 of 22 chromo-
phobe RCCs demonstrated membranous expression in
100% of tumor cells while 1 demonstrated staining in 90%
of tumor cells, whereas immunoreactive cells in oncocy-
toma were invariably distributed singly or in small cell
clusters. Although 5 oncocytomas in our study displayed
expression in 10% to 50% of tumor cells, similar to 35%
and 60% of tumor cells in 2 oncocytomas reported by
Went et al,12 the distribution pattern of positive cells was
restricted to small cell clusters, and the discrimination
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Table 3. Distinguishing Features of Oncocytoma, Chromophobe Renal Cell Carcinoma (RCC), and Clear Cell RCC*

Neoplasm Oncocytoma Chromophobe RCC Clear Cell RCC

Distinguishing light micro-
scopic features

Nests, tubules; edematous stroma;
eosinophilic and granular cyto-
plasm

Sheets; large polygonal cells; prom-
inent cell membranes; perinucle-
ar halo and reticular cytoplasm

Compact alveoli, tubules;
prominent delicate vascu-
lar network; clear cyto-
plasm

Distinguishing histochemi-
cal features

Hale colloidal iron stain� Hale colloidal iron stain� Hale colloidal iron stain�;
oil red O�

Distinguishing ultrastructur-
al features

Numerous mitochondria Numerous vesicles, 150–300 nm in
diameter

Lipid and glycogen

Distinguishing immunohis-
tochemical features

Vimentin�; GST-��; CD117�; CK7�

(focal); EpCAM� (focal)
Vimentin�; GST-��; CD117�; CK7�

(diffuse); EpCAM� (diffuse)
Vimentin�; GST-��; CD117�

* � indicates negative; �, positive; GST-�, glutathione S-transferase �; CK, cytokeratin; and EpCAM, epithelial cell adhesion molecule.

from chromophobe RCC was invariably straightforward.
EpCAM antibody yielded 100% sensitivity for chromo-
phobe RCC in this study, although Went et al observed an
absence of EpCAM in 1 chromophobe RCC (1/21; 5%) and
focal positivity in another (1/21; 5%). In addition, those
authors described complete absence of EpCAM expression
in sarcomatoid areas of chromophobe RCC; however, we
believe that, given the presence of sarcomatoid RCC, the
separation of chromophobe RCC from other subtypes of
RCC is not clinically important because sarcomatoid RCC
of any subtype implies a poor prognosis and is treated
similarly.

A novel finding in our study involved CD117 expression
in normal adult renal parenchyma. We observed staining
in both the cytoplasmic and basal portions of cell mem-
branes in collecting ducts but not in the proximal tubules,
and only some of the lining cells stained positively for
CD117 in an intermittent fashion, which probably repre-
sent intercalated cells of the collecting ducts. Nonetheless,
membrane staining was not seen in previous studies10,22;
furthermore, Miliaras et al22 observed cytoplasmic positiv-
ity only in proximal and distal tubules not in collecting
tubules. Our findings of membranous expression for
CD117 in normal collecting ducts as well as in chromo-
phobe RCC and oncocytoma, but not in clear cell RCC,
provided further evidence supporting the hypothesis that
chromophobe RCC and oncocytoma are related tumors
that may originate from the intercalated cells of renal col-
lecting tubules, whereas clear cell RCC probably arises
from proximal tubular epithelium.

Our study is limited by a relatively modest number of
cases and the use of routine microscopic evaluation of
slides. The use of machine vision may provide more pre-
cise quantitation of results. Further, the diagnosis of most
of our cases was not independently confirmed by genetic
studies or ultrastructural investigation. It was also noted
that the number of eosinophilic variants of chromophobe
carcinoma in this study was higher than observed in rou-
tine practice, probably reflecting referral bias of our con-
sultation practice.

Treatment and prognostic implications make it imper-
ative for pathologists to correctly diagnose chromophobe
RCC. However, no single immunomarker is sufficient to
definitively identify chromophobe RCC; moreover, reli-
ance on a single antibody can be misleading. Our study
provides an optimal and practical solution to this dilem-
ma. The combination of vimentin, GST-�, and EpCAM can
be used as the first-line choice, whereas a combination of
CD117 and CK7 (with Hale colloidal iron) can be used as
the second-line choice for the differential diagnosis of

chromophobe RCC. Because either the first-line or second-
line combination yields 100% specificity, the most appro-
priate combination can be selected based on availability
and on which combination yields the best staining results
in a given laboratory.
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