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End-stage renal disease is associated with an increased incidence of renal cell neoplasms. Among these, recent
studies have identified tumors with unusual histological patterns that do not fit into the categories recognized
in the current classification system. These tumors often occur in kidneys with acquired cystic disease and are
composed mainly of large eosinophilic cells arranged in solid, cribriform, acinar, or papillary patterns. They
also contain deposits of calcium oxalate crystals. We investigated three eosinophilic epithelial tumors arising in
kidneys with acquired cystic disease from three patients. Each of the tumors was composed of large
eosinophilic cells arranged in solid, acinar, or tubulocystic architecture. Deposits of calcium oxalate crystals
were present in each tumor. Hale’s colloidal stain showed a positive cytoplasmic reaction in one of the
neoplasms. Immunohistochemistry displayed positive results for CD10 (3/3), AE1/AE3 (3/3), alpha-methylacyl-
CoA racemase (2/3), CAM5.2 (2/3), and vimentin (1/3). Reactions for epithelial membrane antigen, cytokeratin 7,
and high molecular weight cytokeratin (34bE12) were negative. Fluorescence in situ hybridization analysis
showed no losses or gains of chromosomes 1, 2, 6, 10, or 17 in one tumor. There were gains of chromosomes 1,
2, and 6 in two tumors. One of these tumors also showed gains of chromosome 10. Eosinophilic renal cell
tumors associated with acquired cystic disease have immunophenotypes and genetic profiles distinct from the
renal cell neoplasms recognized in the current classification of renal cell neoplasia, and should be considered
as a distinct clinicopathologic entity in the spectrum of renal cell neoplasia.
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End-stage renal disease is known to be associated
with an increased risk of developing renal cell
neoplasms, particularly in patients with acquired
cystic kidney disease secondary to long-term hemo-
dialysis.1–3 Clinically, these tumors differ from the
sporadic variants with a younger age of presenta-
tion, greater frequency of multicentricity and bila-
terality, and possibly an overall better prognosis.1–7

Different types of renal cell epithelial neoplasms
have been described in association with end-stage
renal disease, with a high prevalence of papillary

renal cell carcinomas and clear-cell renal carcino-
mas.1,3,4,7–12 However, tumors arising in end-stage
renal diseases, especially in association with ac-
quired cystic disease, may also show distinctive
histologic features not easily referable to the cate-
gories described in the current WHO classification
system.13–15 These tumors are characterized by
abundant eosinophilic cytoplasm, a variably solid,
cribriform, tubulo-cystic and papillary architecture,
and by deposits of calcium oxalate crystals.13,14

Little is known about the immunohistochemical
phenotype and genetic profiles of these tumors.
In this study, we analyzed three such tumors
occurring in patients with acquired cystic disease.
We investigated the expression of cytokeratins,
vimentin, CD10, and alpha-methylacyl-CoA race-
mase (AMACR) using immunohistochemistry. We
also studied, by fluorescence in situ hybridization
(FISH), the complement of chromosomes 1, 2, 6, 10,
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and 17, which are known to be frequently lost in
eosinophilic chromophobe renal cell carcinoma;
chromosome 1 is lost in approximately 10% of renal
oncocytomas.16–20

Materials and methods

Patients

Three renal epithelial tumors from three patients
with end-stage renal disease and acquired cystic
disease were retrieved from the archives of the
Department of Pathology of the Indiana University
School of Medicine. From paraffin blocks represen-
tative of the tumors and adjacent non-neoplastic
renal parenchyma, 4-mm-thick sections were cut
and stained with hematoxylin and eosin and Hale’s
colloidal iron stain. Additional consecutive slides
were utilized for immunohistochemical staining
and FISH analysis.

Immunohistochemical Staining

Immunohistochemistry was performed with the
following antibodies: vimentin (DAKO, Carpinteria,
CA, USA; clone V9; prediluted); CAM5.2 (Becton
Dickinson, Mountain View, CA, USA; prediluted);
AE1/AE3 (DAKO; Clone AE1/AE3; 1:80 dilution),
epithelial membrane antigen (EMA) (DAKO; clone
E29; prediluted); cytokeratin 7 (CK7) (DAKO; clone
OV-TL 12/30; prediluted); high molecular weight
keratin (HMWK) (DAKO; clone 34bE12; prediluted);
CD10 (Cell Marque, Hot Springs, AR, USA; clone
56C6; prediluted); AMACR (DAKO; clone P504S;
1:100 dilution).

Briefly, slides were deparaffinized twice in xylene
for 5min and rehydrated through graded ethanol
solutions to distilled water. Antigen retrieval
was performed by heating sections in citrate buffer
(AE1/AE3, CD10, and AMACR) or enzymatically
with proteinase K (CAM5.2 and CK7) and pepsin
(HMWK). No pretreatment was utilized for vimentin
and EMA immunostaining. Inactivation of endo-
genous peroxidase activity was obtained by incubat-
ing sections in 3% H2O2 for 15min. Localization of
bound antibodies was performed with peroxidase-
labeled streptavidin–biotin system (DAKO, LSAB2
Kit) with 3,30-diaminobenzidine as a chromogen.
Appropriate positive controls for each antibody were
run concurrently and showed adequate immuno-
staining.

Fluorescence In Situ Hybridization

The slides were deparaffinized with two washes of
xylene, 15min each, and subsequently washed
twice with absolute ethanol, 10min each and then
air dried in the hood. Next, the slides were treated
with 0.1mM citric acid (pH 6.0) (Zymed, CA, USA)
at 951C for 10min, rinsed in distilled water for 3min

followed by a wash of 2�SSC (standard saline
citrate) for 5min. Digestion of the tissue was per-
formed by applying 0.4ml of pepsin (5mg/ml
in 0.9% NaCl, pH 1.5) (Sigma, St Louis, MO, USA)
at 371C for 40min. The slides were rinsed with
distilled water for 3min, then washed with 2�SSC
for 5min and air dried. FISH was performed with
centromeric a-satellite DNA probes for chromosome
1 (Centromeric Enumeration Probe, CEP 1, Spectrum
Orange), chromosome 2 (CEP2, Spectrum Orange),
chromosome 6 (CEP 6, Spectrum Green), chromo-
some 10 (CEP 10, Spectrum Green), and chromo-
some 17 (CEP 17, Spectrum Orange). All of the
probes were from Vysis (Downers Grove, IL, USA)
and were diluted with tDenHyb1 (Insitus, Albur-
querque, NM, USA) in a ratio of 1:100. A 5ml portion
of diluted probe was applied to each slide in
reduced light. The slides were then covered with
a 22� 22mm coverslip and sealed with rubber
cement. Denaturation was achieved by incubating
the slides at 801C for 10min in a humidified box
and then at 371C overnight. The coverslips were
removed and the slides were washed with two
washes at 451C with 0.1XSSC/1.5M urea (20min
for each wash), followed by a wash with 2XSSC for
20min and a wash with 2XSSC/0.1% NP-40 for
10min at 451C. The slides were further washed with
room temperature 2XSSC for 5min. The slides
were air dried and counterstained with 10 ml DAPI
(Insitus, Albuquerque, NM, USA), covered with
coverslips and sealed with nail polish.21–23

The slides were examined using a Zeiss Axioplan
2 microscope (ZEISS, Göttingen, Germany) with the
following filters: SP-100 DAPI, FITC MF-101 for
Spectrum Green (CEP 6 and 10) and Gold 31003
for Spectrum Orange (CEP 1, 2, and 17) from Chroma
(Chroma, Brattleboro, VT, USA). The images were
acquired with a CCD camera and analyzed with
MetaSystem Isis Software (MetaSystem, Belmont,
MA, USA). Five sequential focus stacks with 0.4 mm
intervals were acquired and then integrated into a
single image in order to reduce thickness-related
artifacts.

In Situ Hybridization Analysis

The method of analysis was described pre-
viously.16,24,25 In brief, for each slide, from 100 to
150 nuclei were scored for signals from centromeric
probes under the fluorescence microscope with
� 1000 magnification in both tumors and non-
neoplastic kidney parenchyma. Definition of chro-
mosomal gain was based on the Gaussian model and
related to the non-neoplastic controls. The cutoff
values for each probe were set at mean values plus
three standard deviations (s.d.) of the percentages of
signals in control specimens. Any tumor with
percentages of signals beyond the cutoff values
was considered to have gain or loss of specific
chromosomes.
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The distribution of signals was assessed on renal
normal parenchyma adjacent to the tumors. For
chromosomes 1, 2, 6, 10, and 17, the mean
percentages of nuclei with two hybridization signals
were, respectively, 59.4, 58.9, 62.3, 62.3, and 59.5%.
The mean percentages of nuclei with single signals
were, respectively, 37.4, 38, 35, 35.3, and 38%. The
mean percentages of nuclei with three or more
signals were, respectively, 3.2, 3.1, 2.8, 2.4, and
2.5%. The s.d. of the mean numbers of nuclei with
single signals for chromosomes 1, 2, 6, 10, and 17
were, respectively, 1.7, 1.1, 1.1, 1.3, and 0.9%. The
s.d. of the mean numbers of nuclei with three or
more signals for chromosomes 1, 2, 6, 10, and 17
were, respectively, 0.8, 0.4, 0.5, 1, and 0.5%. There-
fore, the cutoff values to determine chromosomal
losses or gains were, respectively, 42.5% for nuclei
with single signals and 5.6% for nuclei with three or
more signals for chromosome 1; 41.3 and 4.3% for
chromosome 2; 38.3 and 4.3% for chromosome 6;
39.2 and 5.4% for chromosome 10; 40.7 and 4% for
chromosome 17.

Results

Clinical Findings

All patients were male and the ages at presentation
were 44 years (case 1), 47 years (case 2), and 60 years
(case 3) (median age: 50 years). Primary kidney disease
was related to hypertension in one patient (case 1),
whereas the other two patients (cases 2 and 3) had
chronic glomerulonephritis. A history of hemodialysis
was reported for all three patients, with the duration of
96 months (case 1), 140 months (case 2), and 8 months
(case 3), respectively, before the diagnosis of renal
tumor. One patient (case 1) died of acute renal failure
34months after surgery, whereas the other two patients
(cases 2 and 3) were alive without evidence of
disease 180 and 132 months after surgery, respectively.

Pathologic Findings

Case 1 showed a single 25mm well-demarcated
pseudo-encapsulated tumor. It was composed of

Figure 1 Case 1. (a) The tumor was composed of large, eosinophilic cells arranged in a solid pattern with cribriform appearance;
(b) numerous oxalate crystals were appreciable within the tumor; (c) immunohistochemistry for AMACR showing strong, granular
cytoplasmic staining; (d) immunohistochemistry for CD10 with luminal immunoreactivity, highlighting lumen-like spaces; (e) immuno-
histochemistry for AE1/AE3 showing membranous immunostaining; (f) immunohistochemistry for CAM5.2 showing membranous
immunostaining. FISH analyses with centromeric probes showing nuclei with three hybridization signals for chromosome 1 (g),
chromosome 2 (h), and chromosome 6 (i), consistent with chromosomal gains; nuclei with two hybridization signals were observed for
chromosome 10 (j) and chromosome 17 (k).
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cells with large vesicular nuclei, prominent nucleoli
easily visible with the � 10 objective, and abundant
eosinophilic, focally coarsely granular, cytoplasm
(Figure 1). Mitotic activity was nil. The tumor
showed a solid pattern of growth. A cribriform
appearance, due to the presence of numerous large,
irregularly shaped intracytoplasmic vacuoles, was
present in some areas. Numerous calcium oxalate
crystals were present and the amount of oxalate
deposition was grade 3þ , according to the method
of a previous report.14 A few basophilic micro-
calcifications were present. The surrounding renal
parenchyma was extensively replaced by cysts lined
by cuboidal epithelium, which sometimes showed
small foci of hyperplastic and papillary changes,
typical of acquired cystic renal disease.

Case 2 showed a 15mm tumor composed pri-
marily of medium-sized cells with finely granular
eosinophilic cytoplasm. In these areas, there were
numerous large variably shaped intracytoplasmic
vacuoles, which imparted a cribriform appearance.

There were also microscopic cysts, most of which
were filled with hemorrhage. In the center of the
tumor was an area with a more solid appearance in
which the cells were larger and had cytoplasm and
prominent plasma membranes reminiscent of classic
chromophobe renal cell carcinoma. Throughout the
tumor, the nuclei were round or slightly irregular,
had nucleoli easily visible with the � 10 objective,
and lacked mitotic figures. Calcium oxalate crystals
were sparse and were graded as 1þ . The surround-
ing renal parenchyma contained numerous cysts
(Figure 2).

Case 3 showed an 8mm well-circumscribed
pseudo-encapsulated tumor with a tubulo-cystic
growth pattern, composed of cells with eosinophilic
cytoplasm and irregular nuclei, often with nucleoli
easily visible with the � 10 objective. Calcium oxa-
late deposits were also present and their amount
was graded as 1þ . The remaining non-neoplastic
parenchyma also displayed changes of acquired
cystic kidney disease (Figure 3).

Figure 2 Case 2. (a) The tumor was composed mainly of large, eosinophilic cells with a focal component of clear cells, arranged in a solid
or acinar architecture, with cribriform appearance; (b) Hale’stain showing a cytoplasmic positive reaction; (c) immunohistochemistry for
AMACR displaying strong, granular cytoplasmic staining; (d) immunohistochemistry for CD10 with luminal immunoreactivity,
highlighting lumen-like spaces; (e) immunohistochemistry for AE1/AE3 showing membranous immunostaining; (f) immunohistochem-
istry for vimentin showing cytoplasmic immunostaining. FISH analyses with centromeric probes showing nuclei with three
hybridization signals for chromosome 1 (g), chromosome 2 (h), chromosome 6 (i), and chromosome 10 (j), consistent with chromosomal
gains; nuclei with two hybridization signals were observed for chromosome 17 (k).
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Histochemical Findings

Hale’s colloidal iron stain was negative in cases 1
and 3, whereas case 2 showed diffuse cytoplasmic
staining ranging from moderate to strong.

Immunohistochemistry

The results of the immunohistochemical procedures
are summarized in Table 1.

Vimentin was expressed in case 2 with moderate
to strong intensity, and was not expressed in other
cases. CAM5.2 was positive in both case 1, mainly
with membranous staining, and case 3, with cyto-
plasmic and membranous staining, whereas case 2
was negative. AE1/AE3 was positive in all three
cases with a membranous (cases 1 and 2) or cyto-
plasmic and membranous (case 3) immunoreacti-
vity. CD10 showed a strong, diffuse immunostaining
in all the tumors, mainly with a luminal distribu-

Figure 3 Case 3. (a) The tumor was characterized by the proliferation of eosinophilic cells in a microcystic pattern; (b) focal deposition of
oxalate crystals was also observed; (c) immunohistochemistry with AMACR showed negative results; (d) immunohistochemistry for
CD10 with luminal immunoreactivity; (e) immunohistochemistry for AE1/AE3 showing cytoplasmic and membranous immunostaining;
(f) immunohistochemistry for CAM5.2 displaying mainly cytoplasmic immunostaining. FISH analyses with centromeric probes
showing nuclei with two hybridization signals for chromosome 1 (g), chromosome 2 (h), chromosome 6 (i), chromosome 10 (j), and
chromosome17 (k).

Table 1 Immunohistochemical results

Case # Antibodies

VIM CAM5.2 AE1/AE3 EMA CK7 HMWK CD10 AMACR

1 Neg Pos Pos Neg Neg Neg Pos Pos
2 Pos Neg Pos Neg Neg Neg Pos Pos
3 Neg Pos Pos Neg Neg Neg Pos Neg

AMACR, alpha-methylacyl-CoA-racemase; CK7, cytokeratin 7; EMA, epithelial membrane antigen; HMWK, high molecular weight keratin; Neg,
negative; Pos, positive; VIM: vimentin.

Renal tumors in end-stage renal disease
P Cossu-Rocca et al

784

Modern Pathology (2006) 19, 780–787



tion, sometimes highlighting the lumen-like spaces
appreciable in cases 1 and 2. AMACR was expressed
in cases 1 and 2 with a strong and diffuse granular
cytoplasmic immunostaining. EMA, CK7, and HMWK
were not expressed in any of the tumors.

Fluorescence In Situ Hybridization

The results of the FISH analyses are summarized
in Table 2. Using the criteria for chromosome
gains (see Materials and methods section), case 1
had gains of chromosomes 1, 2, and 6, whereas case
2 had gains of chromosomes 1, 2, 6, and 10. Cases 1
and 2 showed no loss of any of the chromosomes. No
chromosomal losses or gains were observed in case 3
(Figure 1).

Discussion

We analyzed three unusual eosinophilic renal epi-
thelial tumors occurring in kidneys with acquired
cystic disease. These tumors were composed of
primarily of large cells with finely granular eosino-
phlic cytoplasm arranged in solid, acinar, or micro-
cystic patterns. Two of the tumors had a distinc-
tive cribriform appearance caused by numerous
irregularly shaped vacuoles. Each tumor contained
deposits of calcium oxalate crystals. Our study
found that these tumors have immunophenotypes
and cytogenetic findings that differ from those of
the common types of renal cell neoplasia.

Although end-stage renal disease-associated
and acquired renal cystic disease-associated renal
tumors with extensive components of eosinophilic
cells have been previously reported,11,12,26,27 the

recognition of some of these tumors as distinctive
clinicopathologic entities is a recent advance.
Tickoo et al13 described in abstract form the wide
spectrum of epithelial tumors occurring in end-stage
renal disease, identifying a peculiar histological
pattern in 15 out of 32 tumors associated with
acquired cystic kidney disease. The dominant
morphologic features in these tumors, for which
Tickoo et al13 proposed the name ‘acquired cystic
kidney disease-specific renal cell carcinomas’, in-
cluded solid, cribriform, or papillary architecture,
composed mainly of eosinophilic cells (sometimes
with a small component of cells with pale or clear
cytoplasm) and calcium oxalate crystal deposition
within the tumors. Recently, Sule et al14 reported
a series of seven tumors characterized by variable
deposition of calcium oxalate crystals in five
patients with acquired cystic disease, identifying
them as neoplasms with ‘oxalate’ phenotype, which
shared distinctive cytologic and histologic features
including eosinophilic cytoplasm, large nuclei
with prominent nucleoli, and variable patterns of
growth including papillary, tubulocystic, solid, and
cribriform. The tumors we investigated share mor-
phologic similarities with the cases previously des-
cribed in association with acquired cystic disease,
including the presence of calcium oxalate crystals.
Calcium oxalate crystals may be a unique feature
of these tumors, as they have not been observed in
sporadic renal epithelial tumors.11,13,14,28 The role
of the calcium oxalate crystals in the development
of renal cell tumors in the context of acquired cystic
disease of kidney is uncertain.11,14,29

Immunohistochemical studies on acquired cystic
disease-associated renal tumors are few, and mostly

Table 2 Fluorescence in situ hybridization results

Case # Chromosome 1 Chromosome 2

1 signal (%) 2 signals (%) Z3 signals (%) 1 signal (%) 2 signals (%) Z3 signals (%)

1 30.2 62.9 6.9 40.7 54.1 5.2
2 38.0 55.7 6.3 32.9 59.9 7.2
3 34.6 60.6 4.8 39.3 57.1 3.6

Case # Chromosome 6 Chromosome 10

1 signal (%) 2 signals (%) Z3 signals (%) 1 signal (%) 2 signals (%) Z3 signals (%)

1 31.7 55.2 13.1 36.3 57.3 3.2
2 35.0 54.1 10.9 27.9 62.8 9.3
3 37.0 59.3 3.7 32.5 64.0 3.5

Case # Chromosome 17

1 signal (%) 2 signals (%) Z3 signals (%)

1 37.8 58.4 3.8
2 31.2 65.2 3.6
3 36.9 59.6 3.5
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limited to the common types: clear-cell renal carci-
nomas and papillary renal cell carcinomas.7,8 Sule
et al14 analyzed seven eosinophilic epithelial tumors
with intratumoral oxalate crystals, associated with
acquired cystic kidney disease, with antibodies for
RCC marker, CD10, epithelial membrane antigen,
high molecular weight cytokeratin, and a kidney-
specific cadherin, demonstrating that all the neo-
plasms shared a similar immunophenotype, namely
strong reactions for RCC marker and CD10, whereas
the reactions for EMA, HMWK, and kidney-specific
cadherin were weak and focal. In our study, we
performed immunohistochemical analyses with
antibodies against cytokeratins (CAM5.2, AE1/AE3,
EMA, CK7, and HMWK), vimentin, CD10, and
AMACR. We found that all tumors had diffuse
immunoreactivity for AE1/AE3 and CD10, whereas
AMACR was strongly positive only in tumors with
solid or acinar architecture and cribriform features
(cases 1 and 2). Two tumors (cases 1 and 3) also
showed positive reactions for CAM5.2, whereas
vimentin was positive only in one case (case 2).
EMA, CK7, and HMWK were negative in all three
tumors. One tumor (case 2) also showed strong
Hale’s colloidal iron staining.

Genetic analyses of acquired cystic disease-asso-
ciated renal tumors are scarce, and almost entirely
have been studies of the common renal cell carci-
nomas.5,12,26,27,30–32 Tickoo et al13 reported FISH
analyses for von Hippel Lindau (VHL) gene and
chromosomes 7 and 17 on 43 tumors arising in
patients with end-stage renal disease, among which
15 occurred in kidneys with acquired renal cystic
disease. The authors found that the tumors in
kidneys with acquired cystic kidney disease had no
VHL gene deletions, whereas the gains of chromo-
somes 7 and 17 were observed. Recently, O’Reilly
et al33 described in abstract form FISH analyses with
centromeric probes for chromosomes 1, 3, 7, and 17
on 10 tumors arising in end-stage renal disease,
among which two acquired cystic kidney disease-
associated tumors were included. They found that
both tumors were disomic for chromosomes 1 and 3,
whereas one had loss of chromosome 7 and the other
showed loss of chromosome 17. Our FISH analysis
demonstrated that the three tumors included in this
study did not show any chromosomal losses for
chromosomes 1, 2, 6, 10, or 17, whereas the two
tumors with solid growth patterns punctuated by
vacuoles giving a cribriform appearance had gains of
multiple chromosomes: chromosomes 1, 2, and 6 in
case 1 and chromosomes 1, 2, 6, and 10 in case 2.
Our data suggest that these tumors have a distinctive
genetic profile, and show that these tumors do not
have the multiple chromosomal losses that are
typical of chromophobe renal cell carcinomas, nor
the loss of chromosome 1 found in approximately
10% of renal oncocytomas.16–20 As the differential
diagnosis of renal epithelial tumors with abundant
eosinophilic cytoplasm includes the eosinophilic
variant of chromophobe renal cell carcinoma and

renal oncocytoma, FISH analyses could contribute to
rendering an accurate diagnosis of histologically
challenging cases in this setting.

In conclusion, our study demonstrated that
acquired cystic disease-associated eosinophilic
renal tumors show peculiar immunophenotypes
that differ from those of the common renal cell
neoplasms. Our FISH analyses demonstrated that
these tumors did not show any of the chromosomal
losses that are typical of the eosinophilic variants
of chromophobe renal cell carcinomas. Gains of
chromosomes 1, 2, and 6 were present in two of the
three tumors. Our data support the concept that
these tumors are a distinctive clinicopathologic
entity in the spectrum of renal cell neoplasms.
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