
Summary, Emperipolesis has recently been described as
a constant feature of “biphasic squamoid” papillary renal
cell carcinoma (BPRCC). We also noticed this in some
high-grade (HG) RCC, which promoted the present
study to estimate the incidence of emperipolesis in RCCs
and to describe them in further detail.

14 cases of HGRCC showing emperipolesis were
retrieved from our registry. Microscopic examination of
filed slides was supplemented with immunohisto-
chemical and molecular-genetic analyses using paraffin
embedded tissue.

12 of 14 patients were males with a mean age of
58.6 years (range 41-72 years). Tumor size ranged from
6-16.5 cm (mean of 8.8 cm). Follow up data were
available for 8/14 patients (range 0.5-10 years).
Metastases were documented in 6 cases. All tumors
showed solid-alveolar growth patterns with focal
pseudopapillary features, and were composed of large
cells with bizarre nuclei and eosinophilic rhabdoid-like
cytoplasm. Emperipolesis was a constant and prominent
feature in large bizarre cells. All cases were positive for

OSCAR, CANH 9, vimentin, cyclin D1, INI-1, and
myoD1, while negative for melanocytic markers, CK 7,
myoglobin, cathepsin K, and TFE3. VHL gene
abnormalities were found in 6/9 analyzable cases, of
which 2 demonstrated polysomy of chromosomes 7, 17.

Emperipolesis is a rare histomorphologic feature
which can be seen not only in BPRCCs but also in
highgrade CCRCCs. All RCC cases with prominent
emperipolesis fulfilled both morphologic and
immunohistochemical diagnostic criteria of high-grade
CCRCC. The majority of patients with available follow
up information developed metastases. 
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Introduction

Emperipolesis is defined as the presence of an intact
cell within the cytoplasm of another cell. Rosai-Dorfman
disease is the prototypic example of a pathologic
condition for which emperipolesis is a prominent
morphologic feature (Foucar et al., 1990). In studies of
renal tumors, emperipolesis has been mentioned rather
rarely and is considered a highly unusual phenomenon.

Emperipolesis has recently been described as a
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constant feature of “biphasic squamoid” papillary renal
cell carcinoma (BPRCC) (Petersson et al., 2012; Hes et
al., 2016). Interestingly, it is always seen in the high
grade component of these tumors. Emperipolesis has
also been reported in series of clear cell renal cell
carcinomas with multinucleated syncytial-type giant
cells (Williamson et al., 2014). We thus hypothesized
that emperipolesis might be a feature of high grade renal
tumors.

The aim of this study was to estimate the incidence
of emperipolesis in RCCs, and to describe this
phenomenon in greater detail using morphological,
immunohistochemical and molecular genetic analyses.
Materials and methods

Study design was approved by local ethical committee
(Medical School Plzen, Charles University).

The Plzen Tumor Registry, including approximately
20,000 renal tumors and pseudotumors was
electronically searched using key words “renal cell”,
“kidney”, “carcinoma”, “oncocytoma”, “giant cells”,
“bizarre cells”, and “emperipolesis”. 65 cases met the
search criteria, of which 14 cases of RCCs were found to
have bizarre giant cells and emperipolesis. It should be
noted that 26 cases of BPRCC were also identified in
this search and were subsequently excluded from the
study, given they were previously described in detail in
other studies (Petersson et al., 2012, Hes et al., 2016).

Tissue for light microscopy was fixed in 10%
buffered formalin, and embedded in paraffin using
routine procedure. 4-5 µm thin sections were cut and
stained with Hematoxylin and Eosin (H&E). Overall, 1-
7 paraffin blocks were available for each case. All
tumors were independently reviewed by two pathologists
(P.R. and O.H.). Clinicopathological and follow-up data
were collected using chart review at the participating
institutions. Selected tissue blocks were further analyzed
using immunohistochemistry, and molecular genetic
methods.
Immunohistochemistry

The immunohistochemical study was performed
using a Ventana Benchmark XT automated immuno-
stainer (Ventana Medical System, Inc., Tucson, AZ,
USA) on formalin fixed, paraffin embedded tissue. The
following primary antibodies were employed:
cytokeratins: CK 7 (OV-TL12/30, monoclonal,
DakoCytomation, Glostrup, Denmark, 1:200), OSCAR
(OSCAR, Covance, Herts, UK, 1:500), CAM5.2
(Ventana, RTU), AE1-AE3, monoclonal, BioGenex, San
Ramon, CA, 1:1000), racemase/AMACR (P504S,
monoclonal, Zeta, Sierra Madre, CA, 1:50), vimentin
(D9, monoclonal, NeoMarkers, Westinghouse, CA,
1:1000), MART-1/melan A (A103, Ventana, RTU), anti-
melanosome (HMB45, monoclonal, DakoCytomation,
1:200), Ki-67 (MIB1, monoclonal, Dako, Glostrup,

Denmark, 1:1000), p53 (D-07, Ventana, RTU), human
choriogonadotropin (polyclonal, Dako, 1:10000),
myoglobin (polyclonal, ThermoScientific, Fremont, CA,
1:1000), MyoD1 (EP212, monoclonal, Cell Marque,
Rocklin, CA, 1:50), INI-1 (MRQ-27 monoclonal,
Ventana, RTU), cyclin D1 (SP4-R, monoclonal, Cell
Marque, Rocklin, CA, 1:100), (polyclonal, NeoMarkers,
Fremont, CA, 1:100), carbonic anhydrase 9 (rhCA9,
monoclonal, RD systems, Abingdon, GB, 1:100), TFE3
(polyclonal, Abcam, 1:100), cathepsin K (3F9,
monoclonal, Abcam, Cambridge, GB, 1:100), desmin
(D33, monoclonal, Dako, 1:100), CD68 (KP1
monoclonal, Dako-Cytomation, 1:200). The primary
antibodies were visualized using the supersensitive
streptavidin-biotin-peroxidase complex (BioGenex).
Appropriate positive controls were employed.
Molecular genetic analysis

Material used for molecular genetic analysis was
formalin-fixed paraffin-embedded. Areas with bizarre
cells showing emperipolesis were precisely identified
and cut out from the tissue block using macrodissection.
Low-grade areas composed of “classic” clear cell
elements were not analyzed. DNA extraction, mutational
analysis of VHL gene, detection of loss of heterozygosity
of chromosome 3p, and hypermethylation of VHL gene
were performed using methods described in a previous
study (Ulamec et al., 2016) . Chromosomes 7, 9, 14, 15,
and 17 were enumerated using fluorescent in-situ
hybridization according to protocols reported previously
(Sperga et al., 2013).
Array Comparative Genomic Hybridization (aCGH)

Microarray processing: Only samples meeting the
required DNA quality (amplifiable fragment at least 400
base pairs long) were tested by aCGH. A SurePrint G3
Human CGH Microarray Kit, 8x60K (Agilent
Technologies, CA, USA) with overall median probe
spacing of 41 kilo bases was used for analysis. First, 400
ng of DNA was labeled using the SureTag Complete
DNA Labeling Kit (Agilent). The procedure included
Cy3 labeling of a test sample and Cy5 labeling of a
reference sample. Commercially produced MegaPool
Reference DNA Female (Kreatech Diagnostics,
Amsterdam, Netherlands) was used as a reference
material. The labeled specimens were mixed, dried and
hybridized overnight at 47°C using Arrayit hybridization
cassette (Arrayit Corporation, California, U.S.A.). Post-
hybridization washing was done using SSC buffers with
increasing stringency. Dried microarray was scanned
with InnoScan 900 (Innopsys, France) at a resolution of
5 μm.

Image and Data analysis: Scanned images were
analyzed and quantified by the Feature Extraction for
CytoGenomics software (Agilent). Intensity values for
each Cy5 and Cy3 labeled spot on the array were
generated according an appropriate grid template in a
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xml file. Minimum average absolute log ratio for
deletion and amplification was set to more than 0.25. All
genomic coordinates used for annotation are based on
the March 2009 assembly of the reference genome
GRCh37.
Results

Table 1 presents clinical information on 14 patients
including 12 males and 2 females. Patient’s age ranged
from 41 to 72 years (mean 58.6, median 60 years).
Tumor size varied from 6 to 16.5 cm (mean 8.8, median
6.5 cm). Follow up data (0.5-10 years, mean 4.3, median
10 years) were available in 8 of 14 patients. Metastases

were documented in 6 cases. Four patients died of
disease (0.5-10 years after diagnosis). One patient is
alive with stable metastases to the lung 7 years post-
surgery and one patient is alive 0.5 year after
nephrectomy. 

Gross description was available in 11/14 cases,
showing non-capsulated tumors, mostly lobulated with
tan to gray cut surface (Fig. 1). Necrotic areas were
present in 6/11 cases.

Microscopically, all tumors showed solid-alveolar
growth pattern with focal pseudopapillary features (Fig.
2). Foci of hemorrhage and necrosis were frequently
encountered. The tumors were mostly composed of
neoplastic cells with eosinophilic granular cytoplasm.
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Fig. 1. Tumors were non-capsulated, mostly lobulated with tan to gray
cut surface (case 4) and with grossly visible angioinvasion.

Fig. 2. Tumor with solid alveolar architecture composed of large clear to
weakly eosinophilic high grade cells with scattered population of large
bizarre multinucleated cells. x 40.

Table 1. Basic clinicopathological data.

Case Sex (years) Age Size (cm) Grade (ISUP) Follow up (years)

1 M 69 6cm 4 ND
2 M 55 7.5x7x7 4 DOD 1.5, meta lung, liver
3 M 41 16.5x14.5x9 4 AW 0.5 Meta reg lymph nodes *-
4 M 60 8.5x4.5x4 2,4 AW 1 
5 M 72 UNK 4 ND
6 F 52 9x6.5x6.5 4 Meta lung, kidney, liver, spleen, adrenals, DOD 2 *
7 M 60 9.5x6.5x8 4 Meta lung, AWD 7 
8 M 62 Diam 7 4 ND
9 F 61 6x3.5x4.5 4 ND

10 M 64 13x10x10 4 Intrarenal meta, DOD 0.5 
11 M 68 Diam 6.5 4 ND
12 M 54 Diam 6 4 Meta bone** DOD 10 
13 M 51 Diam 10 4 AW 9 
14 M 52 7.5x8.5x5 4 AW 7 

M, male; F, female; Diam, diameter; Meta, metastasis; reg, regional; *, treated by Atzpodien protocol; **, treated by actinotherapy; *-, at the time of
surgery; AW, alive and well; DOD, death of disease; AWD, alive with disease; ND, follow up not documented.



Focally, smaller areas with clear cell elements were also
noted (Fig. 3). In clear cells, numerous so-called glassy
hyaline globules were seen (Fig. 4). This component was
considered as low-grade clear cell RCC, which
constituted less than 10% of tumor volume. In all cases,
the tumor cells, at least focally, showed rhabdoid-like
cytoplasmic changes. These cells had prominent nuclei
with nucleoli and were considered as grade 4 (ISUP
grading system). Large cells with bizarre nuclei (grade
4) and eosinophilic cytoplasm were also present in all
cases (Fig. 5). These cells were characterized by
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Fig. 3. Smaller areas with clear cell elements were present as well as
areas with large bizarre pleomorphic cells with emperipolesis. x 100.

Fig. 4. So-called glassy hyaline globules are believed to be
characteristic for clear cell RCC. x 200.

Fig. 5. Large high grade eosinophilic cells without emperipolesis. x 200.

Fig. 6. Bizarre cells characterized by voluminous cytoplasm, numerous
nuclei and presence of emperipolesis. x 200.



voluminous cytoplasm with vacuoles, mostly numerous
nuclei, and presence of emperipolesis (Fig. 6). Nuclei
were arranged either at the periphery or centrally within
the cell. Some large cells contained a single large
nucleus with pink inclusion-like nucleolus (Fig. 7A,B).
Lymphoid infiltrate was seen focally within neoplastic
stroma. Mitotic figures including atypical mitoses were
easily identified within high grade components.

The results of immunohistochemical examination
are summarized in Table 2. All cases were positive for
OSCAR, carbonic anhydrase 9 (CANH 9), vimentin,
cyclin D1, INI-1, myoD1. Tumors were completely

negative for melanocytic markers (Melan A, HMB45),
CK 7, myoglobin, cathepsin K, and TFE3. 

Cytokeratins (OSCAR, AE1-AE3) and CANH 9
were variably positive, with most intense staining in well
differentiated areas, while weakly positive in large giant
cells and in the neoplastic cells with rhabdoid-like
features (Fig.  8). Large syncytial cells were positive
mostly for cytokeratin OSCAR, while focally positive
for CD68 (8/14) and negative for human
choriogonadotropin. INI-1 was positive both in low-
grade neoplastic elements, and in high-grade large
bizarre cells. MyoD1 were only positive in rhabdoid-like
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Table 2. Results of immunohistochemical examination.

AE1-3 CAM CK7 OSC CANH P53 Melan HMB hCG CD68* TFE cath myogl desm vim cyclin M Cyclin P myo INI

1 ++ - - +++ ++ mem, cyto 10% - - - Foc + - - - - +++ ++ ++ + +++
2 Foc ++ Foc + - +++ ++ mem, cyto - - - - Foc + - - - - +++ +++ +++ ++ ++
3 - Foc ++ - Foc++ +++ - - - - Foc + - - - - +++ +++ (HG area) - +++ +++
4 - + - +++ +++ - - - - Foc + - - - - +++ ++ + + ++
5 - - - ++ +++ 10% - - - - - - - - +++ +++ +++ ++ ++
6 - - - Foc+++ ++ mem, cyto 20% - - - Foc + - - - - +++ +++ +++ Diff ++ +++
7 - - Foc ++ +++ +++ mem, cyto SC - - - - - Foc++ - - +++ +++ +++ ++ +++
8 ++ - - +++ +++ mem, cyto - - - - - - - - - +++ - + - ++
9 - - - Foc ++ +++ mem, cyto 15% - - - Foc + - - - - +++ +++ ++ ++ ++

10 Foc++ Foc++ Foc++ +++ +++ mem, cyto SC - - - Foc + - - - - +++ ++ ++ ++ +++
11 - - - ++ foc+++ +++ mem, cyto - - - - Foc + - - - - +++ +++ +++ + +++
12 - - - ++ +++ mem, cyto - - - - - - - Dot like foc - +++ +++ +++ + +++
13 - - - Dif + foc++ +++ 70% - - - - - - - - +++ +++ +++ + ++
14 - Foc + - Dif +Foc +++ Dif +++ SC - - - - - - - +++ +++ +++ ++ +++

AE1-3 CAM CK7 OSC CANH P53 Melan HMB hCG CD68 TFE cath myogl desm vim cyclin M Cyclin P myo INI

SC, single cells; Foc, focal (less than 50%); Dif, diffuse (more then 50%); mem, membranous positivity; cyto, cytoplasmic positivity; -, negative; +, weak
positivity; ++, moderate positivity; +++, strong positivity; *, syncytial cells; CAM, cytokeratin CAM 5.2; OSC, cytokeratin OSCAR; CANH, carbonic
anhydrase 9; Melan, Melan A; HMB, HMB45; hCG, human choriogonadotropin; TFE, TFE3; cath, cathepsin K; myogl, myoglobin; desm, desmin; vim,
vimentin; cyclin M, cyclin D1-monoclonal antibody; Cyclin P, cyclin D1-polyclonal antibody; myo, myoD1; INI, INI-1.

Fig. 7. A, B. Nucleolar inclusions present in some cells showing prominent emperipolesis. x 200.



cells. No low-grade elements were positive for MyoD1.
Cyclin D1 highlighted mostly large syncytial cells with
emperipolesis (however, positivity was also noted in
cells without emperipolesis) (Fig.  9). 

The results of molecular genetic analyses are
summarized in Tables 3 and 4. Aneuploidies of
chromosomes 7, 9, 14, 15, and 17 were tested in 10
cases. Four cases had sufficient quality to be examined

for copy number variations (CNV) across the whole
genome using aCGH. Three cases showed complex
CNVs repeatedly including chromosomes 1, 8, 9, and 14
(Fig. 10). A detailed list of detected CNVs is shown in
Table 4. Overall multiple losses (n=15) and gains (n=9)
were found in parts or whole chromosomes out of 107
chromosomes tested. Most losses were detected in
chromosome 9. Two cases showed gains in
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Table 3. Molecular-genetic analysis.

Case Enu 7 Enu 9 Enu 14 Enu 15 Enu 17 #chr with CNV by aCGH L3p VHL VHLM

1 D M M D D -1, -9, +12, -14, -19, -22 - - -
2 D P D NA D NA NA NA NA
3 D M D D D -1, +1, +3, +5,-5, +8,-9, -13 + + -
4 P D D D P NA + - -
5 NA NA NA NA NA NA NA NA NA
6 NA NA NA NA NA NA NA NA NA
7 D D D NA D NA NA + -
8 D M M M D -1, -4, -8, -9, -14, -15, -18 + + -
9 NA M NA NA NA NA + + -

10 NA NA NA NA NA NA NA NA NA
11 NA NA NA NA NA NA NA NA NA
12 P NA P NA P NA + - -
13 D D D D D No changes - - -
14 D D NA NA NA NA - - -

Enu, chromosome enumeration FISH analysis; #chr with CNV by aCGH, list of chromosome numbers with copy number variations detected by aCGH
(+=gain, -=loss, details in Table 4); L3p, loss of heterozygosity of chromosome 3p; VHL, mutation in VHL gene; VHLM, methylation status of VHL gene;
D, disomy; M, monosomy; P, polysomy; +, present; -, absent; NA, non analyzable.

Table 4. Detailed list of CNVs detected using aCGH analysis.

case # # chr ISCN Hg19 log ratio p-value CNV type

1 1 p36.33p35.1 759762-33607663 -0,304 3,412E-314 loss
9 p24.3p13.1 271257-38490834 -0,274 2,11E-12 loss
9 q21.11q34.13 71035346-135813928 -0,265 3,53E-11 loss

12 q12q15 39268243-71002905 0,285 4,85E-292 gain
14 p12q32.31 101028367-102000547 -0,531 3,85E-11 loss

3 1 p31.1p12 72207033-120185492 -0,266 1,81E-40 loss
1 q21.1q44 144988715-249212668 0,272 4,900E-324 gain
3 p14.3p11.1 56652175-90254062 0,555 4,900E-324 gain
5 p15.33p11 207981-46100367 0,342 4,677E-319 gain
5 q11.1q21.3 49690172-104823961 -0,292 0,00E+00 loss
8 q11.1q24.3 47681335-146157954 0,306 4,900E-324 gain
9 p24.1p23 8935512-9872132 -0,657 1,83E-36 loss
9 p21.3 21978346-22241139 -0,586 4,94E-20 loss

13 q11q34 19296544-114490071 -0,274 4,900E-324 loss
8 1 p36.33p34.3 2281640-38688668 -0,435 4,900E-324 loss

4 q13.1q35.2 64967429-190767114 -0,405 4,900E-324 loss
8 p23.3p11.1 221611-43333638 -0,414 4,900E-324 loss
9 p24.3p13.1 271257-38490834 -0,458 4,900E-324 loss
9 q21.11q34.13 71035346-135813928 -1,076 4,900E-324 loss
9 p21.3 21805270-22416608 -0,420 6,70E-24 loss

14 q11.2q32.33 20253739-107258824 -0,437 4,900E-324 loss
15 q11.1q26.3 20603042-102465355 -0,283 4,900E-324 loss
18 q11.1q23 18620055-77982126 -0,416 4,900E-324 loss

ISCN, cytological band description; Hg 19, chromosomal position based on Hg19 assembly; log ratio, average absolute log ratio; p-value, log likelihood
that the called copy number state is not normal ploidy; chr, chromosome; CNV, copy number variation.



chromosomes 7 and 17 and in other cases several gains
were found in chromosomes 3, 8, 9, and 14. VHL gene
abnormalities were found in 6/9 analyzable cases. Two
of the cases showing LOH3p also had gains in
chromosomes 7 and 17.
Discussion

Emperipolesis is an unusual phenomenon known to
occur in several diseases, including Rosai-Dorfman
disease as a hallmark morphologic feature. This can also
be seen in myeloproliferative disorders such as myeloid
leukaemia, Hodgkin lymphoma and also in non-
hematological malignancies and non-neoplastic
conditions (Foucar et al., 1990; Nishie et al., 2006; Wang
et al., 2014). 

A cell engulfing another cell (so-called cellular
cannibalism), in general, is a phenomenon observed in
both benign and malignant neoplasms including breast
carcinoma, giant cell carcinoma of lung, malignant
melanoma, gastric adenocarcinoma, giant-cell tumor of
the tendon sheath, gallbladder carcinoma, giant cell
granuloma of the oral cavity, and oral squamous cell
carcinoma (Jain, 2015). However, such a phenomenon is
an exceedingly rare and unusual finding in renal
neoplasms. 

Emperipolesis in RCC was initially published in a
case report (Shen and Wen, 2004), describing an
aggressive clear cell renal cell carcinoma (CCRCC) with
syncytial giant cells, and subsequently reported in a large
series of 13 CCRCCs with syncytial cells and
emperipolesis. In this tumor type, emperipolesis was
present within large histiocytic-like giant cells with
multiple or single nuclei and voluminous, finely granular
cytoplasm (Shen and Wen, 2004; Williamson et al.,

2014).
Histiocytic-like giant cells with syncytial

(multinucleated) morphology have been described in few
cases of mostly low-grade CCRCC. However,
emperipolesis has never been documented in these
papers (Lloreta et al., 2002; Berzal Cantalejo et al.,
2004).

Another renal tumor type showing emperipolesis is
BPRCC, which is believed to be a peculiar variant of
papillary RCC. In these tumors, emperipolesis is present
within large cells resembling squamoid cells, however
their squamous origin has never been fully proven
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Fig. 8. All cases showed membranous positivity for carbonic anhydrase
9 (CANH 9).  x 100.

Fig. 9. A, B. Cyclin D1 nuclear positivity was noted in all 14 cases in large bizarre cells and also in smaller cells without emperipolesis. Scanning
magnification (A), detailed view (B). A, x 100; B, x 400.
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Fig. 11. ArrayCGH analysis in case 3 showed -1p, +1q, +3p14-p11, -5q111-q21, +8q, -13. LOH 3p and mutated VHL gene were also found in this case.

Fig. 10. CD68 was positive in large bizarre cells with emperipolesis.
Positivity was strong and mostly cytoplasmic. x 200.

(Petersson et al., 2012; Hes et al., 2016). The real nature
of these cells is enigmatic, given renal neoplasms or
even normal renal tissue do not contain squamous cells.
It should be noted that squamoid cells differed from
giant syncytial multinucleated cells described in
CCRCC. 

BPRCCs are characterized by a dual morphology
and constant presence of emperipolesis. They show a
solid to alveolar growth pattern. The dual morphology is
composed of small cells similar to that seen in type 1
PRCC and larger high grade cells resembling squamous
cells, which show emperipolesis. Tumors mostly
displayed more or less prominent papillary component,
sometimes with abrupt border to typical BPRCC (Hes et
al., 2016). BPRCC are different from the subset of
tumors included into the current study, hence no true
papillary architectural pattern was seen in our series.
Further, molecular genetic characteristics were different
than those reported in BPRCC.

In this study, we attempted to estimate the frequency
of emperipolesis in renal tumors and also to map the
spectrum of the tumors manifesting such a morphologic
feature. The estimated frequency was below 0.1% in all
tumors from our registry. These tumors fell into two
distinct RCC subtypes: BPRCCs (n=23) and high-grade
CCRCCs (n=14). In all cases, emperipolesis did not
seem to be restricted to syncytial giant cells, but was
also present within large squamoid cells (in BPRCC).
Nonetheless, in both tumor types emperipolesis occurred
only within the high-grade component (no emperipolesis
was found within low-grade neoplastic cells in either
tumor types). In estimating the frequency of
emperipolesis, we actively searched the tumor registry
for all RCC cases with large giant bizarre cells. Yet we
recognize that there might have been some RCCs with
emperipolesis that were not recorded and ultimately
captured through the search, although a unlikely
possibility.



There were several unusual clinical aspects noted in
this study including a high male predominance gender in
our cases (12/14 cases). Similar distribution with male
predominance was also reported in series of Williamson
et al. (M:F=8:5) (Williamson et al., 2014). In this study
we also documented an aggressive clinical behavior
including 6 of 8 patients with known follow-up
succumbed to metastatic disease (4/6 patients died of
generalized dissemination of the tumor). However,
aggressive clinical behavior as well as male
predominance may reflect just high-grade and high-stage
of examined tumors instead of emperipolesis. On the
other hand, emperipolesis was always associated with
high-grade areas and it was not found in low-grade
areas.

In our series, we were able to find areas of typical
“conventional” clear cell RCC merging with high-grade
areas with bizarre cells. Glassy hyaline globules, which
are considered rather typical for CCRCC, were present
in such high-grade clear cells (Hes et al., 1998). No
emperipolesis was found within low-grade component.
Further, the immunoprofile was consistent with the
diagnosis of high-grade CCRCC. 

In this study, cyclin D1 immunostaining proved to
be helpful in identifying neoplastic cells with
emperipolesis. It should be noted that we, however,
found such positivity in large bizarre cells without
visible emperipolesis. Cyclin D1/PRAD 1, a cell cycle-
related gene mapped to chromosome 11q13, has been
found to be amplified in some breast cancers, certain
squamous cell carcinomas of the head and neck,
esophagus, several different lymphomas, and
myxoinflammatory fibroblastic sarcomas. (Zhang et al.,
1994; Michal et al., 2015). Expression of cyclin D1 in
RCCs has only recently been studied by Leroy et al.,
who described overexpression of cyclin D1 in clear cell
papillary RCC (Leroy et al., 2014). Lima et al.,
investigated the prognostic significance of cyclin D1
expression in RCCs and concluded that high expression
is associated with favorable prognosis (Lima et al.,
2014). However, based on our findings, all tumors were
high-grade CCRCC with bizarre cells showing cyclin D1
immunoreactivity, which were not associated with
favorable biologic behavior. It should be noted that
cyclin D1 positivity is one of the characteristic features
of BPRCC, although it is not a specific diagnostic
marker for these tumors.

An interesting phenomenon found in this study was
CD68 positivity of large bizarre syncytial neoplastic
cells. This was also reported earlier as a feature of
emperipolesis by Williamson et al. (2014). Of note,
CD68, a histiocytic marker, can also be positive in
epithelial cells. In RCCs an identical finding was
described by Petersson et al., where CD68 positive cells
were apparently epithelial in origin and were part of a
neoplastic cell population of unusual papillary RCCs.
CD68 can be present in all cell types rich in lyso-
/endosomes and is not restricted to macrophages
(Petersson et al., 2014). 

All our cases displayed high grade morphologic
features with rhabdoid/rhabdoid-like differentiation.
Cells with so-called rhabdoid features in RCCs are
usually defined as large epithelioid cells with large
eccentric and vesicular nuclei and large paranuclear
intracytoplasmic hyaline globules (Leroy et al., 2007;
Sugimoto et al., 2016). According to some authors, these
cells are distinct from so-called "rhabdoid-like" cells
with large eccentric nucleolus and abundant eosinophilic
cytoplasm without paranuclear globules that are usually
seen in areas marked by discohesive growth. We noticed
both cell types in our cases but we were not able to
separate tumors with rhabdoid features from tumors with
so-called “rhabdoid-like” only features (Sugimoto et al.,
2016). It should be noted that we did not histologically
identify any cross striations usually seen in neoplastic
cells with “rhabdoid” differentiation. Further, the
immunoprofile of these cells (i.e., desmin, myoglobin,
MyoD1, and INI-1) was rather variable. Overall, we
believe that finding of such cells may be related to
morphologic variability of high-grade CCRCC rather
than true rhabdoid differentiation.

INI1 immunoreactivity is absent in some primary
rhabdoid tumors, such as pediatric rhabdoids tumors and
rhabdoid tumors of the kidney. Medullary renal
carcinoma is another example of renal tumors for which
INI1 is referred as negative (Cheng et al., 2008).
Overall, we believe that it would be difficult and rather
inaccurate to use this marker as further evidence for
rhabdoid or rhabdoid-like morphology in obvious RCCs.

The results of VHL gene analyses (mutation,
LOH3p, methylation status of VHL gene) were in
concordance with morphologic diagnosis of CCRCC.
Six of 9 analyzable tumors showed VHL gene
abnormalities. Interestingly, in 2 cases with LOH3p,
polysomy of chromosomes 7 and 17, a hallmark of
PRCC, was also found. Such cases with LOH3p,
polysomy of chromosomes 7 and 17 may display an
aberrant chromosomal numerical aberration pattern
within CCRCC group (Petersson et al., 2013). The other
interesting molecular-genetics finding was the fact that
in two cases tested positive for LOH3p, aCGH deletion
including the VHL locus 3p25.3 was not found. This can
be explained by copy neutral loss of heterozygosity
described as prevalent in CCRCC (Brugarolas, 2014).
Four cases showed chromosome 9 losses, three of which
were confirmed by aCGH to affect locus of the tumor
suppressor CDKN2A (case 8 could be bi allelic loss).
Small deleted regions including CDKN2A were found to
be prevalent (53%) in a subset of CCRCCs in a large
study by the Cancer Genome Atlas consortium in 2013.
Overall, the diversity of detected molecular genetic
features in our series is consistent with the prevalent
CCRCC genetic patterns as they are described in large
studies (Dordevic et al., 2012; Moore et al., 2012).
Similar genetic heterogeneity has also been described in
other RCC subtypes (Cancer Genome Atlas Research
Network, 2016).

We believe it may not be possible to consider the
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presence of emperipolesis as an independent prognostic
feature in RCCs. First, the number of cases in our series
is too small for statistically meaningful conclusion.
Secondly, we did not have available low-grade CCRCC
cases with emperipolesis to be included in the study for
comparison purposes. Thus, the presence of
emperipolesis within high-grade CCRCC seems to only
illustrate another aspect of morphologic variability in
high-grade RCCs. In other words, the aggressive
behavior of such tumors may not be attributed to the
presence of emperipolesis.

From a practical point of view, it is crucial to
consider urothelial carcinoma (UC) as a mimicker and
potential differential diagnosis in the settings of RCCs
with emperipolesis. UC may well demonstrate several
variable morphologic variants. UC with giant bizarre
cells has been well known for years (Moch et al., 2016).
There are several variations on this morphologic pattern,
of which UC with syncytiotrophoblastic cells is worth
mentioning. These tumors can be positive for human
choriogonadotropin (hCG), although hCG negative UC
with giant osteoclast-like cells, strongly resembling
syncytiotrophoblastic cells, are also mentioned in the
literature (Amin, 2009). We did not see any morphologic
features or immunophenotypes similar to urothelial
differentiation in our cases. Moreover, none of the
tumors in our series showed any relation to urothelium,
and further, they were negative for CK7 and positive
(among other markers) for vimentin. Also, abnormalities
in VHL gene would be quite an unusual feature for UC.

Another renal tumor which may be composed of
large bizarre cells is RCC with sarcomatoid
differentiation. It is possible to find unusual epithelial or
epithelioid morphology within both epithelial and even
sarcomatoid components (de Peralta-Venturina et al.,
2001). We did not find true sarcomatoid differentiation
within our tumors and all bizarre large cells with
emperipolesis were of epithelial origin.

Rosai Dorfman disease is characterized by the
presence of numerous histiocytic cells with large
vesicular nuclei and abundant clear or weakly
eosinophilic cytoplasm. Emperipolesis is almost
exclusively found in these large cells (Foucar et al.,
1990). Rosai Dorfman disease is mostly known to occur
in lymph nodes, although it may also involve extranodal
organs. A series of cases from the kidney and testis have
recently been published (Wang et al., 2014). It should be
noted that the large histiocytic cells with emperipolesis
were very similar to those described in our cases. The
majority of the lesions were composed of obviously
epithelial renal cell carcinoma and large bizarre cells
formed only a minor part of the tumor. 
Conclusions

Emperipolesis is a rare histomorphologic feature
which can be seen not only in BPRCCs but also in other
RCCs, mostly high-grade CCRCCs. All RCC cases in
this study with prominent emperipolesis fulfilled both

morphologic and immunohistochemical diagnostic
criteria of high-grade CCRCC, yet 2 tumors had the
molecular-genetic features of both CCRCC and PRCC.
Metastases were documented in 6/8 cases with available
follow up information. We believe it would be very
challenging to estimate the true incidence of RCCs with
emperipolesis, but based on our tumor registry data, it
seems that the incidence is somewhat below 0.1%.
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