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Summary. In recent years, the concept of chromophobe
renal cell carcinoma (RCC) has been established.
Chromophobe RCCs account for about 4-6% of all renal
tumors. Macroscopically, the cut surface of the tumor is
generally grey-beige in color. Histologically, there are
two variants (typical and eosinophilic). In the typical
variant, large tumor cells with architecture of a compact
tubulo-cystic pattern proliferate. The cytoplasm is
abundant and shows a fine reticular translucent pattern.
The cell border is thick, prominent and eosinophilic. In
the eosinophilic variant, tumor cells are smaller and
markedly eosinophilic, and a perinuclear halo is often
seen. Histochemically, the tumor cells generally show a
diffuse and strong reaction for Hale's colloidal iron
staining. Ultrastructurally, tumor cells contain many
cytoplasmic microvesicles (150-300 nm). In
chromosomal analysis, a low chromosome number is
characteristic of chromophobe RCCs, due to the frequent
occurrence of a combined loss of chromosomes 1, 2, 6,
10, 13, 17, and 21. In differential diagnosis, histological
distinction from oncocytomas, which share a common
phenotype (intercalated cells of the collecting duct
system), is most important. In this diagnostic setting,
recent studies have given rise to several problems.
Firstly, some cases of coexistent chromophobe RCC and
oncocytoma (so-called renal oncocytosis) or cases of
oncocytoma with metastasis have recently been reported.
Secondly, the existence of chromophobe adenoma,
which is the benign counterpart of chromophobe RCC,
and an oncocytic variant of chromophobe RCC has
recently been suggested. Therefore, further studies are
needed to elucidate the relationship between
chromophobe RCCs and oncocytomas, to confirm
whether chromophobe adenoma actually exists or not,
and to identify the key gene that causes chromophobe
RCCs.
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History of the establishment of the disease concept

Bannasch et al. (1974) described "chromophobe
adenoma" as a rare form of renal tumor that was
experimentally induced by injection of
nitrosomorpholine. Thoenes et al. (1985) found that this
form is also present in human renal tumors, and they
named it "chromophobe cell renal carcinoma". They
later added this subtype to the classification of renal
tumors (Thoenes et al., 1986).

Some investigators consider that this tumor is
derived from intercalated cells of the cortical collecting
duct system (Storkel et al., 1989; Ortmann et al., 1991;
Durham et al., 1996). Before the establishment of this
disease concept, chromophobe renal cell carcinomas
(RCCs) were probably classified into conventional
RCCs (previously clear and granular cell carcinomas) or
oncocytomas. Therefore, many previously reported cases
of malignant oncocytoma may actually be chromophobe
RCCs (Nagashima, 2000).

Epidemiology

Chromophobe RCCs account for about 4-6% of all
renal tumors (Thoenes et al., 1988). The mean age and
range of ages of patients in a series of 50 patients
reported by Crotty et al. (1995) were 53 years and 30-83
years, respectively. There is no tendency of sex
predominance (Akhtar et al., 1995; Crotty et al., 1995).

Clinical symptoms and signs

Flank discomfort or pain, gross hematuria, flank
mass, and weight loss are observed as symptoms
(Fukushima et al., 1994; Akhtar et al., 1995; Crotty et
al., 1995). Patients with classical triads, namely
hematuria, flank discomfort and an abdominal mass, are
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rare (Crotty et al., 1995). Some tumors are incidentally
discovered during evaluation of other problems (Akhtar
et al., 1995; Crotty et al., 1995).

Radiological findings

Radiographically, most chromophobe RCCs are
revealed solitary and solid masses. Cystic formation or
necrosis is seen in less than 10% of tumors by
ultrasonography (Crotty et al., 1995). In computerized
tomography (CT) scans, tumors are shown as hypodense
masses (Akhtar et al., 1995). Renal angiography of
chromophobe RCCs generally reveals hypovascularity,
but some cases may display significant vascularity
(Fukushima et al., 1994; Crotty et al., 1995; Nagashima,
2000).

Pathological Findings
Macroscopic findings

The cut surface of the tumor is generally grey-beige
in color (Thoenes et al., 1986, 1988; Akhtar et al., 1995;
Durham et al., 1996; Nagashima, 2000). The mean size
and range of sizes of tumors in a large series studied by
Crotty et al. (1995) were 8.5¢cm and 2.5-22cm,
respectively. Hemorrhage or necrosis may sometimes be
present (Bonshib and Lager, 1990; Akhtar et al., 1995;
Crotty et al., 1995). Irregular fibrosis is common (Crotty
et al., 1995). Tumors are generally well-circumscribed
and frequently have a fibrous capsule, particularly in the
early stage (Crotty et al., 1995).

Microscopic findings

Thoenes et al. (1985, 1988) have described two
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Fig. 1. Histological features of a typical variant of chromophobe RCC.

Proliferation of various-sized voluminous tumor cells arranged in large
sheets separated by fibrovascular septa can be seen. x 25

variants, typical (light) and eosinophilic variants. The
presence of an oncocytic variant has been reported by
Erlandson et al. (1997) and has also been confirmed by
Latham et al. (1999). In the typical variant, proliferation
of various-sized voluminous tumor cells arranged in
large sheets separated by fibrovascular septa is seen. A
tubuloalveolar or cystic pattern is also observed. The
cytoplasm is abundant and shows a fine reticular
translucent pattern. The cell border is thick, prominent
and eosinophilic (Thoenes et al., 1985, 1986, 1988). In
the eosinophilic variant, tumor cells are smaller and
markedly eosinophilic, the cytoplasm is finely granular,
and a perinuclear halo is often seen (Thoenes et al.,
1986, 1988; Crotty et al., 1995). Microscopic findings of
an oncocytic variant have not been fully described in the
literature, but it is possible that the histological findings
of this variant are similar to those of oncocytoma.
Therefore, it may be difficult to distinguish oncocytic
variant of chromophobe RCC from oncocytoma at the
level of electron microscopy (Erlandson et al., 1997;
Latham et al., 1999).

Histochemical and immunohistochemical findings

The tumor cells generally stain positively for Hale's
colloidal iron and stain weakly with alcian blue
(Thoenes et al., 1985, 1986, 1988). The content of
glycogen in the tumor cytoplasm is lower than that in
conventional (clear) RCCs (Thoenes et al., 1986). Earlier
studies suggested that positivity for Hale's colloidal iron
stain occurr exclusively in chromophobe RCCs (Thoenes
et al., 1986, 1988). However, recent studies have shown
that other renal tumors, including clear RCCs, papillary
RCCs and oncocytomas, also display positive reactions
for Hale's colloidal iron stain with various distributions
and intensities (DeLong et al., 1996; Cochnad-Priollet et

Fig. 2. The cytoplasm is abundant and shows a fine reticular pattern.
The cell border is thick, prominent and eosinophilic. The nuclei are
generally wrinkled, and binucleated cells are occasionally seen. x 100
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al., 1997; Tickoo et al., 1998; Skinnider and Jones, 1999;
Tickoo, 2000). Therefore, we should consider that
diffuse and strong reticular positivity for colloidal iron
stain is significant for the diagnosis of chromophobe
RCCs (Tickoo et al., 1998; Skinnider and Jones, 1999;
Tickoo, 2000). Tickoo et al. (1998) reported that the
modified Mowry's method (treatment of sections with
3% acetic acid before addition of the colloidal iron)
gives technically superior staining results than the
original method does. The positive reaction for colloidal
iron is due to the accumulation of mucopolysaccharide
in the tumor cytoplasm (Bonsib et al., 1993). In lectin
histochemical study, tumor cells are generally stained by

'y ¥ e s ‘
A & o
b

R p

"7&‘ | S 4 o ’
3 ) “ 4%
na’, % 55 L s &
L 3 v, ’ -~
g -
L Qi e
LA e Y
& »
‘ @ .8 :
% TR

r g 3 % 3 .
3 "&: . e

Fig. 3. Perinuclear halos are observed in an esophinophilic variant of
chromophobe RCC. x 100

peanut agglutinin (PNA) and Dolichos biflorus
agglutinin (DBA) (Ortmann et al., 1991).
Immunohistochemical stains demonstrate positive
reactivity for cytokeratins (No. 8, 18, 19) and epithelial
membrane antigen (EMA) and negative reaction for
vimentin (Thoenes et al., 1985, 1986, 1988). The authors
have found that the immunohistochemical positive rates
for SHP2, vinculin, paxillin, osteopontin and CD9 are
higher in chromophobe RCCs than in conventional
RCCs (Kuroda et al., 1998b, 2000a, 2000b, 2001a,
2001b). Taki et al. (1999) showed that chromophobe
RCCs are generally positive for E-cadherin but not N-
cadherin.

Ultrastructural findings

Ultrastructurally, tumor cells contain many
cytoplasmic microvesicles (150-300 nm) (Thoenes et al.,
1985, 1986, 1988). In earlier studies, these microvesicles
were considered to be a characteristic of this subtype
(Thoenes et al., 1986). However, renal tumors such as
oncocytomas or eosinophilic variants of conventional
RCCs also have some microvesicles in the tumor
cytoplasm (Tickoo et al., 2000). Thus, a large number of
cytoplasmic microvesicles might be significant for the
diagnosis of chromophobe RCCs. Microvesicles are
removed by dehydrating agents during paraffin-
embedding (Bonsib et al., 1993). Bonsib (1996)
suggested that acid mucopolysaccharides are present in
microvescles, whereas Billis et al. (1998) suggested that
mucopolysaccharides are located outside the
microvesicles. Various amounts of mitochondria have
also been detected. Generally, mitochodria are present at
the peripheral of the tumor cytoplasm and predominantly
show tubulo-vesicular cristae (Erlandson et al., 1997,
Tickoo et al., 2000). In some cases, electron-dense
inclusions may be observed in mitochondria (Erlandson

Fig. 4. Ultrastructural findings of a chromophobe cancer cell. The tumor
cell contains many cytoplasmic microvesicles. x 40,000

Fig. 5. Ultrastructural findings of a chromophobe cancer cell. Many
mitochondria show tubulo-vesicular cristae. x 20,000
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et al., 1997). Many investigators have suggested that
these microvesicles are derived from mitochondria
because of the close relationship between microvesicles
and mitochondria at the ultrastructural level, althougth
the possibility of endoplasmic reticulum being in the
origin has also been suggested (Bannasch et al., 1974;
Thoenes et al., 1985, 1986, 1988; Bonsib and Lager,
1990; Tickoo et al., 2000).

Cytological findings

Various cytological findings in samples obtained by
fine-needle aspiration have been reported. Akhtar and
Ali (1995) emphasized that the presence of three cell
types is characteristic of chromophobe RCCs but not of
RCCs and oncocytomas. In a typical variant, single cells
or small groups of cells tend to be predominant rather
than large groups of cells (Renshaw and Granter, 1995;
Granter and Renshaw, 1997). Binucleated cells are
frequently observed (Renshaw and Granter, 1995;
Granter and Renshaw, 1997; Wiatrowska and Zakowski,
1999). The cell border is well-defined and prominent
(Akhtar et al., 1996a; Granter and Renshaw, 1997). The
cytoplasm is abundant (Akhtar et al., 1996a). The
nuclear border is irregular (Akhtar et al., 1996a;
Wiatrowska and Zakowski, 1999). In an eosinophilic
variant, the granularity of the cytoplasm is not uniform
(Akhtar and Ali, 1995; Renshaw and Granter, 1995;
Granter and Renshaw, 1997; Wiatrowska and Zakowski,
1999).

Flow cytometric findings

Akhtar et al. (1995, 1996a), and Akhtar and
Chanziantoniou (1998) reported that most chromophobe
RCCs predominantly impart a hypodiploid nuclear
pattern. On the other hand, most conventional RCCs
frequently show a diploid nuclear pattern. Bonsib and
Lager (1990) found an aneuploid pattern in three out of
five cases.
Chromosomal abnormalities (karyotyping,
fluorescence in situ hybridization (FISH),
comparative genomic hybridization (CGH),
restriction fragment length polymorphism (RELF)
and microsatellite analysis)

In karyotyping, Kovacs et al. (1988), and Kovacs
and Kovacs (1992a) found that a low chromosome
number is a characteristic of chromophobe RCCs. This
finding was also confirmed by Shuin et al. (1996), Igbal
et al. (1996) and Gunawan et al. (1999). Loss of
chromosomes 1, 2, 6, 10, 13, 17, and 21 frequently
occurs in chromophobe RCCs (Kovacs et al., 1988;
Kovacs and Kovacs, 1992a; Igbal et al., 1996; Shuin et
al., 1996; Gunawan et al., 1999). Telomeric association
is also observed (Kovacs and Kovacs, 1992a; Henn et
al., 1993). Igbal et al. (2000) also found one copy of
chromosomes 1, 2, 6, 13, 17, and 21 using the FISH

method in touch imprint smear specimens. Furthermore,
Spreicher et al. (1994) and Bugert et al. (1997) identified
a combination of loss of these chromosomes using CGH
and microsatellite analysis, respectively. Schwerdtle et
al. (1996) showed, using RELF analysis, that LOHs of
chromosomes 1p, 2p, 6p, 10p, 13q, 17p, and 21q are
observed with a frequency of 73 to 91%.

Mitochondrial DNA alteration

Kovacs et al. (1992b) found a gross alteration in the
restriction pattern of mitochondrial DNA in three
chromophobe RCCs.

Differential diagnosis in histopathology

Chromophobe RCCs must be distinguished from
conventional RCCs and oncocytomas. The distinction
from oncocytomas is most important. Macroscopically,
the cut surface of chromophobe RCCs is a beige color
(Thoenes et al., 1986, 1988; Akhtar et al., 1995; Durham
et al., 1996; Nagashima, 2000). The cut surfaces of
conventional RCCs and oncocytomas on the other hand,
are yellow and mahogany-brown in color, respectively
(Nagashima, 2000; Tickoo, 2000). Typically,
oncocytomas have a central scar, but some chromophobe
RCCs have a similar fibrosis in the center of the tumor
(Crotty et al., 1995; Tickoo, 2000). Microscopically,
conventional RCCs have clear cytoplasms and cell
borders are not prominent (Thoenes et al., 1986, 1988).
Oncocytomas are generally composed of uniform-sized
cells with coarse granular cytoplasms and typically show
a nesting pattern in an edematous stroma (Nagashima,
2000; Tickoo, 2000). Nuclear features are also important
for the disctinction between chromophobe RCCs and
oncocytomas. Chromophobe RCCs have wrinkled
nuclei, coarse chromatin, and perinuclear halo.
Binucleation or multinucleation are also common in
chromophobe RCCs. Oncocytomas, on the other hand,
have round and uniform-sized nuclei. Nucleoli are more
common in oncocytomas (Tickoo and Amin, 1998).
Conventional (clear) RCCs are strongly positive for PAS
stain because of an abundance of glycogen in the tumor
cytoplasm (Thoenes et al., 1986). The staining pattern
for antimitochondrial antibody (113-1) may also be
useful for distinction among the three types of renal
tumor (Tickoo et al., 1997). Immunohistochemically,
conventional RCCs are generally reactive for vimentin
and CD10 (Thoenes et al., 1986, 1988; Akhtar et al.,
1995; Avery et al., 1999). On the other hand,
chromophobe RCCs are generally immunoreactive for
SHP2, vinculin and paxillin (Kuroda et al., 1998b,
2000a, 2001a). Ultrastructurally, conventional RCCs
contain many glycogens and lipid droplets, whereas
oncocytomas contain many mitochondria (Thoenes et
al., 1986). Mitochondria in oncocytomas typically have
lamellar cristae (Erlandson et al., 1997; Tickoo et al.,
2000). Chromosomal analysis may also be helpful for
distinction (Crotty et al., 1992; Kovacs et al., 1997).
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Conventional RCCs have a deletion of chromosome 3p
and duplication of chromosome band 5q22. Deletions of
chromosome arms 6q, 8p, 9p and 14q are also observed.
Oncocytomas show a normal karyotype, loss of
chromosome arms 1p and14q and loss of X chromosome
or translocation between chromosome arm 11q13 and
other chromosomes (Crotty et al., 1992; Kovacs et al.,
1997).

Prognosis

Some investigators have suggested that
chromophobe RCCs show a more favorable prognosis
than conventional RCCs do (Akhtar et al., 1995;
Thoenes et al., 1988), whereas others have suggested
that the prognosis of chromophobe RCCs is almost
identical to that of conventional RCCs (Crotty et al.,
1995). Recently, many cases with sarcomatoid
transfromation of chromophobe RCCS have been
reported (Akhtar et al., 1996b; Aizawa et al., 1997;
Gomez-Roman et al., 1997; Hirokawa et al., 1998;
Kuroda et al., 1998a; Mai et al., 1999; Wilson et al.,
1999; Nagashima et al., 2000). If chromophobe RCCs
have a significant range of sarcomatoid transformation,
the prognosis may be worse (Aizawa et al., 1997;
Hirokawa et al., 1998; Wilson et al., 1999; Nagashima et
al., 2000). Renshaw et al. (1996) reported that large
tumors (more than 8 cm in diameter) and those with
coexistent papillary RCCs may cause metastasis.

Conclusions and perspectives

On the basis of the above-described findings, we can
regard chromophobe RCCs as a distinct entity in both
clinico-pathological and genetic aspects. However,
chromophobe RCCs are sometimes encountered that are
difficult to distinguish histologically from oncocytomas.
Chromophobe RCCs and oncocytomas are both derived
from intercalated cells of the collecting duct system
(Ortmann et al., 1988, 1991; Storkel et al., 1988, 1989).
Also, some cases of coexistent chromophobe RCC and
oncoytoma, designated "renal oncocytosis" by Tickoo et
al. (1999), have recently been reported. Furthermore,
both chromophobe RCCs and oncocytomas show
mitochondrial DNA alterations (Kovacs et al., 1989,
1992; Welter et al., 1989). Although the existence of a
disease designated "chromophobe adenoma" has recently
been suggested, this concept is still not widely accepted
(Dujkhuizen et al., 1997; van den Berg, 1997). On the
other hand, cases of oncocytoma with metastasis in a
large series studied by Perez-Ordonez et al. (1997) have
also been reported despite the strict histological criteria
for oncocytomas. Additionally, the key gene (probably
tumor supressor gene) causing chromophobe RCCs has
not yet been identified, although Contractor et al. (1997)
have reported that mutation of p53 occurs exclusively in
chromophobe RCCs. Therefore, further investigations
will be required to elucidate the relationship between
chromophobe RCCs and oncocytomas and to confirm

whether the concept of "chromophobe adenoma"
actually exists or not.

References

Aizawa S., Chigusa M., Ohno Y. and Suzuki M. (1997). Chromophobe
cell renal carcinoma with sarcomatoid component. A report of two
cases. J. Urol. Pathol. 6, 51-59.

Akhtar M. and Ali M.A. (1995). Aspirration cytology of chromophobe cell
carcinoma of the kidney. Diagn. Cytopathol. 13, 287-294.

Akhtar M., Karder H., Linjawi T., McClintock J. and Ali M.A. (1995).
Chromophobe cell carcinoma of the kidney: A clinicopathologic
study of 21 cases. Am. J. Surg. Pathol. 19, 1245-1256.

Akhtar M., Al-Sohaibani M.O., Haleem A., Bagwell C. and Ali M.
(1996a). Flow cytometric DMA analysis of chromophobe cell
carcinoma of the kidney. J. Urol. Pathol. 4, 15-23.

Akhtar M., Kfiury H., Karder A., Linjawi T. and Kovacs G. (1996b).
Sarcomatoid chromphobe cell carcinoma of the kidney. J. Urol.
Pathol. 4, 155-166.

Akhtar M. and Chanziantoniou N. (1998). Flow cytometric and
quantitative image cell analysis of DNA ploidy in renal chromophobe
cell carcinoma. Hum. Pathol. 29, 1181-1188.

Avery A K., Beckstead J. and Renshaw A.A. (1999). Use of antibodies
to RCC and CD10 in the differential diagnosis of renal neoplasms.
Am. J. Surg. Pathol. 24, 203-210.

Bannasch P., Schacht U. and Storch E. (1974). Morphogenese und
Mikromorphologie epithelialer Nieretumoren bei Nitrosomorpholin-
vergifteten Ratten. I. Induktion und Histologie der Tumoren. Z.
Krebsforsh. 81, 311-331.

Billis A., Carvalho R.B., Magrini E., Mattos A.C., Negretti F., Niero V.R.,
Nogueira C.R., Oliveira M.C.B.M., Piovesan H., Ramos M.J., Rocha
A.G., Souza C.A.F. and Valenca J.T. (1998). Chromophobe renal
cell carcinoma: Clinicopathological study of 7 cases: Ultrastruct.
Pathol. 22, 19-26.

Bonsib S.M. (1996). Renal chromophobe cell carcinoma: The
relationship between cytoplasmic vesicles and colloidal iron stain. J.
Urol. Pathol. 4, 9-14.

Bonsib S.M. and Lager D.J. (1990). Chromophobe cell carcinoma:
Analysis of five cases. Am. J. Surg. Pathol. 14, 260-267.

Bonsib S.M., Bray C. and Timmerman T.G. (1993). Renal chromophobe
cell carcinoma: Limitations of paraffin-embedded tissue. Ultrastruct.
Pathol. 17, 529-536.

Bugert P., Gaul C., Weber K., Herbers J., Akhtar M., Ljungberg B. and
Kovacs G. (1997). Specific genetic changes of diagnostic
importance in chromophobe renal cell carcinomas. Lab. Invest. 76,
203-208.

Cochnad-Priollet B., Molinie V., Bougaran J., Bouvier R., Dauge-Geffroy
MC., Deslignieres S., Fournet J.C., Gros P., Lesourd A., Saint-Andre
J.P., Toublanc M., Viellefond A., Wassef M., Fontaine A. and
Groleau L. (1997). Renal chromophobe cell carcinoma and
oncocytoma: A comparative morphologic, histochemical, and
imunohistochemical study of 124 cases. Arch. Pathol. Lab. Med.
121, 1081-1086.

Contractor H., Zariwala M., Bugert P., Zeisler J. and Kovacs G. (1997).
Mutation of the p53 tumour suppressor gene occurs preferentially in
the chromophobe type of renal cell tumour. J. Pathol. 181, 136-139.

Crotty T.B., Lawrence K.M., Moertel C.A., Bartelt D.H., Batts K.P.,
Dewald G.W., Fallow G.M. and Jenkins R.B. (1992). Cytogenetic
analysis of six renal oncocytomas and a chromophobe cell renal



170

Chromophobe RCC

carcinoma: Evidence that -Y, -1 may be a characteristic anomaly in
renal oncoytomas. Cancer Genet. Cytogenet. 61, 61-66.

Crotty T.B., Farrow G.M. and Lieber M.M. (1995). Chromophobe cell
renal carcinoma: Clinicopathological features of 50 cases. J. Urol.
154, 964- 967.

DelLong W.H., Sakr W. and Grignon D.J. (1996). Chromophobe renal
cell carcinoma: A comparative histochemical and
immunohistochemical study. J. Urol. Pathol. 4, 1-8.

Dujkhuizen T., van den Berg E., Storkel S., de Vries B., van den Veen
A.Y., Wilbrink M., van Kessel A.G. and de Jong B. (1997). Renal
oncocytoma with t(5,12,11), der(1)t(1;8) and add(19): "True"
oncocytoma or chromophobe adenoma? Int. J. Cancer 73, 521-524.

Durham J.R., Koehane M. and Amin M.B. (1996). Chromophobe renal
cell carcinoma. Adv. Anat. Pathol. 3, 336-342.

Erlandson R.A., Shek T.W. and Reuter V.E. (1997). Diagnostic
significance of mitochondria in four types of renal epithelial
neoplasms: An ultrastructural study of 60 tumors. Ultrastruct. Pathol.
21, 409-417.

Fukushima T., Nagashima Y., Nakatani Y., Nakamura N., Fukasawa K.,
Satomi Y., Yu K., Miyagi Y., Aoki |. and Misugi K. (1994).
Chromophobe renal cell carcinoma: A report of two cases. Pathol.
Int. 44, 401-406.

Gomez-Roman J., Mayarga-Fernandez M.M., Fernandez-Fernandez F.
and Val-Bernal J. (1997). Sarcomatoid chromophobe cell renal
carcinoma: Immunohistochemical and lectin study in one case. Gen.
Diagn. Pathol. 143, 63-69.

Granter S.R. and Renshaw A.A. (1997). Fine-needle aspiration of
chromophobe renal cell carcinoma: Analysis of six cases. Cancer
Cytopathol. 81, 122-128.

Gunawan B., Bergmann F., Braun S., Hemmerlein B., Ringert R.H.,
Jakse G. and Fuzesi L. (1999). Polyploidization and losses of
chromosomes 1, 2, 6, 10, 13, and 17 in three cases of chromophobe
renal cell carcinomas. Cancer Genet. Cytogenet. 110, 57-61.

Henn W., Welter C., Wullich B., Zang K.D., Blin N. and Seitz G. (1993).
Chromophobe renal cell carcinoma and renal oncocytoma: A
cytogenetic and cytological comparison. J. Urol. Pathol. 1, 145-155.

Hirokawa M., Shimizu M., Sakurai T., Terayama K. and Manabe T.
(1998). Sarcomatoid renal cell carcinoma with chromophobe cell
foci. APMIS 106, 993-996.

Igbal M.A., Akhtar M. and Ali M.A. (1996). Cytogenetic findings in renal
cell carcinoma. Hum. Pathol. 27, 949-954.

Igbal M.A., Akhtar M., Ulmer C., Al-Dayel F. and Paterson M.C. (2000).
FISH analysis in chromophobe renal-cell carcinoma. Diagn.
Cytopathol. 22, 3-6.

Kovacs A. and Kovacs G. (1992). Low chromosome number in
chromophobe renal cell carcinomas. Genes Chromosom. Cancer 4,
267-268.

Kovacs A., Storkel S., Thoenes W. and Kovacs G. (1992). Mitochondrial
and chromosomal DNA altertions in human chromophobe renal cell
carcinomas. J. Pathol. 167, 273-277.

Kovacs G., Soudah B. and Hoene E. (1988). Binucleated cells in a
human renal cell carcinoma with 34 chromosomes. Cancer Genet.
Cytogenet. 31, 211-215.

Kovacs G., Welter C., Wilkens L., Blin N. and Deriese W. (1989). Renal
oncocytoma: A phenotypic and genotypic entity of renal
parenchymal tumors. Am. J. Pathol. 134, 967-971.

Kovacs G., Akhtar M., Beckwith J.B., Bugert P., Cooper C.S., Delahunt
B., Eble J.N., Fleming S., Ljungberg B., Medeiros L.J., Moch H.,
Reuter V.E., Ritz E., Roos G., Schimidt D., Srigley J.R., Storkel S.,

van den Berg E. and Zbar B. (1997). The Heidelberg classification of
renal cell tumours. J. Pathol. 183, 131-133.

Kuroda N., Hayashi Y. and Itoh H. (1998a). A case of chromophobe
renal cell carcinoma with sarcomatoid foci and a small daughter
lesion. Pathol. Int. 48, 812-817.

Kuroda N., Hayashi Y., Matozaki T., Hanioka K., Gotoh A., Wang W.,
Uchida H., Hashimoto K., Iwai Y., Kawasaki K., Imai Y., Kasuga M.
and Itoh H. (1998b). Differential expression of SHP2, a protein-
tyrosine phosphatase with SRC homology-2 domains, in various
types of renal tumour. Virchows Arch. 433, 331-339.

Kuroda N., Naruse K., Miyazaki E., Hayashi Y., Yoshikawa C., Ashida
S., Moriki T., Yamasaki Y., Numoto S., Yamamoto Y., Yamasaki |.,
Hiroi M., Shuin T. and Enzan H. (2000a). Vinculin: its possible use
as a marker of normal collecting ducts and renal neoplasms with
collecting duct system phenotype. Mod. Pathol. 13, 1109-1114.

Kuroda N., Toi M., Miyazaki E., Hiroi M. and Enzan H. (2000b).
Expression of osteopontin in various types of renal tumors. J. Urol.
Pathol. 12, 79-91.

Kuroda N., Guo L., Toi M., Naruse K., Miyazaki E., Hayashi Y.,
Yoshikawa C., Ashida S., Shuin T. and Enzan H. (2001a). Paxillin:
Application of imunohistochemistry to the diagnosis of chromophobe
renal cell carcinoma and oncocytoma. Appl. Immunohistochem.
Mol. Morphol. 9, 315-318.

Kuroda N., Inoue K., Guo L., Miyazaki E., Hayashi Y., Naruse K., Toi M.,
Hiroi M., Shuin T. and Enzan H. (2001b). Expression of CD9/Moatility-
related protein 1 (MRP-1) in renal parenchymal neoplasms:
Consistent expression in papillary and chromophobe renal cell
carcinomas. Hum. Pathol. 32, 1071-1077.

Latham B., Dickersin R. and Oliva E. (1999). Sutypes of chromophobe
cell renal carcinoma: An ultrastructural and histochemical study of
13 cases. Am. J. Surg. Pathol. 23, 530-535.

Mai K.T., Veinot J.P. and Collins J.P. (1999). Sarcomatous
transformation of chromophobe cell renal carcinoma. Histopathology
34, 557-559.

Nagashima Y. (2000). Chromophobe renal cell carcinoma: Clinical,
pathological and molecular biological aspects. Pathol. Int. 50, 872-
878.

Nagashima Y., Okudela K., Osawa A., Nakamura N., Kawasaki C.,
Moriyama M., Nakamura N., Nakatani Y., Kitamura H. and Aoki .
(2000). Chromophobe renal cell carcinoma with sarcomatoid
change: A case report. Pathol. Res. Pract. 196, 647-65.

Ortmann M., Vierbuchen M. and Fischer R. (1988). Renal oncocytoma:
Il. Lectin and immunohistochemical features indicating an origin
from the collecting duct. Virchows Arch. (B) 56, 175-184.

Ortmann M., Vierbuchen M. and Fischer R. (1991): Sialylated
glycoconjugates in chromophobe cell renal carcinoma compared
with other renal cell tumors: Indication of its development from the
collecting duct epithelium. Virchows Arch. (B) 61, 123-132.

Perez-Ordonez B., Hamed G., Campbell S., Erlandson R.A., Russo P.,
Gaudin P.B. and Reuter V.E.(1997). Renal oncocytoma: A
clinicopathologic study of 70 cases. Am. J. Surg. Pathol. 21, 871-
883.

Renshaw A.A. and Granter S.R. (1995). Fine needle aspiration of
chromophobe renal cell carcinoma. Acta Cytol. 40, 867-872.

Renshaw A.A., Hebske E.P., Loughlin K.R., Shapiro C. and Weinberg
D.S. (1996). Aggressive variants of chromophobe renal cell
carcinoma. Cancer 78, 1756-1761.

Schwerdtle R.F., Storkel S., Neuhaus C., Brauch H., Weidt E., Brenner
W., Hohenfellner R., Huber C. and Decker H.J. (1996). Allelic losses



171

Chromophobe RCC

at chromosomes 1p, 2p, 6p, 10p, 13q, 17p, and 21q significantly
correlate with the chromophobe subtype of renal cell carcinoma.
Cancer Res. 56, 2927-2930.

Shuin T., Kondo K., Sakai N., Kaneko S., Yao M., Nagashima Y.,
Kitamura H. and Yoshida M.A. (1996). A case of chromophobe renal
cell carcinoma associated with low chromosome number and
microsatellite instability. Cancer Genet. Cytogenet. 86, 69-71.

Skinnider B.F. and Jones E.C. (1999). Renal oncocytoma and
chromophobe renal cell carcinoma: A comparison of colloidal iron
staining and electron microscopy. Am. J. Clin. Pathol. 111, 796-803.

Speicher M.R., Schoell B., du Manoir S., Schrock E., Ried T., Cremer
T., Storkel S., Kovacs A. and Kovacs G. (1994). Specific loss of
chromosomes 1, 2, 6, 10, 13, 17, and 21 in chromophobe renal cell
carcinomas revealed by comparative genomic hybridization. Am. J.
Pathol. 145, 356-364.

Storkel S., Pannen B., Thoenes W., Steart P.V., Wagner S. and
Dreckhahn D. (1988). Intercalated cells as a probable source for the
development of renal oncocytoma. Virchows Archiv (B) 56, 185-189.

Storkel S., Steart P.V., Drenkhahn D. and Thoenes W. (1989). The
human chromophobe cell renal carcinoma: its probable relation to
intercalated cells of the collecting duct. Virchows Arch. (B) 56, 237-
245,

Taki A., Nakatani Y., Misugi K., Yao M. and Nagashima Y. (1999).
Chromophobe renal cell carcinoma: An immunohistochemical study
of 21 Japanese cases. Mod. Pathol. 12, 310-317.

Thoenes W., Storkel S. and Rumpelt H.J. (1985). Human chromophobe
cell renal carcinoma. Virchows Arch. (B) 48, 207-217.

Thoenes W., Storkel S. and Rumpelt H.J. (1986). Histopathology and
classification of renal cell tumors (adenomas, oncocytomas,
carcinomas). The basic cytological and histopathological elements
and their use for diagnostics. Pathol. Res. Pract. 181, 125-143.

Thoenes W., Storkel S., Rumpelt H.J., Moll R., Baum H.P. and Werner
S. (1988). Chromophobe cell renal carcinoma and its variants- A
report of 32 cases. J. Pathol. 155, 277-287.

Tickoo S.K. (2000). Chromophobe renal cell carcinoma: Some
morphologic and differential diagnostic considerations. Pathol. Case

Rev. 5, 111-114.

Tickoo S.K. and Amin M.B. (1998). Discriminant nuclear features of
renal oncocytoma and chromophobe renal cell carcinoma: Analysis
of their potential utility in the differential diagnosis. Am. J. Clin.
Pathol. 110, 782-787.

Tickoo S.K., Amin M.B., Linden M.D., Lee M.W. and Zarbo R.J. (1997).
Antimitochondrial antibody (113-1) in the differential diagnosis of
granular renal cell tumors. Am. J. Surg. Pathol. 21, 922-930.

Tickoo S.K., Amin M.B. and Zarbo R.J. (1998). Colloidal iron staining in
renalepithelial neoplasms, including chromophobe renal cell
carcinoma: Emphasis on technique and patterns of staining. Am. J.
Surg. Pathol. 22, 419-424.

Tickoo S.K., Reuter V.E., Amin M.B., Srigley, J.R., Epstein J.I.,Min
K.W., Rubin M.A. and Ro J.Y. (1999). Renal oncocytosis: A
morphologic study of 14 cases. Am. J. Surg. Pathol. 23, 1094-
1101.

Tickoo S.K., Lee M.W., Eble J.N., Amin M., Christopherson T., Zarbo
R.J. and Amin M.B. (2000). Ultrastructural observations on
mitochondria and microvesicles in renal oncocytoma, chromophobe
renal cell carcinoma, and eosinophilic variant of conventional (clear
cell) renal cell carcinoma. Am. J. Surg. Pathol. 24, 1247-1256.

van den Berg E., Dijkhuizen T., Oosterhuis J.W., van Kessel A.G., de
Jong B. and Storkel S. (1997). Cytogenetic classification of renal cell
cancer. Cancer Genet. Cytogenet. 95, 103-107.

Welter C., Kovacs G., Seitz G. and Blin N. (1989). Alteration of
mitochondrial DNA in human oncocytoma. Genes Chromosom.
Cancer 1, 79-82.

Wiatrowska B.A. and Zakowski M.F. (1999). Fine-needle aspiration
biopsy of chromophobe renal cell carcinoma and oncocytoma.
Cancer Cytopathol. 87, 161-167.

Wilson E.J., Resinick M.l., Jacobs G. and MacLennan G.T. (1999).
Sarcomatoid chromophobe renal cell carcinoma: Report of an
additional case with ultrastructural findings. J. Urol. Pathol. 11, 113-
122.

Accepted July 22, 2002



