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The current classification system of renal tumors is
based on morphologic criteria, as supported by ge-
netic findings. We present a group of previously
unclassified tumors with similar morphologic and
genetic features, suggesting a new entity within re-
nal neoplasms. Seven renal tumors from five pa-
tients (ages 31–67 years) were analyzed. All cases
were stained with periodic acid–Schiff, Hale’s colloi-
dal iron (HCI), and Alcian blue (AB) at pH 2.5/1.0
with and without hyaluronidase (HA) digestion. Im-
munohistochemical (IHC) stains were performed
for CK8, CK18, CK19, vimentin, villin, Tamm-
Horsfall protein (THP), renal cell carcinomamarker
(RCC), epithelialmembrane antigen (EMA), ulex eu-
ropaeus agglutinin (UEA-1), soy bean agglutinin
(SBA), peanut agglutinin (PNA), and MIB-1. Com-
parative genomic hybridization (CGH) and loss of
heterozygosity (LOH) studies were performed on all
cases. All tumors showed circumscribed growth, a
tubular growth pattern with focal solid areas, no
significant nuclear atypia and absence of necrosis,
desmoplasia, or inflammation. Abundant extracel-
lular mucin was present. Immunohistochemistry
stains support collecting duct origin (EMA�, PNA�,
SBA�, CK 8/18/19�, vimentin�, UEA-1�, RCC�,
villin�, THP�). The proliferative rate was low
(<1%). CGH showed multiple consistent chromo-
somal losses (�1,-4, �6, �8, �9, �13, �14, �15,
�22). Clinical outcome was favorable, with recur-
rences but no known distant metastases or death of
disease. These findings are distinct from all previ-
ously classified renal neoplasms. Our data suggest

the presence of a unique tumor entity within tu-
mors of probable collecting duct origin: tubular-
mucinous renal tumors of low malignant potential.
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Recent advances in pathology, especially those in
the field of genetics and molecular diagnostics,
have led to a new understanding of renal neo-
plasms. This is reflected in a new internationally
accepted classification system, which is based on
morphology and supported by common genetic
findings (1, 2). However, about 6–7% of renal tu-
mors remain currently unclassified.
Among renal epithelial tumors, collecting duct

carcinomas (CDCs, Bellini duct carcinomas) are
recognized as a rare but distinctive type of renal cell
carcinoma (3, 4). They are generally considered to
be aggressive tumors (4). Some reports, however,
suggest a heterogeneous group of neoplasms,
which is mainly based on morphologic, IHC, and
clinical findings (3, 5). Consistent genetic alter-
ations within this tumor group have not been well
established (1).
We present a group of previously unclassified

tumors with similar morphologic findings that sug-
gest a new entity within renal neoplasms. Morpho-
logic, immunohistochemical, and genetic findings
strongly support that those tumors originate from
collecting duct epithelium. Based on clinical find-
ings, they are associated with a favorable prognosis.

MATERIALS AND METHODS

Seven renal tumors from five patients were evalu-
ated. All cases were seen in consultation between
1994 and 2000. Clinical and pathologic findings were
obtained from the referring pathologist and referring
clinicians. In all cases, hematoxylin and eosin (HE)–
stained glass slides with tumor and non-neoplastic
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renal tissue were examined. Paraffin-embedded tis-
sue was available for ancillary studies in all cases.

Staining Procedures
Routine 4-�m sections from formalin-fixed,

paraffin-embedded tissue were used for HE stains
and histochemical and IHC evaluation. Histochem-
ical stains were performed according to standard-
ized protocols for periodic acid–Schiff, Hale’s col-
loidal iron, and Alcian blue (at pH 2.5 and pH 1.0).
Alcian blue stains were performed with and without
hyaluronidase digestion.

Immunohistochemistry
IHC stains were performed on paraffin-embedded

tissues with antibodies to the following antigens: CK 8
(1:25), CK18 (1:25), CK19 (1:75), vimentin (1:25),
MIB-1 (1:50), and EMA (1:50; all purchased from
DAKO Diagnostika, Hamburg, Germany); RCC (1:50)
and villin (1:100; both Novocastra, Newcastle upon
Tyne, UK); UEA-1 (1:400, Vector, Burlingame); THP
(1:50, Cedarlane, CA), SBA, and PNA (each 1:1000,
Vector).

Briefly, after deparaffinization, tissue sections
were microwaved twice for 7 minutes in 10 mwf
citrate buffer (pH 6.0) and left in hot buffer at room
temperature for an additional 30 minutes. For all
stains, blocking of endogenous peroxidase was
done with 3% H2O2 for 15 minutes. Sections were
then placed in swine serum (diluted 1:10) for 10
minutes at room temperature. Primary antibodies
were applied and allowed to react for 1 hour at
room temperature. Sections were then incubated
with a secondary biotinylated anti-mouse/anti-goat
antibody and peroxidase-labeled streptavidin
(LSAB2 System, DAKO). After color development
with 3-amino-9-ethylcarbazole, the sections were
counterstained with Hemalaun.

Mib-1 is a nuclear stain, and any staining of nu-
clei was considered positive. To determine a prolif-
erative rate, 500 cells were counted in two ran-
domly chosen high-power fields, and the
percentage of positive nuclei was calculated. The
remaining antibodies showed either cytoplasmic
staining and/or membranous staining. Any focal
staining equivalent to or stronger than an internal
positive control was considered positive. Clearly
visible staining of less than the positive control was
considered as weak staining.

Comparative Genomic Hybridization
CGH was performed on all cases. For case 1,

material for CGH was available from two tumors
(1994, 2000). LOH studies were performed on three
tumors (1978, 1994, 2000).

DNA Extraction
Paraffin-embedded tissue was cut into 10-�m

sections, and areas of interest were microdissected
with a scalpel blade. DNA extraction was performed
with a commercially available kit (PeqLab, Erlan-
gen, Germany).

Comparative Genomic Hybridization
FITC-labeled test DNA was hybridized to normal

male metaphase chromosomes together with
TRITC-labeled DNA from normal donors and unla-
beled Cot-1 DNA, following a standard protocol (6).
After counterstaining with DAPI, fluorescence im-
ages were captured, and the green:red ratios were
calculated with a commercial software package
(Applied Imaging).

Loss of Heterozygosity
Microsatellite markers (tetranucleotide repeats)

were chosen from the Genome Database and am-
plified by PCR for 35 cycles. In each case, PCR
products with tumor DNA and normal DNA were
separated by polyacrylamide gel-electrophoresis
and stained with ethidium bromide. For LOH stud-
ies, only those markers were chosen in which chro-
mosomal localizations have already been con-
firmed by at least two independent research
groups.

RESULTS

Clinical Data
All patients in our series were female. The age

range at the time of tumor resection was 31–67
years. In four cases, a nephrectomy was performed.
Three tumors were resected by partial nephrec-
tomy. Six of seven tumors were organ confined (pT1
or pT2). Follow-up information was available for
three patients. Two patients were alive, with no
evidence of disease (NED), 16 and 33 months after
resection. One patient (Case 1) has been followed
since 1978. Since then, she has had three tumors
with similar morphology removed from the right
and left kidney. Likewise, she is currently alive with
NED, 23 years after an initial tumor resection (Table
1).

TABLE 1. Clinicopathological Data

Case No.
Age
(y)

Tumor Size
(cm)

pT
(Stage)

Follow-Up

1 (1978) 32 6 pT1
1 (1994) 48 10 pT2

NED after three resections1 (2000) 54 2.8 pT
2 68 5.2 pT1 NED, 33 mo
3 57 7 pT3a NED, 16 mo
4 61 3.5 pT1 NA
5 31 5.5 pT1 NA
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Gross Findings
Tumor size varied from 2.8 to 10 cm. All tumors

were sharply circumscribed, with a homogenous
yellow to tan brown to pinkish cut surface. In two

cases, focal hemorrhage was seen. There was no
evidence of renal vein invasion. In two cases, a
compression of the renal pelvis without tumor in-
filtration was noted.

FIGURE 1. Circumscription.

FIGURE 2. Tubular growth (left); nuclear features (right).
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Microscopic Findings
Histology showed circumscribed growth in all

cases. Tumors were partly surrounded by a small
rim of compressed fibrous tissue with scattered

lymphocytes (Fig. 1). There was no intratumoral
lymphocytic or neutrophilic inflammation. All tu-
mors consisted of epithelial cells with few inter-
vening stroma. The predominant architectural

FIGURE 3. Spindled growth pattern.

FIGURE 4. Extracellular mucin (left); collections of macrophages (right).
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pattern was that of vague tubular growth (Fig. 2,
left). Tubules were lined by cuboidal cells with
pale to eosinophilic cytoplasm. Tumor cells con-
tained centrally located round nuclei without sig-

nificant nuclear atypia. Most nuclei contained
easily discernible small to medium-sized nucleoli
(Fig. 2, right). All tumors displayed focal areas of
solid growth. This was frequently associated with

FIGURE 5. Histochemical stains.

FIGURE 6. Immunohistochemical stains.
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tumor cells of a more spindled appearance, al-
though cellular features differed from those of a
sarcomatoid growth pattern (Fig. 3). A striking
feature in all cases was the presence of abundant,
predominantly extracellular mucin (Fig. 4, left).
Occasional mucin lakes were noted to expand
stroma between tumor cells. Also, all cases in-
cluded small clusters of foamy macrophages that
were usually associated with mucin collections
(Fig. 4, right). Mucin collections and macro-
phages were seen in association with both tubu-
lar and solid growth patterns. Two tumors con-
tained areas of focal hemorrhage. One tumor
showed focal perirenal fat invasion (Case 3).
None of the tumors displayed areas of necrosis or
desmoplasia with neutrophilic inflammation.
Also, none of the cases had a cystic or a papillary
growth pattern with fibrovascular cores or psam-
moma bodies.

Histochemical Stains
Abundant extracellular mucin of acid epithelial

type was present in all cases. Mucin was strongly
positive for Alcian blue at pH 2.5. All cases showed
moderate or strong staining at pH 1.0 with and
without hyaluronidase digestion, as well as with
Hale’s colloidal iron stain (Fig. 5). Extracellular mu-
cin was periodic acid-Schiff negative. Rare periodic
acid-Schiff–positive intracellular droplets were
noted.

Immunohistochemical Stains
The proliferative rate (MIB-1) was low (�1%),

with one to five positive nuclei within 500 cells
counted. In four cases, positive nuclei were randomly

distributed within the tumor. In one case, positive
nuclei were more frequently seen peripherally.

All tumors were positive for CK 8/18. Four of five
tumors were weakly positive for CK19, two of those
cases showed additional strong staining of rare pe-
ripherally located neoplastic tubules. Two of five
cases were focally positive for vimentin.

IHC stains for EMA and PNA were positive in all
five cases, with at least focally strong staining in
tubular areas (Fig. 6). Staining was predominantly
apical and membranous. Focal weak cytoplasmic
staining was also noted. Areas with solid growth
patterns within the same tumor showed decreased
or absent staining. SBA was focally positive in three
of five cases, with an apical and cytoplasmic stain-
ing pattern. Also, those three cases showed occa-
sional staining of small cytoplasmic vacuoles.
UEA-1 was consistently negative.

All tumors were negative for RCC and villin, two
markers of proximal tubules. Also, all tumors were
negative for THP, a marker of the thick ascending
loop of Henle and distal convoluted tubules. Re-
sults are summarized in Table 2.

Comparative Genomic Hybridization
All tumors had multiple genetic alterations that

included consistent losses of chromosomes 1, 4, 6,
8, 9, 13, 14, 15, and 22 (Fig. 7). These findings were
confirmed by LOH studies in all cases that had
polymorphisms within normal renal epithelium.
For Case 1, CGH was performed on two tumors,
resected in 1994 and 2000. Both tumors had iden-
tical chromosomal alterations. Material from a tu-
mor resected in 1978 was available, but quality was
inadequate to perform CGH. For this tumor, only

TABLE 2. Results of Immunohistochemical Stains

Antibody/Dilution PT HL DT CD Positive Results

CK8 (1:25) 1/5

CK18 (1:25) 5/5

CK19 (1:75) 4/5 (weak)

Vimentin (1:25) 2/5 (periphery)

Villin (1:100) 0/5

RCC (1:50) 0/5

THP (1:500) 0/5

EMA (1:50) 5/5 (membranous)

PNA (1:1000) 5/5 (membranous)

SBA (1:1000) 3/5 (membranous), weak

UEA-1 (1:400) 0/5

PT, proximal tubule; HL, Henle loop; DT, distal tubule; CD, collecting duct.
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LOH studies were performed. LOH results indicate
that all three tumors originated from the same
clone (Fig. 8). CGH results are summarized in Table
3.

DISCUSSION

We present seven renal epithelial tumors with
unusual morphologic features. All cases were diag-
nostically challenging and were seen in consulta-
tion by one of the authors (SS). Within the currently
used classification system of renal tumors, those
cases are considered to be unclassified renal neo-
plasms (2). Lack of tumor necrosis, a low prolifera-
tive activity, and nuclear features suggest tumors of
low malignant potential. Immunohistochemical

and genetic findings strongly support origin from
collecting duct epithelium.

Histologically, all tumors had tubular and solid
growth patterns with focally extensive extracellular
mucin production, as described in some “classical”
CDCs (4). However, there was a lack of other char-
acteristic morphologic features seen in classical
CDCs, such as infiltrative growth, pleomorphic cells
with significant nuclear atypia, a cystic component
with “hobnail” epithelium, desmoplasia, or intratu-
moral neutrophilic inflammation (3, 4). Immuno-
histochemical staining patterns were similar in all
cases: no staining was noted with brush-border–
associated antigens of proximal tubules, such as
villin or RCC (7, 8). Also, no staining was seen with
THP, a marker that is found in distal convoluted
tubules and the ascending loop of Henle (7). Posi-
tive staining was seen with markers that are found
in collecting duct epithelium (3, 7, 9), including
EMA and PNA. Three tumors showed additional
focal staining with SBA. UEA-1, a marker that has
been reported to be positive in some but not all
CDCs, was negative in all cases (3–5).

Genetic alterations were consistent in all cases.
They included losses of chromosomes 1, 4, 6, 8, 9,
13, 14, 15, and 22. Recently, it has been recognized
that distinctive types of renal tumors also have
common documented genetic abnormalities (1).
Those correlate with histologic findings and sup-
port the currently used classification system of re-

FIGURE 7. Case 1, CGH (tumor resected in 2000). Red color indicates loss of genomic material (male reference).

FIGURE 8. Case 1, LOH studies of chromosome 1.
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nal cell tumors (2). Tumors that originate from col-
lecting duct epithelium, including chromophobe
RCC and oncocytomas, show frequent chromo-
somal losses (10). In chromophobe RCC, mono-
somies of chromosomes 1, 2, 6, 10, 13, 17, and 21
have been described by several authors (11, 12). In
oncocytomas, losses of chromosome 1 and Y have
been reported (13, 14). Both tumors originate from
intercalated cells (cortical collecting duct epitheli-
um). CDCs, or Bellini duct carcinomas, arise from
medullary collecting duct epithelium (3). They
comprise �1% of all renal epithelial tumors, and
therefore cytogenetic data are scarce. To date, no
consistent pattern of genetic abnormalities has
been established. Fuezesi et al. (15) was one of the
first investigative groups to karyotype CDCs. They
found losses of chromosomes 1, 6, 14, 15, and 22.
These genetic alterations are similar to our own
findings. Based on those investigators’ published
photos (of tubulopapillary tumors with psammoma
bodies), however, results were found in tumors that
do not match the morphology of classical CDC.
Therefore, we doubt that those investigators ana-
lyzed cases of classical CDC. Although several other
authors have also investigated CDCs, none of them
could reproduce the findings of Fuezesi et al. (15)
Their results were less consistent and included vari-
able chromosomal gains and losses (16, 17). Most
consistent alterations include losses of 8p and 13q
(1, 18). Furthermore, we have performed CGH on
two “typical” CDCs from our own files. Likewise,
this has returned different genetic alterations (data
not shown).

CDC are generally considered to be aggressive
neoplasms, with early recurrence, metastasis and
frequent death (3). Although our IHC findings sug-
gest a tumor of collecting duct origin, morphologic
features favor a low-grade malignant phenotype.
Accordingly, we have not seen aggressive behavior
in CDCs in our patients. Follow-up data were avail-
able in three cases. Two patients were alive with
NED, 16 and 33 months after initial diagnosis. One
patient (our Case 1) was followed clinically over 23
years. She was initially diagnosed with a “renal ad-
enoma” that was resected in 1978. She presented
with a second tumor in 1994 and underwent partial

nephrectomy for a third renal tumor of the con-
tralateral kidney in 2000. All three tumors had very
similar morphologic features (Fig. 9). Currently this
patient is alive, with no evidence of disease. CGH
revealed identical genetic alterations in those tu-
mors that were resected in 1994 and 2000. Further-
more, LOH studies were performed on all three
tumors. Results indicate that all three tumors orig-
inated from the same clone.

It has already been established that a spectrum of
low-grade and high-grade neoplasms does exist
within tumors of collecting duct origin. Chromo-
phobe RCCs are considered to be nonaggressive
(cortical) collecting duct neoplasms. Could our pre-
sented tumors be variants of chromophobe RCCs or
even oncocytomas? Based on morphologic findings
alone, a relation between those tumors seems un-
likely. There is some overlap of genetic alterations.
Overall, however, both tumors have different ge-
netic profiles. Chromophobe RCCs include losses of
chromosomes 2, 10, and 17. Also, tetraploidization
may occur (11). Both features were not found in any
of our tumors.

Only few data on low-grade variants of medullary
CDC are published. MacLennan et al. (5) have de-
scribed 13 cases of low-grade mucinous tumors of
possible collecting duct origin. Those investigators
describe cases with solid and cystic architecture. In
our own series, all tumors show tubular and solid-
growth patterns without cyst formation. Srigley et
al. (19) presented a poster abstract of seven tumors
with similar morphology, suggesting origin from
the loop of Henle. Another poster abstract with four
published cases of similar morphology suggests dis-
tal nephron differentiation (20). To our knowledge,
genetic data are not available in any of those cases;
nevertheless, we think that at least some of those
may represent neoplasms that belong to our own
described tumor entity.

Could our tumors represent benign tumors, that
is, adenomas? We find this unlikely, although we
cannot entirely exclude this possibility. There are
some clinical and morphologic similarities with
metanephric adenomas, which are frequently re-
ported in women (21, 22). Interestingly, tumors in
our own study occurred exclusively in female pa-

TABLE 3. CGH Results

Case No. Chromosomal Aberrations

1 (1994) �1a �4a �6a �8a �9a �13a �14a �15a �22a �Xa

1 (2000) �1a �4a �6a �8a �9a �13a �14a �15a �22a �Xa

2 �1a �4a �6a �8a �9 �13 �14 �15a �22a

3 �1a �4a �6a �8a �9a �13 �14 �15a �18 �22 �X
4 �1a �4a �6a �8 �9a �13 �14a �15a �22a

5 �1a �4 �6a �8a �9a �13a �14a �15a �22a

Markers used
for LOH

D1S548 D4S243 D6S1273 D8S1131 D9S752 D13S317 D14S617 D15S816 D18S544 D22S445 HPRT
geneD1S1676 D4S2637 D6S1279 D13S796 D15S818 D18S871 D22S692

a Confirmed by loss of heterozygosity (LOH).
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tients. Based on our small numbers of five patients,
however, we cannot be sure whether this may rep-
resent an incidental finding. Morphologically, met-
anephric adenomas may display areas with tubular
or acinar growth patterns. Frequently though, there
are additional histologic findings, such as papillary
growth or psammoma bodies. About 50% of cases
also contain glomeruloid bodies. None of these fea-
tures was present in our tumors. Also, most authors
report an absence of immunohistochemical stain-
ing for EMA (21–23) which was positive in all of our
tumors. Few groups have investigated metanephric
adenomas for genetic alterations. Although most
authors found a normal diploid karyotype (23, 24),
one study has shown trisomies 7 and 17 (25). Re-
cently, a tumor suppressor gene has been mapped
to chromosome 2p13 (26). Overall, there are no
reported clinical recurrences for metanephric ade-
nomas (22).

Based on histology, renal tubulopapillary adeno-
mas may also enter the differential. These tumors
may rarely present with an entirely tubular growth
pattern. Again though, most cases display at least
focal papilllary growth patterns and frequently con-
tain psammoma bodies. Although one study
showed frequent positive IHC staining for EMA and
PNA (27), most expressed antigens are those found
in proximal tubules (28). More important, tubulo-
papillary adenomas are small lesions that rarely
exceed 5 mm. Cytogenetic alterations appear to be
limited to �7, �17, and -Y (29).

Conversely, all tumors in our own study had ma-
jor genetic alterations. This is unusual for entirely
benign lesions. We have not seen any distant me-
tastasis, but one patient had three intrarenal tu-
mors with identical histologic and immunohisto-
chemical features removed within 23 years, all
originating from the same clone. We therefore con-
clude that these neoplasms are best assigned as
tumors of low-malignant potential, until further in-
formation is available about their long-term
behavior.

In summary, we present a group of uncommon
renal tumors (Table 4). All patients were female.
The tumors were all solid and well circumscribed

FIGURE 9. Case 1, histology of three tumors resected between 1978 and 2000.

TABLE 4. Summary

Tubular-Mucinous Renal Tumors of Low Malignant Potential

Gross: Solid well-circumscribed tumors
Tan to yellow/brown surface, focal hemorrhage
No infiltrative growth

Micro: Tubular growth pattern, no significant nuclear atypia
Focal solid growth pattern with spindle cells
No desmoplasia
Abundant extracellular mucin production (AB�, Hale�,

PAS�)
Small clusters of macrophages

IHC: EMA�, PNA�, CK8/18�
CK19 �/�, SBA �/�, Vimentin �/�,
Villin �, RCC�, THP�

Genetics: �1, �4, �6, �8, �9, �13, �14, �15, �22
Prognosis: Favorable

Recurrences but no distant metastasis or death of disease
Origin: Probably collecting duct epithelium
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on gross examination. Histology showed a predom-
inantly tubular growth pattern with low- to
intermediate-grade nuclear morphology and abun-
dant extracellular mucin production. All cases dis-
played a similar immunohistochemical staining
pattern, supporting collecting duct origin (EMA�,
PNA�). Genetic alterations within these tumors
were consistent and also different from all other
defined renal tumor entities, including those of col-
lecting duct origin. Follow-up data with no known
distant metastases support a favorable prognosis.
Based on these findings, we suggest a new entity of
renal tumors of collecting duct origin: tubular-
mucinous renal tumors of low malignant potential.
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