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MUC1 (epithelial membrane antigen) is a membrane-associated mucin known to interfere with both cell–cell and
cell–matrix adhesions. Overexpression has been associated with poor prognosis in a variety of cancers. We
investigated the expression of MUC1 (using two different antibodies, MA695 and E29) and E-cadherin in renal
cell carcinomas (137 conventional, 23 chromophobe, 20 papillary, and eight unclassified tumors) with respect to
diagnostic and prognostic significance using a tissue microarray technique. Immunoreactivity was correlated
with histological subtype, pT-stage, and grade using the v2 test or the Fisher’s exact test, respectively. Impact
on disease-free survival was analyzed using the Kaplan–Meier method and the log-rank test. Immunoreactivity
of more than 10% of cancer cells with MA695, E 29, and E-cadherin antibodies was found in 112/133 (84%),
86/133 (65%), and 7/131 (5%) conventional, 20/22 (91%), 19/22 (86%), and 21/22 (95%) chromophobe, 13/20
(65%), 8/20 (40%), and 3/20 (15%) papillary as well as 5/8 (63%), 5/8 (63%), and 4/8 (50%) unclassified
carcinomas, respectively. The two different MUC1 antibodies yielded comparable staining results. A diffuse
cytoplasmic staining pattern for MUC1 was found exclusively in chromophobe carcinomas, whereas
conventional and papillary subtypes showed predominantly membranous staining (Po0.0001). Regarding
papillary carcinomas, MUC1 was predominantly associated with type 1 (P¼ 0.0001), and E-cadherin with type 2
(P¼ 0.049) tumors. The cellular staining pattern of MUC1 in conventional tumors was related to pT-stage
(P¼ 0.002) and tumor grade (P¼ 0.001): Low-stage (pT1/pT2) and grade (G1/G2) tumors showed a
predominantly apical membranous staining, high-stage (pT3a/pT3b) and grade (G3/G4) tumors a predominantly
circumferential membranous staining (with or without additional diffuse cytoplasmic immunoreactivity), which,
in the conventional subtype, was associated with poor prognosis (Po0.0001). In conclusion, MUC1 and
E-cadherin are diagnostically and prognostically useful markers in renal tumor pathology, especially when
cellular staining patterns are considered.
Modern Pathology (2004) 17, 180–188, advance online publication, 5 December 2003; doi:10.1038/modpathol.3800032

Keywords: kidney; cancer; MUC1; EMA; E-cadherin; differential diagnosis; prognosis

Mucins are high-molecular-weight (4200 kDa) gly-
coproteins with oligosaccharides attached to an
apomucin protein backbone (core peptide) by O-
glycosidic linkage.1,2 They are mainly synthesized
by epithelial cells and can be classified as secretory
(gel-forming) and membrane-associated forms.
MUC1 is a transmembrane protein with a large
extracellular tandem repeat domain and can be
found on the apical surface of almost all glandular
and ductal epithelial cells. In the kidney, MUC1
expression was noted on the luminal surfaces of

distal tubule and collecting duct epithelium.3–6

MUC1 is also known as CD227 or epithelial
membrane antigen (EMA). Although EMA is well
known in diagnostic histopathology, we prefer the
term MUC1 in this study, as it reflects the biological
properties and functions of the molecule and
furthermore allows its categorization into the grow-
ing group of mucin glycoproteins (MUC1-16).

The extracellular domain, which forms an elon-
gated structure protruding from the cell surface, is
responsible for the protective function of MUC1 and
is implicated in immunoregulation.7 Furthermore,
the length, rigidity, and negative charge of the
extracellular tandem repeat domain of MUC1 is
believed to interfere with both cell–cell and cell–
matrix adhesions by masking smaller membrane-
associated molecules through steric hindrance and
to keep ducts and gland lumina open.8,9 On the other
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hand, the intracellular domain of MUC1 is impli-
cated in transmembrane signal transduction through
interaction with the epidermal growth factor recep-
tor and activation of mitogenic MAP kinase path-
ways.10 Finally, the intracellular domain was shown
to bind beta-catenin leading to inhibition of
E-cadherin-mediated cell–cell adhesion.11–13

Aberrant de novo expression or overexpression of
MUC1 was demonstrated in several human malig-
nancies. Tumor cells often show a loss of polarity
and a switch from apical to circumferential staining.
The covering of the entire cell membrane with
MUC1 is supposed to play an important role during
invasion and metastasis due to reduced cell adhe-
sion.14 Compared to non-neoplastic tissue, however,
tumor-associated MUC molecules are commonly
underglycosylated, which may lead to a demasking
of the peptide antigens facilitating their immuno-
histochemical detection.15,16 Nevertheless, over
expression of MUC1 in cancer tissues has been
associated with poor prognosis in gastrointestinal
adenocarcinomas,15,17–22 esophageal squamous cell
carcinomas,23 endometrial adenocarcinomas,24 and
non-small-cell lung cancers.25 In breast cancer, the
situation seems to be more complex. In most studies,
increased MUC1 expression was found in low-
grade, estrogen-receptor-positive tumors, and was
associated with better prognosis. Regarding staining
pattern, however, high cytoplasmic immunoreacti
vity was associated with worse prognosis.26 Regard-
ing renal cell carcinomas, MUC1 expression is
common in conventional tumors and has been
reported to be associated with tumor grade and
stage.3–6,27,28 Prognostic relevance, however, is still
under debate, since some authors noticed a sig-
nificant influence on patients’ outcome,3–5,27

whereas others failed to detect an influence on
tumor aggressiveness in experimental systems.29

The cadherins constitute a family of transmem-
brane glycoproteins that function as calcium-depen-
dent homotypic adhesion molecules and are
expressed by most epithelia. Currently, more than
20 different tissue-specific cadherins are known.30

Decreased E-cadherin expression correlates with

tumor aggressiveness in most carcinomas. In renal
cancer, however, E-cadherin expression is infre-
quently seen and association with outcome is not
well established.31–36

The current study was designed to investigate the
expression of MUC1 applying two different mono-
clonal antibodies with respect to its diagnostic and
prognostic impact and association with E-cadherin
immunoreactivity in a large number of renal cell
carcinomas including all histological subtypes.

Material and methods

Case Selection

A total of 188 paraffin-embedded specimens of renal
cell carcinomas from patients (112 males, 76
females) who underwent radical nephrectomy be-
tween 01/1995 and 06/2002 and did not receive
adjuvant therapy were retrieved from the files of our
department for further analysis. The mean age of
patients at operation was 62 years (range 28–85). All
specimens were re-evaluated with respect to tumor
stage, grade, and histological subtypes by two
pathologists (CL and MR). Tumor stages were
assessed according to the UICC 2002 issue of the
TNM-system,37 and nuclear grading was based on
the Fuhrman grading system.38 Histological sub-
types were assessed according to the consensus
classification of renal cell neoplasia:39,40 The mate
rial studied comprised conventional or clear cell
(n¼ 137, 73%; including nine tumors with small
foci of sarcomatoid change and four tumors with
predominant sarcomatoid morphology showing
only small residual foci of conventional tumor),
papillary (n¼ 20, 11%; including 12 type 1 and
eight type 2 tumors) and chromophobe (n¼ 23, 12%)
carcinomas. Eight tumors (4%) did not fit into either
category and were included as renal cell carcinoma,
unclassified. Details regarding pT-stages and grades
related to histological subtypes are listed in Table 1.
Two specimens of non-neoplastic renal tissue were
analyzed for comparison.

Table 1 Tumor stage and grade related to histological subtypes of renal cell carcinoma

Stage/grade Conventional N¼ 137 Chromophobe N¼23 Papillary N¼20 Unclassified N¼ 8

N % N % N % N %

PT1a 50 36 6 26 7 35 3 38
PT1b 21 15 3 13 4 20 1 13
PT2 5 4 3 13 3 15 2 25
PT3a 27 20 6 26 4 20 2 25
PT3b 34 25 5 22 2 10 0 0
G1 18 13 0 0 1 5 0 0
G2 71 52 14 61 13 65 3 38
G3 44 32 9 39 6 30 5 63
G4 4 3 0 0 0 0 0 0
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Immunohistochemistry

For immunohistochemical evaluation, a tissue micro-
array (TMA) technique was used that allows stain-
ing of a large number of specimens on one slide.
TMAs were constructed using a manual tissue
arraying instrument (Beecher, Silver Spring, MD,
USA). The details of this technique have been
described previously.41–43 Three cylindrical core
biopsies, 0.6mm in diameter, were taken from
different sites of each tumor and arrayed in a
recipient paraffin TMA block. For the detection of
MUC1, two different mouse monoclonal antibodies
were used: MA695 (NCL-MUC-1, Novocastra Labora-
tories Ltd, Newcastle upon Tyne, UK), which
recognizes a carbohydrate epitope of the human
MUC1 glycoprotein, and E29 (EMA, DAKO, Glostr-
up, Denmark), which binds to MUC1 independent of
its glycosylation.44 For the detection of E-cadherin,
the mouse monoclonal antibody 4A2C7 (Zymed
Laboratories Inc., San Francisco, USA) was used.
Sections (4 mm) were mounted on Superfrostt slides
for immunohistochemical staining using automated
immunostainers (for MA695 and E-cadherin DAKO-
Autostainer, Universal Staining System; for E29
VENTANA ES, Ventana, Strasbourg, France). Briefly,
TMA sections were deparaffinized, rehydrated in
graded alcohols, and treated for 5min with 1%
H2O2. The sections were subjected to antigen
retrieval (for MA695 and E-cadherin, Epitope Re-
trieval Solution, DAKO, Code No. K 5205, for 40min
at 981C; for E29, Protease 1 Reagent, Ventana, for
8min at room temperature) and subsequently in-
cubated for 30min with the primary antibodies
(MA695 1:100, E29 1:500, E-cadherin ready to use).
The binding of the primary antibodies was assessed
by the DAKO ChemMatet detection kit (for MA695),
the DAKO LSABs2 System HRP (AEC) detection kit
(for E-cadherin), and the Ventana Basic DAB detec-
tion kit (for E29), respectively.

Immunohistochemical Evaluation and Controls

Immunoreactivity was independently evaluated
semiquantitatively by two pathologists (CL and
MR) who were blinded to the clinicopathologic
data, especially pT-stage and patients’ outcome.
Discrepancies were resolved by re-examination of
the slides by both investigators using a double-
headed microscope. Immunoreactivity was catego
rized as follows: 0, no reactivity; 1, less than 10% of
cancer cells positive; 2, 10–25% positive; 3, 25–50%
positive; 4, 50–75% positive; 5, 75–90% positive;
and 6, more than 90% of cancer cells positive. For
comparative analysis, specimens showing positive
immunostaining in more than 10% of tumor cells
were considered positive in accordance with pre-
vious studies.4,27 In addition to the semiquantitative
evaluation, staining patterns for MUC1 were classi-
fied as either (predominantly) membranous or

(predominantly) diffuse. In a further step, the
membranous pattern was further subdivided into a
predominantly apical or a predominantly circumfe-
rential immunoreactivity (with or without an
additional diffuse cytoplasmic immunoreactivity).
Non-neoplastic breast tissue served as positive
control for all three antibodies and was included
in each run. Negative controls included omission of
the primary antibody and incubation with DAKO
ChemMateTM Antibody Diluent (Code No. S 2022).

Statistical Analysis

Subgroups according to pT-stage, grading, and
histological subtypes were compared with respect
to differences in immunoreactivity using the w2 test
or the Fisher’s exact test, respectively. The relation-
ship between MUC1 and E-cadherin was also tested
by the w2 test, while the immunoreactivities of the
two different MUC1 antibodies were compared
using the weighted k correlation coefficient. Regard-
ing prognosis, only the conventional subtype was
analyzed since the sample sizes of the other
histotypes were too small to allow a separate
analysis. To assess the representativeness of the
data set, a Cox proportional hazards regression
model for tumor stage and grade was performed.
Disease-free survival was investigated using the
Kaplan–Meier method and compared by the log-
rank test analyzing different cutoff levels of im-
munoreactivity to detect the cutoff with the highest
impact on prognosis. Since the results of the
statistical tests are interpreted exploratorily, no
corrections were made for multiple testing.

Results

Non-neoplastic Renal Tissue

In normal renal tissue, a strong and diffuse
cytoplasmic expression of MUC1 with apical polar-
ity was seen with both antibodies in the distal
tubule and collecting duct epithelium. Proximal
tubules lacked MUC1 immunoreactivity (Figure 1a).
E-cadherin was strongly expressed in the cell
membranes of distal tubule and (to a minor extent)
collecting duct epithelium, whereas the cytoplasm
lacked immunoreactivity. In proximal tubule epithe-
lium, E-cadherin immunoreactivity was faint, only
focal, and confined to the basal parts of the
cytoplasm, whereas the cell membranes remained
unstained (Figure 3a).

Renal Cell Carcinoma

Cancer tissue allowing a reliable evaluation of
immunoreactivity for MUC1 was present in 183/188
(97%) cases, and sufficient tissue for evaluation of
E-cadherin immunoreactivity was present in 181/188
(96%) cases. The results of immunohistochemical
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staining related to histological subtypes, tumor
stages, and grades are summarized in Table 2. Like
in non-neoplastic tubule epithelium, both MUC1
antibodies showed identical staining patterns (Fig-
ure 2a, b). E29 immunoreactivity, however, was
slightly weaker compared to MA695. Nevertheless, a
statistically significant correspondence of the two
MUC1 antibodies (MA695 and E29) was found
regarding both qualitative (positive or negative)
and semiquantitative staining results (Po0.0001; w2

test; weighted k¼ 0.67; 95% confidence inter-
val¼ 0.58–0.76). The overall accuracy between the
two antibodies was 86% with each 9% negative and
77% positive staining. E-cadherin showed no
significant association with MUC1 (weighted
k¼ 0.008; 95% confidence interval¼�0.08–0.06;
P¼ 0.8). Regarding semiquantitative analysis,
MUC1 (MA695) immunoreactivity of more than
50% of tumor cells was found in 68/133 (51%)
conventional, 15/22 (68%) chromophobe, and 11/20
(55%) papillary cancers.

For MUC1 and E-cadherin, no association with
pT-stage was found among the histological subtypes.
Regarding tumor grade, papillary carcinomas
showed stronger MUC1 immunoreactivity in low-
grade (MA695: G1/G2 12/14 (86%) vs G3 1/6 (17%);
P¼ 0.007, Fisher’s exact test; E29: G1/G2 8/14 (57%)
vs G3 0/6 (0%); P¼ 0.04, Fisher’s exact test) tumors,
whereas for the other subtypes no association was

Figure 1 MUC1 immunoreactivity in non-neoplastic renal tissue
and renal cell carcinoma. (a) Staining of normal distal tubule
epithelium with apical membranous accentuation. Apical (b) and
circumferential (c) membranous staining in moderately differ-
entiated conventional carcinoma. Additional diffuse cytoplasmic
staining (d) in sarcomatoid areas of poorly differentiated conven-
tional-type cancer. Strong apical membranous MUC1 expression
in papillary (e), characteristic diffuse cytoplasmic staining pattern
of chromophobe tumors (f).
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found. E-cadherin immunoreactivity, however, was
seen more often in high-grade conventional (G1/G2
1/83 (1%) vs G3/G4 6/48 (13%); P¼ 0.01, Fisher’s
exact test) and high-grade papillary (G1/G2 0/14
(0%) vs G3/G4 3/6 (50%); P¼ 0.02, Fisher’ s exact
test) renal cancers.

Regarding histological subtypes, statistically sig-
nificant associations were found for MA695
(P¼ 0.03; w2 test), E29 (P¼ 0.01; w2 test), and
E-cadherin (Po0.0001; w2 test). E-cadherin immuno-
reactivity showed a statistically significant differ-
ence, especially between conventional (7/131, 5%)
and chromophobe carcinomas (21/22, 95%;
Po0.0001, Fisher’s exact test; Figure 3b). Moreover,
E-cadherin immunoreactivity of more than 50% of
cancer cells was found in 15/22 (68%) chromophobe
compared to 1/131 (1%) conventional carcinomas
(Po0.0001, Fisher’s exact test). Regarding papillary
carcinomas, MA695 immunoreactivity was found in
12/12 (100%) type 1 and 1/8 (13%) type 2 papillary
carcinomas (P¼ 0.0001, Fisher’s exact test; Figure
1e), E29 immunoreactivity in 8/12 (67%) type 1 and
0/8 (0%) type 2 papillary carcinomas (P¼ 0.005,
Fisher’s exact test), and E-cadherin in none of 12
type 1 compared to 3/8 (38%) type 2 papillary
carcinomas (P¼ 0.049, Fisher’s exact test), respec-

tively. In conventional carcinomas with sarcomatoid
change, the sarcomatoid component always lacked
E-cadherin immunoreactivity.

Differences with respect to cellular staining
patterns for MUC1 were found between histological
subtypes: conventional and papillary carcinomas
presented with a predominantly membranous
(either apical or circumferential, Figure 1b, c) or
with mixed membranous and diffuse cytoplasmic
staining (Figure 1d); no case with diffuse cytoplas-
mic staining without membranous immunoreacti
vity was seen. Chromophobe carcinomas, in con-
trast, showed diffuse strong cytoplasmic staining
(Figure 1f) in 17/22 (77%) cases, a minority of the
cases showing an additional membranous immunor-
eactivity (Po0.0001; w2 test).

Furthermore, cellular staining patterns of MUC1-
positive conventional cancers showed a statistically
significant association with both pT-stage (P¼ 0.002;
w2 test) and tumor grade (P¼ 0.001; w2 test): pre-
dominantly apical membranous staining was seen in
low-stage (pT1/pT2 48/63 (76%) vs pT3 20/49
(41%); P¼ 0.0002, Fisher’s exact test) and low-grade
(G1/G2 54/73 (74%) vs G3/G4 14/39 (36%);

Figure 2 Conventional renal cell carcinoma showing identical
staining patterns with the two different MUC1 antibodies MA695
(a) and E29 (b) in serial sections.

Figure 3 Strong membranous E-cadherin immunoreactivity of
non-neoplastic distal tubule epithelium (a); note faint basal
cytoplasmic staining of some proximal tubular cells. Distinct
circumferential membranous staining of chromophobe renal cell
carcinoma is shown in (b).

MUC1 (EMA) and E-cadherin in renal cell carcinoma
C Langner et al

184

Modern Pathology (2004) 17, 180–188



P¼ 0.0001, Fisher’s exact test) tumors, whereas a
predominantly circumferential membranous stain-
ing (with or without additional diffuse cytoplasmic
immunoreactivity) prevailed in high-stage tumors.
By comparing MA695 and E29 immunoreactivities,
a significant agreement between the two antibodies
was noted regarding different cellular staining
patterns (Po0.0001; w2 test).

Survival Analysis

A complete follow-up was available in 131/137
(96%) patients with conventional renal cell carci-
nomas. After a mean follow-up of 26 months and a
median follow-up of 24 months, progressive disease
was observed in 29/131 (22%) patients including 15
patients who died from cancer and 14 patients who
are currently alive with metastatic disease. Three
patients died from causes unrelated to renal cancer.
The Cox proportional hazards regression model
proved tumor stage and grade as independent
prognostic factors regarding disease-free survival:
stage pT3 tumors showed a relative risk (RR) of 4.1
(95% confidence interval¼ 1.33–12.59, P¼ 0.01)
compared to stages pT1 and pT2. The RR of grade
3 and 4 tumors was 17.2 (95% confidence inter-
val¼ 4.83–60.98, Po0.0001) compared to grades 1
and 2.

MUC1: Semiquantitative analysis of immunoreac-
tivity yielded a significant influence on disease-free
survival of patients with conventional tumors only
in stages pT3a and pT3b (58 patients evaluable)
using a cutoff value of 75% of positive cancer cells:
13/39 (33%) patients with MUC1 expression in less
than 75% of cancer cells (including MUC1-negative
tumors) developed metastatic disease compared to
12/19 (63%) patients with MUC1 immunoreactivity
in more than 75% of cancer cells (P¼ 0.02; log-rank
test; Figure 4). With regard to analysis of cellular
staining patterns (107 patients evaluable), however,
highly significant differences in disease-free survi-
val were detected: metastatic disease developed in

5/61 (8%) conventional tumors with predominantly
apical membranous staining compared to 20/46
(43%) conventional tumors with predominantly
circumferential membranous staining (with or with-
out additional diffuse cytoplasmic staining;
Po0.0001; log-rank test; Figure 5).

E-cadherin: No significant influence of E-cadherin
expression on disease-free survival of patients with
conventional renal cancers was noted: 26/124 (21%)
patients with E-cadherin-negative tumors compared
to 3/7 (43%) patients with E-cadherin-positive
tumors developed metastatic disease. The difference
was not significant (P¼ 0.3; log-rank test).

Discussion

The immunoreactivity for MUC1 in the great
majority of renal cell carcinomas in our series is in
accordance with the results obtained in other
studies, in which immunoreactivity with
‘EMA’27,45–47 or ‘MUC1’3–6,28 antibodies was observed
in 43–100% of renal cell carcinomas. These studies
mainly dealt with conventional cancers. However,
by systematic analysis of the other histological
subtypes (classified according to the consensus
classification of renal neoplasia), we demonstrated
that MUC1 immunoreactivity is valuable in differ-
ential diagnosis, especially when the cellular stain-
ing pattern is taken into account: the
(predominantly) diffuse cytoplasmic staining was
significantly associated with the chromophobe sub-
type. The few conventional renal cancers with
diffuse cytoplasmic staining always showed a
predominant circumferential membranous staining.
For papillary carcinomas, our results confirmed
the results by Leroy et al,48 who noted a signifi-
cantly higher MUC1 expression in type 1 compared
to the more aggressive type 2 tumors, according to
the work of Delahunt and Eble.49,50 Moreover, a
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Figure 4 Disease-free survival (months) in patients with stage
pT3 conventional renal cell carcinoma using a cutoff value of
75% for MUC1 immunoreactivity (P¼0.02; log-rank test).
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systematic analysis comparing the antibody E29
(synonymous to EMA, raised against a delipidated
extract of human milk fat and now known to be
recognized as MUC1), with the novel antibody
MA695 (raised against a carbohydrate epitope of
the human MUC1 glycoprotein) has not yet been
performed in renal cell carcinoma. Interestingly, the
two different MUC1 antibodies showed similar, yet
not identical results. A slightly weaker immuno
reaction of E29 compared to MA695 was noted,
which might be explained by differences in epitope
masking due to different degrees of glycosylation.
Regarding the E29 antibody, 35% of conventional
renal cell carcinomas lacked staining compared to
14% of chromophobe tumors. These results are
compatible with other reports that noted EMA(E29)
positivity in as much as 100% of chromophobe
compared to 53–62% of conventional renal carcino-
mas.51,52 The MA695 antibody in our study, how-
ever, revealed similar semiquantitative staining
results for both subtypes, supporting our opinion
that for differentization of these types of cancer the
analysis of staining patterns is essential.

MUC1 expression has been reported to be asso-
ciated with high tumor grade and pT-stage as well as
tumor progression in studies concentrating on the
conventional subtype of renal cell carcinoma.3–6,27

These results are based on different criteria for
evaluation of immunoreactivity, since some authors
restricted themselves to a semiquantitative assess-
ment,4,27 whereas others also considered staining
patterns.3,5,6 With respect to semiquantitative analy-
sis of MUC1 immunoreactivity, we were unable to
reproduce the associations with pT-stage and grade.
The stronger immunoreactivity of low-grade papil-
lary carcinomas seems to be caused by stronger
staining of the less aggressive type 1 papillary
tumors. The additional analysis of staining patterns,
however, revealed a statistically significant associa-
tion with both pT-stage and tumor grade. Similar
results were obtained in our survival analysis: by
exclusive semiquantitative assessment of staining
comparable to the work by Leroy et al,5,6 our results
only reached low levels of significance. By con-
sidering the staining patterns, however, the results
turned out to be highly significant, confirming the
data obtained in breast cancer studies:26 While
predominantly apical staining was associated with
favorable outcome, the predominantly circumferen-
tial pattern was associated with poor prognosis,
which was even worse, when an additional diffuse
cytoplasmic staining was noted. Thus, the aberrant
diffuse cytoplasmic localization of MUC1 seems to
play an important role in determining disease
outcome. It might reflect defects in processing and
targeting pathways resulting from tumor cell de-
differentiation.26

According to the literature, E-cadherin expression
can be found in 18–88% of renal cell carcinomas.31–33,36

However, the validity of most studies is limited,
since either the histological subtypes of renal cancer

were not mentioned31,32 or were lumped to-
gether.33,36 In our study, we found a significantly
stronger reaction in chromophobe (95%) compared
to conventional renal cell carcinomas (5%) the
difference, however, was not as clear-cut as
stated before by Taki et al,52 who reported 100%
E-cadherin immunoreactivity (19/19) in chromo-
phobe compared to complete lack of staining (0/19)
in conventional renal cancer cases. Interestingly, we
noted a significant difference in staining between
type 1 and type 2 papillary renal cell carcinomas,
indicating that E-cadherin can be used as an
additional marker for the separation of these two
biologically distinct tumor entities. The lack of E-
cadherin immunoreactivity in the sarcomatoid tu-
mor components of 13 otherwise conventional
tumors in our series confirms the report by Kuroiwa
et al,53 who showed a decrease in E-cadherin
immunoreactivity in the sarcomatoid compared to
the better differentiated components in their study
of 11 cases of sarcomatoid renal cancers.

Whereas some authors noted a decrease of
E-cadherin immunoreactivity with rising tumor
grade and pT-stage,31,32,36 others failed to recognize
this association and detected E-cadherin immuno
reactivity even in the least differentiated tumors as
well as in metastases.35 The stronger expression of
E-cadherin in high-grade compared to low grade
conventional cancers in our study suggests that
impairment of E-cadherin function is independent
of actual loss of the protein from tumor cells, as has
been proposed earlier by Markovic-Lipkovski et al.33

Alternatively, E-cadherin expression may be of
minor biological importance in renal cancer, since
several other members of the cadherin family,
especially N-cadherin and cadherin 6, have been
detected in larger quantities. Their diagnostic and
prognostic significance, however, is still un-
clear.30,33,34,52,54 Finally, the stronger immunoreacti
vity of high-grade papillary carcinomas is probably
caused by the stronger staining of the more aggres-
sive type 2 papillary tumors.

Regarding prognosis, E-cadherin expression was
found to be independent of disease outcome in our
series. The results of other authors reporting a
significant association between loss of E-cadherin
expression and tumor progression31,32 could not be
reproduced. Since MUC1 is known to interfere with
E-cadherin-mediated cell adhesion in vitro,11–13 we
investigated a possible prognostic impact of MUC1
expression in patients with E-cadherin-positive
renal cell carcinomas. As shown above, however,
no influence could be detected in our series
and, overall, no association between MUC1 and
E-cadherin immunoreactivity was noted.

In summary, MUC1 immunoreactivity was shown
to be of prognostic significance in conventional
renal cell carcinomas, particularly when the cellular
staining patterns were considered. Moreover, MUC1
and E-cadherin immunoreactivity proved to be
valuable for the histopathological distinction of
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chromophobe and conventional as well as type 1
and type 2 papillary renal cancers. The two different
MUC1 antibodies yielded comparable staining re-
sults. No association between MUC1 and E-cadherin
immunoreactivity was found.
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