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A b s t r a c t

Uroplakins are specific differentiation products of
terminally differentiated superficial urothelial cells. We
tested the value of a new commercially available
monoclonal antibody against uroplakin III (clone AU 1)
as a paraffin-reactive immunohistochemical marker for
primary and metastatic urothelial carcinomas. The
study cases included 67 urothelial carcinomas of the
urinary tract (35 primary tumors, 32 metastases) and
318 nonurothelial carcinomas, as well as 5 benign
Brenner tumors and 2 transitional cell carcinomas of
the ovaries. Uroplakin III was detected in 21 (60%) of
the primary urothelial carcinomas and 17 (53%) of the
metastases, resulting in an overall sensitivity of 0.57.
The studied Brenner tumors also were immunoreactive
for uroplakin III. All other studied carcinomas were
consistently uroplakin III–negative (specificity 1.00).
We found the new monoclonal antibody AU 1 against
uroplakin III to be a highly specific paraffin-reactive
immunohistochemical marker for urothelial tumors with
a moderate sensitivity for the identification of primary
and metastatic urothelial carcinomas.

Uroplakins (UPs) comprise a group of 4 transmem-
brane proteins (UPs Ia, Ib, II, and III), which are specific
differentiation products of urothelial cells.1 In nonneoplastic
mammalian urothelium, UPs are expressed in the luminal
surface plasmalemma of urothelial superficial (umbrella)
cells,1-3 forming complexes of 16-nm crystalline particles.4

The mass distribution of these particles in the plasma
membrane is highly asymmetric, with extracellular domains
being considerably larger than intracellular domains,4 thus
creating the ultrastructurally distinctive asymmetric unit
membrane plaques, the outer leaflet of which is twice as
thick as the cytoplasmic leaflet.5,6

Moll et al7 reported that, when using a polyclonal anti-
body, UP III was immunohistochemically detectable in 29
(53%) of 55 and 23 (66%) of 35 of paraffin-embedded
primary and metastatic urothelial carcinomas, respectively,
whereas a large number of nonurothelial carcinomas were
consistently UP III–negative. The authors concluded that
UP III should be a valuable immunohistochemical marker,
especially for the highly specific identification of urothelial
carcinomas in patients with a metastatic carcinoma of
unknown primary site. Wu et al8 also studied carcinomas of
the urinary bladder with a paraffin-reactive polyclonal anti-
body against UP II and found a positive immunoreactivity
in 39.5% of conventional transitional cell carcinomas
(TCCs) in contrast with bilharzial-related squamous cell
carcinomas of the urinary bladder that expressed UP II in
only 1 (3%) of 36 cases. These results suggest that both
anti-UP II and anti-UP III might be of value for the specific
identification of primary or metastatic TCCs. Unfortunately,
to our knowledge, none of the described antibodies against
UP II and UP III is available commercially. Only quite
recently a monoclonal antibody (mab) against UP III (clone
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AU 1) became commercially available. In the present study,
we determined the specificity and sensitivity of mab AU 1
for the immunohistochemical identification of paraffin-
embedded primary and metastatic TCCs.

Materials and Methods

Selection of Cases

The surgical pathology files of the Charité University
Hospital, Berlin, Germany, were surveyed to retrieve repre-
sentative paraffin blocks for a total of 67 cases of urothelial
carcinomas and 318 cases of nonurothelial carcinomas
❚Table 1❚. The 35 primary urothelial carcinomas of the
urinary bladder (31 cases), the ureter (1 case), and the renal
pelvis (3 cases) included 11 moderately differentiated
(grade 2) and 24 poorly differentiated (grade 3) carci-
nomas. Fourteen cases were women (mean age, 72.8 years;
range, 56-97 years), and 21 were men (mean age, 68.6
years; range, 55-85 years). All tumors were at least stage
pT2 with muscle infiltration, including 26 pT2 tumors, 6
pT3 tumors, and 3 pT4 tumors according to the TNM
criteria of the Union Internationale Contre le Cancer.9 The
32 metastatic urothelial carcinomas comprised 10 grade 2
tumors and 22 grade 3 tumors. The patients with metastatic
urothelial carcinomas included 9 women (mean age, 65.9
years; range, 48-73 years) and 23 men (mean age, 67.4
years; range, 54-85 years).

All nonurothelial carcinomas were grade 2 or grade 3
tumors. Mucinous adenocarcinomas were not included. All

studied squamous cell carcinomas were of the noncorni-
fying type.

Apart from urothelial carcinomas of the urinary tract,
the only other group of tumors considered to show a true
transitional cell differentiation comprised benign and
malignant Brenner tumors and TCCs of the ovaries. To
study possible UP III expression in these tumors, we also
studied 2 poorly differentiated ovarian carcinomas with a
TCC pattern and 5 benign ovarian Brenner tumors. Unfor-
tunately, we could not identify malignant Brenner tumors
as defined in the World Health Organization classification,
ie, carcinomas with a TCC pattern and an associated
component of a benign or borderline Brenner tumor.10

Immunohistochemistry

Deparaffinized 3- to 5-µm sections were rehydrated,
and heat-induced epitope retrieval (HIER) was done by a
pressure cooker method11 in a 1-mmol/L concentration of
EDTA (Merck, Darmstadt, Germany), pH 8.0.12 Before the
application of the primary antibody, a biotin blocking step
was performed as described by Miller and Kubier.13 The
sections were incubated with mab AU 1 to UP III for 60
minutes at room temperature. The antibody was used at a
1:5 dilution of the commercially provided prediluted anti-
body solution (PROGEN, Heidelberg, Germany). The
bound primary antibody then was detected by a secondary
biotinylated antibody and a streptavidin–alkaline phos-
phatase conjugate according to the instructions of the
manufacturer (Super Sensitive System, BioGenex, San
Ramon, CA). New fuchsin (Merck) and naphthol AS-BI
phosphate (Sigma, Deisenhofen, Germany) were used as
the chromogen and substrate.

Positive immunostaining was graded semiquantita-
tively according to the percentage of immunoreactive tumor
cells (1%-25%, 26%-50%, 51%-75%, >75%). Immuno-
staining of more than 1% of the tumor cells was required
for scoring a positive reaction. Furthermore, we assessed
the distribution of immunoreactive tumor cells (diffuse vs
heterogeneous) and evaluated the cellular staining patterns
in UP III–positive tumors, differentiating between membra-
nous (including luminal, intercellular, and peripheral) and
cytoplasmic staining signals.7 The staining of umbrella
cells in normal urothelium served as the positive control.
For negative controls, a limited number of cases was
stained by substituting the primary antibody by an isotypic
(IgG1) mouse serum (DAKO, Hamburg, Germany).

The specificity and sensitivity of UP III immunoreac-
tivity for urothelial carcinomas were calculated as follows:

Specificity = True Negative Cases/True Negative Cases
+ False Positive Cases

Sensitivity = True Positive Cases/True Positive Cases 
+ False Negative Cases
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❚Table 1❚
Nonurothelial Carcinomas

Tumor No. (Primary Tumor)  

Breast carcinoma 39 (0)  
Colon carcinoma 21 (0)  
Ovarian carcinoma 25 (12)  
Pancreatic carcinoma 13 (0)  
Gastric carcinoma 27 (0)  
Biliary tract carcinoma 16 (7)  
Hepatocellular carcinoma 7 (5)  
Renal cell carcinoma 32 (0)  
Urachal carcinoma 2 (2)  
Squamous cell carcinoma 36 (7)     
Head/neck 21 (0)     
Cervix uteri 15 (7)  

Carcinoma of the lung 53 (20)     
Adenocarcinoma 16 (4)      
Squamous cell carcinoma 22 (11)     
Large cell carcinoma 15 (5)  

Adrenocortical carcinoma 3 (1)  
Prostatic carcinoma 15 (6)  
Endometrial carcinoma 8 (7)  
Thyroid carcinoma 7 (5)  
Anal carcinoma 8 (7)  
Embryonal carcinoma 6 (0)  
Total 318 (79)  
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Statistical Analysis

A possible association of tumor grade and tumor stage
(pT2 vs higher stages for primary tumors) with UP III
expression in urothelial carcinomas was analyzed with the
Fisher exact test using 2 ·2 contingency tables (2-sided P
value < .05).

Results

Immunoreactivity for UP III in Nonneoplastic Tissues

In nonneoplastic tissue, anti-UP III was detectable
exclusively in normal urothelium of the urinary bladder,
ureter, and renal pelvis. The antibody strongly decorated
the luminal surfaces of the umbrella cells ❚Image 1❚ and
showed a weak cytoplasmic staining signal in some
umbrella cells and single cells of deeper urothelial cell
layers. Furthermore, a luminal staining signal was seen in
the von Brunn nests (Image 1). All other normal tissues
were completely UP III–negative.

Immunoreactivity for UP III in Urothelial Carcinomas of
the Urinary Tract

UP III was detectable in 21 (60%) of 35 primary
urothelial carcinomas and in 17 (53%) of 32 metastases
❚Table 2❚, resulting in an overall sensitivity of 0.57. Sixteen
of 26 pT2 tumors and 5 of 9 pT3/pT4 tumors were UP
III–positive. Tumor grade and stage had no statistically
significant influence on the proportion of UP III–positive
urothelial carcinomas. Especially in the group of carci-

nomas with less than 50% UP III–positive tumor cells, the
immunoreactivity often was distributed heterogeneously.
Most often, staining signals showed a membranous pattern
with or without an additional cytoplasmic component. The
membranous patterns were seen as varying combinations of
intercellularly, peripherally, and luminally ❚Image 2❚ and
❚Image 3❚ located staining signals. In only 2 metastatic UP
III–positive urothelial carcinomas, the cytoplasmic
immunoreactivity was predominant with only a minor
component of membranous positivity ❚Image 4❚. No UP III
immunoreactivity could be seen in areas of squamous
differentiation.

Immunoreactivity for UP III in Ovarian TCCs and
Benign Brenner Tumors

The 2 studied ovarian TCCs were UP III–negative. All
Brenner tumors were UP III–positive, showing a heteroge-
neously distributed luminal immunoreactivity similar to the
staining pattern in the von Brunn nests ❚Image 5❚. As the
staining signals were limited to the luminal surfaces of the
cell nests, the total number of UP III–positive cells did not
exceed 10% in any case.

Immunoreactivity for UP III in Nonurothelial
Carcinomas

All nonurothelial carcinomas studied were consistently
negative for UP III, resulting in a specificity of 1.00 for
positive UP III staining for urothelial carcinomas or 0.95 if
a 0.05 confidence limit is applied.

Discussion

In the present study, we tested the specificity and
sensitivity of the commercially available monoclonal anti-
body AU 1 against UP III as an immunohistochemical
marker for primary and metastatic urothelial carcinomas. In
normal urothelium, the immunoreactivity of mab AU 1
essentially was restricted to the luminal cell membranes of
terminally differentiated superficial cells and the von Brunn
nests. This pattern of expression is typical for uroplakins,
as was shown by immunohistochemical7,8,14 and in situ
hybridization studies.15

In urothelial carcinomas, we detected UP III in 60%
(21/35) of the primary tumors and in 53% (17/32) of the
metastases. To our knowledge, the only other study dealing
with the expression of UP III in primary and metastatic
urothelial carcinomas is described in the seminal paper of
Moll et al,7 who used a polyclonal anti-UP III antiserum.
These authors detected UP III in 66% of metastatic TCCs,7

a percentage of immunoreactive tumors that is considerably
higher than the 53% of UP III–positive metastases of
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❚Image 1❚ Membranous immunoreactivity for uroplakin III in
the superficial cells of normal urothelium. Note the luminal
staining in the von Brunn nests (original magnification, ·66).
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❚Table 2❚
Uroplakin III Immunoreactivity in Primary and Metastatic Urothelial Carcinomas of the Urinary Tract

Total No. (%) of
Urothelial Carcinomas 0 1-25 26-50 56-75 >75 Positive Cases

Primary tumors           
Grade 2 (n = 11) 5 2 3 1 0 6 (54)     
Grade 3 (n = 24) 9 4 6 5 0 15 (62)     
Total (n = 35) 14 6 9 6 0 21 (60)  

Metastases           
Grade 2 (n = 10) 4 3 1 2 0 6 (60)     
Grade 3 (n = 22) 11 3 4 3 1 11 (50)     
Total (n = 32) 15 6 5 5 1 17 (53)  

❚Image 2❚ Metastatic urothelial carcinoma with a mix of
intercellular, peripheral, luminal, and cytoplasmic immuno-
reactivity (original magnification, ·50).

❚Image 3❚ Uroplakin III–positive metastatic urothelial carci-
noma with an almost pure peripherally located membra-
nous staining pattern (original magnification, ·25).

❚Image 4❚ Lymph node metastasis of a urothelial carcinoma
showing a dominant cytoplasmic uroplakin III immunoreac-
tivity (original magnification, ·25).

❚Image 5❚ Benign Brenner tumor with a luminal uroplakin III
immunoreactivity, similar to the staining pattern in the von
Brunn nests (original magnification, ·132).

Positive Cells (%)
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urothelial carcinomas in the present study. The reasons for
these discrepant results are unclear, especially as the
percentage of UP III–positive primary tumors reported by
Moll et al7 (53%) was lower than the percentage of UP
III–positive primary tumors in our study (60%).

From a practical viewpoint, it is worth mentioning that
the staining signal in UP III–positive tumors often was
distributed heterogeneously. Therefore, it is possible that in
very small specimens and needle biopsy specimens false-
negative staining results can occur owing to sampling
errors. Identical to the results with polyclonal anti-UP III,7

we detected no immunoreactivity with mab AU 1 in
nonurothelial carcinomas. Except for urothelial carcinomas
of the urinary tract, the only other UP III–positive tumors
in our study were benign Brenner tumors. Given the high
specificity of UP III expression for urothelial tissues, the
detection of UP III in Brenner tumors is further evidence of
their true transitional cell differentiation. Because of the
expression of UP III in benign Brenner tumors, the possi-
bility cannot be excluded that ovarian carcinomas with a
major or minor transitional cell component also express UP
III, at least in some cases. The lack of a UP III expression
in the ovarian TCCs in the present study possibly was due
to the low number of studied tumors (2 cases). Therefore,
although positive immunoreactivity for UP III proves a true
urothelial differentiation of an epithelial tumor, investiga-
tors should be cautious about using anti-UP III as marker
for a TCC of the urinary tract if an ovarian carcinoma has a
high a priori probability. In this context, it is worth
mentioning that up to 23.5% of nonlocalized ovarian carci-
nomas were reported to show a major or minor TCC
pattern.16

We found the commercially available mab AU 1
against UP III to be a moderately sensitive and highly
specific paraffin-reactive immunohistochemical marker for
primary or metastatic urothelial carcinomas. Therefore,
mab AU 1 might be a useful component of antibody panels
for the immunohistochemical analysis of metastatic carci-
nomas of unknown primary site and for the discrimination
of primary urothelial carcinomas from other primary carci-
nomas of the urogenital tract.

From the Institute of Pathology, Charité University Hospital,
Berlin, Germany.

Address reprint requests to Dr Kaufmann: Institute of
Pathology, Charité University Hospital, Schumannstr. 20/21,
10117 Berlin, Germany.
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