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ABSTRACT

The expression of uroplakins, the tissue-specific and differentiation-dependent membrane proteins of the urothelium, was analyzed
immunohistochemically in N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN)-treated rats and mice during bladder carcinogenesis. Male
Fischer 344 rats were treated with 0.05% BBN in the drinking water for 10 wk and were euthanatized at week 20 of the experiment.
BBN was administered to male B6D2F1 mice; it was either provided at a rate of 0.05% in the drinking water (for 26 wk) or 5 mg
BBN was administered by intragastric gavage twice weekly for 10 wk, followed by 20 wk without treatment. In rats, BBN-induced,
noninvasive, low-grade, papillary, transitional cell carcinoma (TCC) showed decreased uroplakin-staining of cells lining the lumen
but showed increased expression in some nonluminal cells. In mice, nonpapillary, high-grade dysplasia, carcinoma in situ, and invasive
carcinoma were induced. There was a marked decrease in the number of uroplakin-positive cells lining the lumen and in nonluminal
cells. This occurred in normal-appearing urothelium in BBN-treated mice and in dysplasic urothelium, in carcinoma in situ, and in
invasive TCC. The percentage of uroplakin-positive nonluminal cells was higher in control mice than in rats, but it was lower in the
mouse than in the rat after BBN treatment. Uroplakin expression was disorderly and focal in BBN-treated urothelium in both species.
These results indicate that BBN treatment changed the expression of uroplakins during bladder carcinogenesis, with differences in
rats and mice being related to degree of tumor differentiation.

Keywords. Uroplakins; differentiation; bladder cancer; cell membranes

INTRODUCTION

Uroplakins are the major protein components of the
asymmetric unit membrane (AUM). The AUM is a spe-
cialized plasma membrane representing urothelial termi-
nal differentiation, which is unique to the luminal surface
of superficial cells and of the intracytoplasmic vesicles
(17, 20). Possible functions of the AUM include the fol-
lowing : it may act as a permeability barrier; it may act
as a means of stabilizing the apical bladder surface; and
it may act as a supramolecular device to change the sur-
face area of the plasma membrane during expansion or
contraction of the bladder. Uroplakins are synthesized in
the endoplasmic reticulum, concentrated and modified in
the Golgi complex, and then incorporated into the mem-
brane of intracytoplasmic fusiform vesicles and into the
plasmalemma. Uroplakins are mainly produced in cells
of the superficial layer of the urothelium. Uroplakins con-
sist of 4 components: the 27-kDa uroplakin Ia; the 28-
kDa uroplakin Ib; the 15-kDa uroplakin II; and the 47-
kDa uroplakin III (10, 17-20). Together they form 16-

nm twisted ribbon-shaped particles that are arranged in
a well-ordered, hexagonal lattice with p6 symmetry (15).
These 4 uroplakins are conserved through a broad range
of mammalian species, including human, monkey, cattle,
sheep, pig, dog, rabbit, rat, and mouse (16).

Previous experiments investigating uroplakins in vari-
ous carcinogen-treated rat bladders showed that the pat-
terns of expression of these proteins were modified dur-
ing carcinogenesis (13). In the control bladder, the lu-
minal surface membrane of the superficial cells stains
strongly positive for uroplakins, but there is no cytoplas-
mic staining and no staining of basal intermediate cells.
The genotoxic carcinogen N-[4-(5-nitro-2-furyl)-2-thia-
zolyl]formamide (FANFT) induces simple hyperplasia, in
which uroplakin expression is discontinuous and disor-
derly, not only in the superficial cells but also in the
intermediate cells. The nongenotoxic carcinogens uracil,
sodium saccharin, and sodium ascorbate also induce sim-
ple hyperplasia, but the staining of the superficial cells
remains continuous and orderly. Occasional intermediate
cells of the bladder also stained positive for uroplakins
in uracil-fed rats (13). In carcinoma induced by FANFT
in rats, uroplakin expression is scarce, disorderly, and fo-
cal and is usually not present in the cells lining the blad-
der lumen (13).

N-Butyl-N-(4-hydroxybutyl)nitrosamine (BBN), like
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FANFT (4-6), is a genotoxic carcinogen that is widely
used in animal bladder-carcinogenesis studies (2, 8).
Several investigators have demonstrated that bladder car-
cinomas in rats are generally multiple, papillary, and non-
invasive until late in the rat’s life (greater than 1 yr of

age) (4, 6, 8). In contrast, bladder carcinomas in mice
tend to be nonpapillary, invasive, and high grade (2).
Dysplasia and carcinoma in situ occur early in the treat-
ment (by 12 wk) (2).

In the present study, the expression patterns of uro-
plakins were immunohistochemically compared in rats
and mice during bladder carcinogenesis induced by BBN.

MATERIALS AND METHODS

The use of animals in these studies followed the guide-
lines provided in the National Research Council’s (1996)
The Guide for Care and Use of Laboratory Animals and
was approved by the University of Nebraska Medical
Center Institutional Animal Care and Use Committee.

Rat Study. Ten male Fischer 344 (F344) rats (Charles
River Japan, Inc., Atsugi, Japan) (4 wk of age) were
housed 5 to a plastic cage with hard-wood chip bedding
under environmental conditions maintained at 21°C and
55% humidity. Basal diet (pelleted Oriental MF, Oriental
Yeast Co., Ltd., Tokyo, Japan) was provided ad libitum.
The BBN was obtained from Izumi Chemical Research

Laboratory (Yokohama, Japan), diluted to 0.05% with tap
water, and this mixture was then provided as drinking
water (ad libitum) for 10 wk. After withdrawal of BBN
administration, tap water without added chemicals was
available ad libitum. At 20 wk, the rats were euthana-
tized, and urinary bladders were inflated in situ with 10%
phosphate-buffered formalin, divided into longitudinal
strips, and processed for routine paraffin embedding; 4-
6-lim sections were stained either with hematoxylin and
eosin or using immunohistochemical methods.
Mouse Study. Male 4-wk-old B6D2F, mice (Charles

River Breeding Laboratories, Inc., Kingston, NY) were
housed in plastic cages (4-6/cage) with dry corn-cob
bedding. At 5 wk of age, using a weight-stratification
method (12), they were randomly divided into 3 groups
of 45 each. The animal room was maintained at a tem-

perature of 22°C and a relative humidity of 50%. The
BBN was purchased from the same company as was used
for the rat study. BBN was administered to 2 different
groups by different routes. In group 1, BBN was diluted
with tap water to a concentration of 0.05%, and this mix-
ture was given (ad libitum) in the drinking water during
the entire 26 wk during which this group was maintained
in the study. In group 2, 5 mg of BBN was administered
by gastric gavage (in 0.1 ml of 20% ethanol) to each
mouse twice per week for 10 wk. These mice were then
maintained without treatment for an additional 20 wk (to-
tal of 30 wk for this group). As a control, the same
amount of 20% ethanol was administered to mice in

group 3 (twice weekly for 10 wk), and the mice were
then maintained for an additional 20 wk without gavage
(total of 30 wk, as in group 2). Basal diet (Prolab 3200,
Agway, St. Mary’s, OH) was provided ad libitum. Ten
mice from each group were euthanatized at week 12 of
the experiment. Since few mice in group 1 remained alive

and because they were all showing evidence of bladder
tumors (hematuria) and/or weight loss, all surviving mice
from the BBN-drinking water group were sacrificed at
week 26 of the experiment. The remaining mice in groups
2 and 3 were sacrificed at week 30. The bladders were
inflated in situ using Bouin’s fixative, removed, and
placed in Bouin’s fixative. After fixation, the bladders
were rinsed with 70% ethanol, cut longitudinally into
strips, processed for routine embedding in paraffin, and
stained with hematoxylin and eosin or immunohisto-
chemical procedures.

Immunohistochemical Analysis. The avidin-biotin-

peroxidase complex method (7) using the ABC kit (Vec-
tor Laboratories, Inc., Burlingame, CA) was performed
to detect uroplakin expression. After deparaffinization,
formalin-fixed rat bladder sections were heated by micro-
wave with antigen-retrieval solution (BioGenex Labora-
tories, San Ramon, CA). Bouin’s-fixed mouse sections
were incubated with 1 % nonfat skim-milk solution. Anti-
AUM antibody consisted of rabbit antiserum made

against highly purified bovine AUM (17), which reacts
with all 4 uroplakins and cross-reacts with the uroplakins
in all other species evaluated, including rats and mice. It
was applied to tissue sections at a 1:104 dilution for 2 hr.
Diaminobenzidine was used as a substrate, and hematox-
ylin was used as a nuclear counterstain.

Typical lesions were diagnosed as simple hyperplasia,
papillary and nodular (PN) hyperplasia, dysplasia, pap-
illoma, carcinoma in situ, papillary carcinoma, and in-
vasive carcinoma (2, 3). The percentage of uroplakin-
positive cells was determined by evaluating approximate-
ly 300 superficial and 1,200 intermediate bladder urothe-
lial cells in rats and approximately 100 superficial and
400 intermediate cells in mice. Statistical analyses were
performed with a generalized linear model procedure
(SAS Institute, Inc., Cary, NC). Multivariate analysis of
variance (14) was used for multiple comparison of means
for percentage data.

RESULTS

Rat Study
The typical pattern for uroplakins in control rat blad-

ders was limited to staining of the luminal membrane of
the superficial cells (Fig. la). The normal-appearing rat
urothelium of the BBN-treated group showed the same

staining pattern as was seen in control rats. In the simple
hyperplasia and PN hyperplasia (Fig. lb) that were in-
duced in the BBN-drinking water group of rats, almost
all superficial cells showed uroplakin expression. Occa-
sional expression was also observed in intermediate cells,
even when these cells were not directly adjacent to su-
perficial cells. In rat papillary transitional cell carcinoma
(Fig. 1 c), which is low grade and noninvasive, some cells
lining the lumen did not express uroplakins, whereas sev-
eral nonluminal cells did express uroplakins. As has been
shown by scanning electron microscopy (1, 9), the cells
at the luminal surface of these bladder tumors are not

terminally differentiated superficial cells but, rather, have
microvilli on their surfaces instead. The rate of positive-
staining nonluminal cells varied depending on histology.

 at UNIV ESTDL PAULISTA DE MESQIT on February 25, 2014tpx.sagepub.comDownloaded from 

http://tpx.sagepub.com/
http://tpx.sagepub.com/


647

Essentially, the more differentiated (lower grade) the tu-
mor, the greater the expression of uroplakins that was
observed in luminal cells.

Mouse Study
In control mice, there was staining of superficial cells

similar to that seen in the rat, but there was also staining
of some intermediate cells (Fig. 2a). These positive-stain-
ing intermediate cells have been reported by Lin et al
(11) and were directly adjacent to positive-staining su-
perficial cells. In contrast to the rat, there was a lack of
uroplakin expression in intermediate cells and also in
some superficial cells in the bladders of both groups of
BBN-treated mice at week 12, even when the histology
was normal by light microscopy. Further decreases in the
proportion of uroplakin-positive superficial cells were
seen in the simple hyperplasia in the BBN-treated groups
(Fig. 2b). In the rat, the sequence of bladder carcinogen-
esis progresses through PN hyperplasia, papillomas, and
finally, through low-grade, papillary carcinomas. In con-
trast, bladder carcinogenesis in mice administered BBN
in the drinking water or by gavage progresses through a
sequence characterized by mild simple hyperplasia, dys-
plasia, flat carcinoma in situ, and then invasive, nonpapil-
lary, high-grade carcinoma. Three carcinomas in situ
were found in the BBN-drinking water group at week
12, and invasive carcinoma was observed in 1 BBN-ga-
vage-treated mouse at week 12 and in most mice of both
BBN-treated groups at the end of the experiment. Only
a few uroplakin-positive cells were observed in any of
these in situ or invasive carcinomas (Fig. 2c).

Severe hydronephrosis was often found in mice that
had been treated with BBN and that died during the
course of the experiment, and by the end of the experi-
ment, renal pelvic carcinomas also developed in response
to both routes of BBN treatment. The uroplakin-expres-
sion pattern in the renal pelvis lesions was similar to that
seen in the bladder-characterized by occasional luminal-
lining cells that did not stain for uroplakins and few pos-
itive-staining intermediate cells in the early hyperplastic
lesions (Fig. 2d). Cells in the pelvic carcinomas rarely
stained for uroplakins. A similar pattern of staining was
seen in the ureter. Occasional uroplakin expression was
also observed in the cells lining the renal papilla.
The percentages of uroplakin-positive cells in the var-

ious bladder lesions are summarized in Table I. At the
luminal surface, 100% of the superficial cells of control
animals were uroplakin positive in the rat and mouse.
BBN treatment caused a significant decrease in uroplakin
expression in mouse urothelium in all lesions through
carcinoma. Normal-appearing epithelium in these mice
also showed significantly decreased uroplakin expression.
The decreased expression was greater in the mouse than
in the rat.

In nonluminal urothelial cells, the percentages of uro-
plakin-positive cells in control mice were higher than
those in rats. Following BBN treatment, the number of
uroplakin-positive cells significantly increased in the rat,
but this number decreased in the mouse.

In the rat, several luminal-lining cells of papillary car-
cinomas showed uroplakin expression. Dysplasia and car-

cinoma in situ in the mouse showed some uroplakin ex-
pression at the luminal surface, but invasive carcinomas
showed few cells that were expressing uroplakin.

DISCUSSION

In the present experiment, we demonstrated alterations
in uroplakin expression following BBN administration in
both rat and mouse bladder urothelium. Although chang-
es in expression differed in rats and mice, they appeared
early during BBN-induced urothelial carcinogenesis in
both species. Two types of changes were recognized in
both species: 1) the disappearance of uroplakin expres-
sion in the cells lining the lumen; and 2) the appearance
of occasional intermediate cells that expressed uroplakins
in a disorderly and discontinuous pattern. With the de-
velopment of carcinomas, uroplakin expression gradually
disappeared, except for rare positively stained cells.
These phenomena were also observed in our previous
study in rats that were administered FANFT, uracil, so-
dium saccharin, or sodium ascorbate (13). The uroplakin-
expression pattern in BBN-treated rat bladder during the
morphologic evolution of carcinogenesis was similar to
that observed with FANFT, another genotoxic carcino-
gen. Similar expression was observed, despite formalin
fixation, in the BBN rat experiment, in contrast to that
observed with Bouin’s fixation in the FANFT rat exper-
iment. The changes appeared more gradually and were
less severe in rats that were administered nongenotoxic
chemicals, such as uracil, sodium saccharin, or sodium
ascorbate.
The change in expression of uroplakins in the urothel-

ium during bladder carcinogenesis represents alterations
in differentiation that occur during the process. Uroplak-
ins are the major proteins making up the asymmetric unit
membrane that is characteristic of terminal differentiation
of the urothelium (17). During carcinogenesis, the ability
of the urothelium to terminally differentiate is gradually
lost. This has been demonstrated by the loss of the mi-
croridge pattern on the urothelial luminal surface, as ob-
served with scanning electron microscopy (1, 9), by the
loss of fusiform vesicles with asymmetric unit membrane
(1), and in the present study, by the loss of uroplakin
expression. With genotoxic carcinogens such as BBN or
FANFT, the expression of uroplakins decreases very early
in the process, even when there is only slight simple hy-
perplasia. With progression of the lesions to carcinoma,
uroplakin expression decreases markedly, and occasion-
ally, it completely disappears in invasive carcinomas. Al-
though staining for uroplakins is discontinuous in cells
lining the lumen of the bladder in hyperplasia, these cells
generally are not the usual fully differentiated &dquo;umbrel-
la&dquo; superficial cells of the urothelium, but rather, they
more closely resemble the smaller intermediate cells of
the urothelium. Expression of uroplakins in these cells or
in intermediate cells away from the lumen may represent
aborted attempts at differentiation. The lack of AUM in-
dicates that terminal differentiation has not occurred.

Bladder carcinogenesis in the rat, when induced by
BBN or FANFT, usually produces low-grade papillary
carcinomas. These only infrequently become invasive or
high-grade in nature, and they do so at much later times
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FIG. 2.-Immunohistochemical staining for uroplakins in mice: (a) In control bladder, not only superficial cells but also intermediate cells express
uroplakins; (b) in a bladder with simple hyperplasia induced by BBN administration by gastric gavage, lack of expression in the luminal-lining
cells and intermittent expression in the intermediate cells is observed; (c) in bladder with invasive TCC induced by BBN administration in the
drinking water, some positive-staining luminal-lining cells are seen in the hyperplasia but not in the TCC; (d) in renal pelvis with hyperplasia
induced by BBN administration by drinking water, discontinuous staining for uroplakins is observed in the urothelium.

than the length of time of the present experiment allowed
(3, 8). These tumors most closely resemble low-grade
papillary bladder carcinomas in humans. The presence of
some uroplakin expression in these tumors is indicative
of the well-differentiated nature of the lesions. In con-
trast, bladder carcinogenesis in BBN-treated mice, wheth-
er the BBN is administered in the drinking water or by
gavage, produces hyperplasia, with the rapid appearance
of dysplasia and carcinoma in situ. The bladder tumors
that result are high-grade, nonpapillary, invasive carci-
nomas (2) that are similar to the nonpapillary bladder
tumors of humans. Given the poorly differentiated nature
of these lesions, even early on during carcinogenesis, it

is not surprising that uroplakin expression is more se-
verely and more rapidly lost than in the rat model.

In the present study, the loss of uroplakin expression
appeared to be more severe in the mice given BBN by
drinking water than in those given BBN by gavage. BBN
administration via drinking water also caused a higher
incidence of invasive bladder carcinoma, compared with
BBN administered by gavage. This might be related to
the total doses of BBN that were provided by adminis-
tration of BBN in the drinking water compared with the
doses provided by gavage administration. Also, BBN was
continuously administered for the entire experiment in
the drinking water group, whereas the gavage treatment

-

FIG. 1.-Immunohistochemical staining for uroplakins in rats: (a) In control bladder, expression is clearly observed at the luminal surface and
occasionally in the cytoplasm of superficial cells; (b) in a bladder with PN-hyperplasia induced by BBN administration in the drinking water, most
superficial cells and some intermediate cells express uroplakins; and (c) in a bladder with papillary TCC induced by BBN administration in the
drinking water, disorderly expression is observed in nonluminal cells.
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only lasted for 10 wk, followed by 20 wk with no treat-
ment. Since the rate of uroplakin-positive cells in the ga-
vage group tended to recover by week 30 in the nontu-
morous epithelium, compared with what was observed at
week 12, the alteration of uroplakin expression in simple
hyperplasia appears to be partially reversible, which cor-
responds to the reversibility of the early histopathologic
alterations.

Interestingly, uroplakin expression was also altered in
BBN-treated mouse kidney pelvis, which reflects the dys-
plastic and carcinomatous changes produced by BBN. In
contrast, FANFT- or BBN-treated F344 rat renal pelvis
develops mild simple hyperplasia but not carcinomas (4),
and the pelvic urothelium shows little change in uroplak-
in expression.

In summary, uroplakin expression is altered in urothe-
lial cells during carcinogenesis in rats and mice and is an
early event in the process, and differences between rats
and mice correlate with the striking differences in the
grade (differentiation) of the malignancies that develop.
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