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Abstract Expression of rat urinary bladder cathepsin E
in benign papillomatosis induced by uracil and various
stages of N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN)-
induced carcinogenesis was investigated immunohisto-
chemically. Seven-week-old, male F344/DuCrj rats were
used. In the normal urothelium of control rats, cathepsin
E stained in all layers of cells, although in umbrella cells
and some basal cells the reaction was relatively weak. In
rats given a diet containing 3% uracil for 5 weeks immu-
noreactivity of cathepsin E in uracil-induced papilloma-
tosis was consistently homogeneous in all layers, but
weaker than in normal urothelium. In rats given 0.05%
BBN in drinking water for 12 weeks and subsequently
maintained without treatment for 48 weeks cells with lit-
tle cathepsin E, never observed in normal urothelium, ap-
peared at 5 weeks above the basement membrane in the
earliest stage of BBN-induced urinary bladder cancer
(simple hyperplasia). Throughout the neoplastic process,
groups of cells with a little cathepsin E were randomly
distributed, with expression in the urothelium being
markedly unstable. Almost all areas of squamous cell
proliferation in TCC were negative for cathepsin E. In-
stability of cathepsin E expression in rat urothelium
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therefore appears characteristic for carcinogenesis and
offers the possibility of using this feature as an early bio-
marker for urinary bladder carcinogenesis.
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Introduction

Cathepsin E is a major intracellular aspartic proteinase in
mammals, present in a limited distribution [5, 6, 13,
15-17]. In man cathepsin E concentration is highest in
gastric mucosal cells, followed by the urinary bladder,
thymus, spleen, bone marrow, red blood cells, and neu-
trophils [3, 6, 8]. In gastric mucosal cells, it has been
suggested that cathepsin E may have important roles in
protein degradation or host defence mechanisms in the
gastric mucosal barrier [5]. Cathepsin E in human eryth-
rocytes may act in a self-destruction mechanism for re-
moving senescent or damaged cells from the circulation
[7]. Generally, despite many attempts to explain the lo-
calization and concentrations of cathepsin E in various
organs, only limited information is available, in contrast
to the situation with intracellular proteinase cathepsin D,
which has been well characterized [7, 8].

Various experimental models using rodents have been
established to study the various stages of chemical carci-
nogenesis [1, 2, 4, 12]. In some animal models, use of
putative preneoplastic lesions have been established to
predict the subsequent development of neoplastic chang-
es: for example, immunohistochemically demonstrated
glutathione S-transferase placental form (GST-P)-posi-
tive foci and pepsinogen isozyme 1 (Pgl)-altered pyloric
glands (PAPG) are applied for rat hepatocarcinogenesis
[2] and stomach carcinogenesis [12] respectively. Histo-
pathologically, those precancerous lesions often have rel-
atively normal appearances under the light microscope
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and therefore attention has been concentrated on their
identification by immunohistochemical procedures. The
premise that there is a good correlation between inci-
dence or number of these histopathological biomarkers
and cancer induction in the long term has been con-
firmed [2, 12].

The urinary bladder is one of the major target organs
of toxic and/or carcinogenic chemicals [4]. The initial
uracil-induced rat benign proliferative urothelial lesions
have been described as simple hyperplasia with later
papillary or nodular (PN) hyperplasia being replaced by
papillomatosis [9, 10]. In contrast, N-butyl-N-(4-hy-
droxybutylnitrosamine (BBN)-induced urinary bladder
carcinogenesis, while featuring simple and PN hyperpla-
sia, progresses to papillomas and cancers [1]. It is very
difficult to distinguish benign reversible hyperplastic
changes from preneoplastic lesions [11], which may act
as precursors for true tumours and a reliable marker for
preneoplastic changes in the urinary bladder is required
[4,14].

In the present study, we investigated the immunoreac-
tivity of rat cathepsin E in reversible uracil-induced pap-
illomatosis and control tissues, comparing the results
with findings for the various stages of BBN-induced car-
cinogenesis.

Materials and methods

Experimental protocols

BBN and uracil, 2,4-dioxypyrimidine were obtained from Tokyo
Kasei Kogyo, Tokyo, Japan. Seven-week-old, F344/DuCrj male
rats (Charles River Japan, Kanagawa) were used in the study. At
the beginning, they were randomly divided into three groups,
housed five to a plastic cage. The room temperature was con-
trolled at 22+2°C, and the relative humidity at 55+10%.

Experiment 1 was a control study of cathepsin E expression
in various organs. Animals were maintained without chemical
supplement for 30 weeks. At autopsy, forestomach, glandular
stomach, liver, kidney, spleen and urinary bladder tissues were
taken for evaluation. In experiment 2, rats were given a diet con-
taining 3% uracil, prepared by mixing weight quantities of uracil
and Oriental MF powdered diet with 2% corn oil in a stainless-
steel mixer for 30 min, for 5 weeks. After completion of the
uracil treatment all rats were given basal diet for 11 weeks. Sub-
groups of three rats were killed at days 2, 4, 6, 8 and weeks 2, 3,
5 of this period. In experiment 3, rats were treated initially with
0.05% BBN in their drinking water for 12 weeks. After the com-
pletion of BBN treatment, animals were given basal diet and wa-
ter without any chemical supplement for 48 weeks. Subgroups of
three to five rats were killed at weeks 1, 5, 9, 12, 18, 24, 30 and
60. During each experiment, the animals had free access to feed
and tap water ad libitum. Animals were killed by ether anaesthe-
sia, gross examinations were performed, and detailed examina-
tions of the urinary bladder were carried out after fixation. Nor-
mal tissue in experiment 1 and most of the abnormal tissue in ex-
periments 2 and 3 were fixed in 10% phosphate-buffered forma-
1in, but some tissues were also fixed in ice-cold acetone or subli-
mated formaldehyde, made from 6% HgCl, in a mixture of 5%
acetic acid and 4% formaldehyde. For microscopical examina-
tion, tissues were embedded in paraffin, sectioned, and routinely
stained with haematoxylin and eosin (HE). Pathologically diag-
nosed urinary bladder lesions induced by uracil and BBN were
classified as described previously [1, 9]. In the latter case these
comprised simple hyperplasia, PN hyperplasia and papilloma or
carcinoma.
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Fig.1 A Normal urothelium without any chemical supplement.
Cathepsin E is expressed relatively homogeneously in the cyto-
plasm of all epithelial cells. Expression in umbrella cells is weak
but cathepsin E negative cells are absent. Basement membrane and
submucosal tissues are negative. B, C Reversible changes in blad-
der epithelium induced by uracil. Cathepsin E is expressed homo-
geneously and relatively weakly in the reversible lesions, uracil-
induced simple hyperplasia (B) and papillomatosis (C). Fixed in
sublimated formaldehyde; A x400, B x200, C x100

Immunohistochemical staining

Anti-rat cathepsin E antibody was prepared as described previous-
ly [17]. The avidin-biotin-peroxidase complex (ABC) method was
used to determine the location of cathepsin E in each tissue sam-
ple. After deparaffinization, sections were treated with rabbit anti-
rat cathepsin E (1:8000). The sites of peroxidase binding were
demonstrated by the diaminobenzidine method. Sections were
then counterstained with haematoxylin for microscopical examina-
tion.



Fig. 2A-C Precancerous le-
sions induced by BBN. A At
week 9 areas of cells with little
cathepsin E were presented.
Some individual cells with little
cathepsin E appeared right
above the basement membrane.
B Nodular hyperplasia and C
transitional cell papilloma were
observed during weeks 12-18
with contrasting groups of cells
(C). Fixed in formalin; x100

Results

Experiment 1

In normal gastric mucosa, cathepsin E was found to be
strongly expressed in parietal cells and foveolar epithe-
lial cells, although both oesophagous and forestomach
squamous epithelinm were negative. Strong immunore-
activity in the pyrolic glands was evident, especially in
sections from material fixed in sublimated formaldehyde.
In contrast to the generally negative reaction of kidney
tubules for cathepsin E, normal urothelium of the renal
pelvis consistently demonstrated an intensity of expres-
sion as strong as in the gastric mucosa.
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In normal urinary bladder epithelium of animals with-
out any chemical treatment, cathepsin E stained the cyto-
plasm of all layers of cells. However, immunoreactivities
of umbrella cells and some basal cells were weaker than
those in the middle layers (Fig. 1A). Basement mem-
brane and submucosal tissues were negative for cathep-
sin E.

Experiment 2

A large number of small stones filled the rat urinary
bladders in the first week and simple hyperplasia was
then observed (Fig. 1B). One week thereafter, flat hyper-
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Fig. 3A, B Transitional cell
carcinoma (TCC) observed af-
ter week 24. A In well-differen-
tiated (grade 1) TCCs, large
number of cells formed groups
with different cathepsin E ex-
pression. Fixed in formalin;
x25. B Immunoreactivities be-
came more unstable and varied
in individual neoplastic cells in
high-grade (grade 3) tumours.
Fixed in acetone; x25

Fig. 4 A Transitional cell car-
cinoma (TCC) with areas of
squamous cell differentiation
(arrows) at week 30. HE x50.
B Serial section of A. Superfi-
cial parts of the tumour tend to
have stronger expression. Areas
of squamous cell differentiation
(arrows) in TCC are totally
negative for cathepsin E. Fixed
in formalin; x50




plastic epithelial proliferation became papillary (uracil-
induced papillomatosis; Fig. 1C). Throughout the experi-
ment, cathepsin E was present in most epithelial cells but
its immunoreactivity was consistently low. There was lit-
tle variation in expression of cathepsin E between layers.

Experiment 3

In a first week of BBN administration, urinary bladder
epithelium in HE-stained sections presented almost nor-
mal features. However, cathepsin E immunoreactivity of
epithelial cells was irregular, most of them demonstrat-
ing stronger expression than normal but others becoming
weaker. However, cells with very little cathepsin E did
not appear until week 5, when the transitional epithelium
became thickened to more than 5 layers (simple hyper-
plasia). Some cells with little cathepsin E initially ap-
peared right above the basement membrane and these
cells were independently and randomly distributed.

At week 9 and consistently thereafter, groups of cells
with little cathepsin E were present in both normally ap-
pearing epithelium and simple hyperplasia (Fig. 2A). PN
hyperplasias appeared from week 12 and contrasting ex-
pression of cathepsin E between evidently positive and
little cathepsin E areas became evident at this stage
(Fig. 2B). In most cases, cathepsin E immunoreactivity
tended to be stronger in the upper layer, despite the fact
that expression of cathepsin E in the upper layer of nor-
mal urothelium is usually weak due to the presence of
umbrella cells.

After the completion of BBN treatment, cathepsin E
expression in papillomas observed in week 18 resembled
that in PN hyperplasias (Fig. 2C). At week 24, transi-
tional cell carcinomas (TCC) were observed, most being
papillary. Relatively small or well-differentiated tumours
consisted of mixed groups of both faintly or weakly pos-
itive cells (Fig. 3A). No expression of cathepsin E in the
interstitial tissues of papillary tumours was found. The
superficial part of tumours tended to have stronger ex-
pression. Immunoreactivities of high grade or bulky tu-
mours observed at or after week 30 were relatively weak
and unstable; in addition, the heterogeneity of cathepsin
E expression became more complicated (Fig. 3B).

In parts of TCCs, small areas of squamous cell differ-
entiation with apparent keratinization were observed and
these were totally negative for cathepsin E (Fig. 4A,B).
Throughout the experiment, hyperplastic epithelium not
directly involved with tumours maintained irregular ex-
pression of cathepsin E, both positive and slight immu-
noreactivities for cathepsin E being present.

Discussion

Cathepsin E is known as a major intracellular proteinase
with a limited organ distribution [3, 5, 6, 8, 15-17]. In
the present study, immunohistochemical localization of
cells with strong cathepsin E expression was also limit-
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ed, in line with previous reports [7]. According to the
previous studies, subcellular localization of cathepsin E
in neutrophils suggested its function as a cytosolic en-
zyme [7]. However, its real role in positive tissues is still
unclear. In contrast to the squamous epithelium of the
oesophagous and forestomach, which is protected by
keratinizing layers, the fundal mucosa is relatively lack-
ing in defence. Since it is the first barrier against ingest-
ed food, chemical substances, antigens and bacterias,
some defence and/or self-destruction mechanism might
be expected and a relationship between the existence of
cathepsin E and such mechanisms has been suggested
f5].

Urothelium is another significant barrier against bac-
terial infections. In the normal urinary bladder epitheli-
um of all rats we examined, cathepsin E was expressed
in a consistent manner in the middle layers, while um-
brella cells were usually weak, in accordance with
Sakai’s previous report [7]. Although the role of umbrel-
la cells with low cathepsin E expression in urothelium
remains to be elucidated, we may speculate that these
cells may be structurally significant as part of the barrier
system. We have no explanation for this apparent anoma-
ly at present.

Uracil-induced papillomatosis histologically resem-
bles the early stage of BBN-induced carcinogenesis but
is known to be reversible. After cessation of uracil treat-
ment, stones disappear in a few days and the hyperplastic
urothelium returns to normal [9, 10]. Consistent but
weak expression of cathepsin E in uracil-induced papil-
lomatosis might be due to immature urothelial cells with
a high cellular proliferation rate.

In contrast, the study of cathepsin E expression using
our BBN-induced rat urinary bladder carcinogenesis
model revealed variation in cathepsin E expression from
the earliest to the latest stage of carcinogenesis. After 1
week of administration of BBN, immunoreactivity of ca-
thepsin E in urothelium of normal appearance became
stronger in relative terms. This suggests induction as a
primary biological reaction. In simple hyperplasia, the
earliest stage of urinary bladder carcinogenesis, some
cells located right above the basement membrane, but
not necessarily basal cells, showed little cathepsin E. In
more advanced stages of carcinogenesis, PN hyperpla-
sias, papilloma and cancer, many cells had low or absent
cathepsin E expression. This heterogeneity appears to be
characteristic for urinary bladder carcinogenesis and was
never observed in normal urothelium or uracil-induced
papillomatosis, which processes seem to retain normal
regulation of cathepsin E. Heterogenous expression of
other urothelium-related enzymes in rat urinary bladder
carcinogenesis has been demonstrated previously, in-
cluding the focal reduction in alkaline phosphatase [4]
and increase in activity of NADH diaphorase [14].

Whether this change in regulation of cathepsin E has
functional relevance to neoplastic cells remains unclear.
Here, two speculations about the instability of cathepsin
E expression in urothelium can be presented. First, ge-
netic events during urinary bladder carcinogenesis, such
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as allelic losses, might be responsible. Second, cathepsin
E might be linked to some differentiation state, as shown
by its absence in squamous epithelium. Normal epithelial
cells basically share the same phenotype, while initiated
cells might be unstable in this regard.

As reported in various previous studies [1], urinary
bladder lesions with squamous cell metaplasia were oc-
casionally observed. Such squamous differentiation has
been thought to be either a reaction against foreign bod-
ies or the result of abnormal differentiation during carci-
nogenesis. The fact that cathepsin E was not present any-
where in areas of squamous cell proliferation agrees with
its absence in normal squamous epithelium in the fore-
stomach and oesophagous [7]. Considering the organo-
tropic distribution of cathepsin E, its expression has been
suggested to be highly regulated [7] and, moreover,
closely connected to cellular differentiation. Therefore,
the absence of cathepsin E in areas of squamous cell dif-
ferentiation and its unstable expression in BBN-treated
transitional epithelium may be due to different mecha-
nisms.

In both normal urinary bladder epithelium and revers-
ible simple hyperplasias, it is accepted that bromodeoxy-
uridine (BrdU) labelled cells are concentrated in the bas-
al layers [11], indicating that only these cells are respon-
sible for cell division. Cells with little expression of ca-
thepsin E appeared initially directly above the basement
membrane in the earliest lesion of bladder carcinogene-
sis, simple hyperplasia. We speculate that these cells are
the source of the primitive neoplastic cells in rat urinary
bladder carcinogenesis. If any cells are initiated in the
upper layers, they would be expected to disappear with
rapid turnover cycles of transitional epithelium. In more
advanced stages, small areas of irregular expression of
cathepsin E were, in contrast, randomly distributed.
These results are in accordance with our previous report
[11] that one significant index of irreversible change in
rat urinary bladder carcinogenesis is the presence of ir-
regularly distributed areas of BrdU incorporation, inde-
pendent of basal or surface location. Overall, it is possi-
ble that abnormal distribution of cells capable of prolif-
eration is a significant step in early stage of urinary blad-
der carcinogenesis. This compares well with the finding
that cells demonstrating BrdU incorporation in uracil-in-
duced proliferating lesions are arranged in an orderly
way in the basal layers [10], in agreement with the regu-
lar expression of cathepsin E in these areas.
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