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Abstract This study describes ultrastructural alter-
ations of the interstitial stroma in the rat bladder
epithelium during N-butyl-N-(4-hydroxybutyl)nitrosa-
mine (BBN)-induced bladder carcinogenesis using
scanning (SEM) and transmission (TEM) electron
microscopy with NaOH treatment. The results ob-
tained with SEM demonstrated the occurrence and
development of stroma protrusions which exhibited
pipe-like structures in the rat bladder epithelium fol-
lowing administration of BBN. Number and size of
blood vessel sections also gradually increased both in
the stroma and within the layer of the proliferated
epithelial cells as examined by light microscopy (LM)
and TEM. In this study stroma alterations were not
only observed in malignant lesions of rat bladder, but
hyperplastic lesions were also accompanied by stroma
alterations. It is suggested that: (1) the interstitial
stroma of the rat bladder epithelium may exhibit path-
ological changes in structure and these changes may
correlate with the progression of epithelial cell prolifer-
ation following administration of BBN and (2) one of
the most important alterations in the stroma is the
occurrence of neovascularization, which may induce
structural modification of the stroma in the processes
of bladder tumor growth and development.
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Introduction

The extracellular matrix (ECM) consists mainly of
basement membrane and interstitial stroma, which
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normally play an important role in the support and
nutrition of epithelial cells [11, 12]. The ECM changes
in malignant lesions that have been described so far are
basement membrane alterations and occurrence of des-
moplasia as demonstrated by transmission electron
microscopy (TEM) [2,4, 6] and stromal neovascula-
rization as demonstrated by scanning electron mi-
croscopy (SEM) [3]. In our previous studies, the
correlation between the basement membrane and
either bladder carcinogenesis or tumor invasion was
also investigated with the aid of TEM in the rat bladder
treated with N-butyl-N-(4-hydroxybutyl)nitrosamine
(BBN) [19, 20]. BBN has been proved to be an effective
organ-specific carcinogen on the urinary bladder and is
widely used in the study of bladder tumors in animal
models [9]. In the study described here, we investigated
ultrastructural alterations of the interstitial stroma in
the rat bladder epithelium during BBN-induced blad-
der carcinogenesis using SEM and TEM with NaOH
treatment.

Materials and methods

Fifty male Wistar rats (Clea, Osaka), 7 weeks of age at the start of the
experiment, were divided into a control group consisting of 15 rats
and a BBN group consisting of 35 rats. Rats were housed three to
a polyCarbonate cage, and placed in an environmentally controlled
room illuminated for 12 h/day. BBN (Tokyo Kasei Industry) was
administered at a dosage of 0.05% in drinking water for 28 weeks.
A commercial stock diet (Oriental MF, Oriental Yeast, Tokyo) was
provided to both groups of rats. Three rats from the control group
and seven rats from the BBN group were killed at 4, 8, 12, 20 and 28
weeks after the start of the experiment. The bladders were inflated
with 2.5% glutaraldehyde in 0.1 M phosphate buffer solution (pH
7.4), and then cut into three parts, each of which was studied using
LM, SEM and TEM, respectively.

For LM, the specimens were placed in 10% formalin solution and
processed for paraffin embedding. Each paraffin block was step-
sectioned and stained with hematoxylin and eosin. Multiple sections
of each bladder were examined.

For electron microscopy, the specimens were cut into 4 x 4 x 4-
mm blocks and placed in fixation fluid (2.5% glutaraldehyde in
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0.1 M phosphate buffer solution at pH 7.4) for 4 h at room temper-
ature. In order to remove the cellular elements of the rat bladder
epithelium, the specimens were immersed in 1 N sodium hydroxide
solution (NaOH) for 2-3 days at 25 °C, and the NaOH solution was
changed twice a day. The specimens were then rinsed in distilled
water for 1-2 days at 25°C, after which the specimens were post-
fixed in 1% osmic acid for 2 h, stained with 2% tannic acid for 1 h
and dehydrated with graded ethanol solutions. For SEM, the speci-
mens were dried in a Hitachi Hep-2 critical point evaporator and
examined under an Hitachi-900 SEM. For TEM, the specimens were
embedded in Epon 812. Ultrathin sections were then cut on an LKB
ultramicrotome with a diamond knife, double-stained with uranyl
acetate and lead citrate and examined with a hitachi JEM-1200EX
TEM.

In addition, the hyperplastic lesions were divided into three types:
mild, moderate and severe hyperplasia. The bladder epithelium is
three to five cell layers thick in mild hyperplasia, six to eight cell
layers thick in moderate hyperplasia, and over nine cell layers thick
in severe hyperplasia.

Results
LM findings

The rat bladder epithelium appeared normal in all 15
rats within the 28-week periods in the control group. In
the BBN group, all seven rats showed mild hyperplasia
at 4 weeks and moderate hyperplasia at 8 weeks. At 12
weeks, severe hyperplasia was found in five rats, and
papilloma was found in two rats. At 20 weeks, nonin-
vasive transitional cell carcioma (TCC) of the rat blad-
der was observed in all seven rats. Invasive TCC of the
rat bladder was observed in all seven rats at 28 weeks,
and the bladder tumor had focally invaded the muscle
layers. On the other hand, number and size of blood
vessel sections, both in the stroma and within the layer
of proliferated epithelial cells, increased gradually fol-
lowing administration of BBN (Figs. 1, 2).

SEM findings

In the control group, the stroma surface of the rat
bladder epithelium displayed flat networks of collagen
fibrils (Fig. 3). In the BBN group, mild protrusions were
frequently observed in the stroma of the rat bladder
epithelium at 4 and 8 weeks (Fig. 4). At 12 and 20
weeks, moderate protrusions occurred, which became
much more diffuse and connected extensively (Fig. 5).
At 28 weeks severe protrusions were observed, which
displayed three-dimensional meshwork structures re-
sembling hornet’s nests in appearance (Fig. 6). On ex-
amination at higher magnification, the protrusions
showed pipe-like structures which were believed to
comprise collagen fibrils and blood vessels.

TEM findings

In the control group, the collagen fibrils exhibited
a flat-layer structure in the stroma (Fig. 7). Following

administration of BBN, round sections of pipe-like
structures appeared and developed in number and size
either on the stroma surface or within the layer of the
collagen fibrils, and they were surrounded by the col-
lagen fibrils (Figs. 8-9). The round-section structures
have been regarded as sections of blood vessels because
of the residue of blood components within them.
Table 1 shows the pathological changes of the epithelial
mucosa and of the interstitial stroma in the rat bladder
during the 28 weeks of BBN administration.

Discussion

Although the superficial changes in the bladder epi-
thelium in experimental situations and the pathological
changes have been well observed by SEM [1, 10], dem-
onstration of the interstitial stroma changes by SEM
observation have been hindered by the presence of
interfering cellular elements. Recently, SEM observa-
tions of the stroma in some normal tissues such as
pancreas [ 14], skin, intestine [ 15] and ureter [ 5] have
been described in the literature, whereas the urinary
bladder has received less attention both under normal
conditions and in pathological situations. The present
results showed that with NaOH treatment the cellular
clements of the rat bladder epithelium were effectively
removed, and the stroma alterations in the rat bladder
epithelium could be ultrastructurally observed during
the carcinogenesis.

To investigate the correlation between the interstitial
stroma and bladder carcinogenesis, the major problem
is whether the stroma structure is altered and what
changes are present in the stroma during the carcino-
genesis. The present observations showed that patho-
logical changes in the rat bladder epithelium occurred
both in the epithelial mucosa and in the stroma follow-
ing administration of BBN. The former exhibited
benign and malignant proliferation of the epithelial
cells, and the latter displayed occurrence of the stroma
protrusions as observed by SEM and the occurrence of
neovascularization as observed by LM and TEM. This
demonstrated that the stroma alterations were not only
present in the malignant lesions of the rat bladder, but
also in the hyperplastic lesions; the stroma structure
had merely become much more diffuse in the malignant
lesions.

It is believed that the processes of the bladder tumor
growth and development may be the result of an inter-
action between proliferative cells of the epithelium and
the extracellular matrix components, including the
basement membrane and stroma. Following adminis-
tration of BBN, the proliferative cells of the rat bladder
epithelium may require a greater supply of blood
and greater tissue support from the stroma than
under normal conditions. Such requirements may in-
duce structural modification of the stroma due to the



Fig. 1 Mild hyperplasia of the
rat bladder epithelium. Some
blood vessel sections can be seen
both in the stroma and within
the layer of the proliferated
epithelial cells. BBN group,

4 weeks, H&E, x 60

Fig. 2 Severe hyperplasia of the
rat bladder epithelium. Many
blood vessel sections can be seen
both in the stroma and within
the layer of the proliferated
epithelial cells, BBN group, 12
weeks, H&E, x 80

Fig. 3 Observation of the
stromal surface in the rat
bladder in the control group,
displaying flat networks of
collagen fibrils and fenestrae.
Control group, 20 weeks, SEM

Fig. 4 Mild protrusions are
observed in the stroma of the rat
bladder. BBN group, 4 weeks,
SEM

Fig. 5 Moderate protrusions are
observed in the stroma of the rat
bladder. BBN group, 8 weeks,
SEM

Fig. 6 Severe protrusions are
observed in the stroma of the rat
bladder, displaying
three-dimensional meshwork
structures which resemble
hornet’s nests in appearance.
BBN group, 28 weeks, SEM
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Fig. 7 Observation of the stromal ultrastructure in the rat bladder
in the control group. The collagen fibrils are the main components of
the stroma. Control group, 20 weeks, TEM, x 2500

Fig.8 A round section of a pipe-like structure is observed in the
stroma of the rat bladder in the BBN group. Eight weeks, TEM,
x 2500

Fig. 9 Many round sections of pipe-like structures are observed in
the stroma of the rat bladder in the BBN group. These structures
have been regarded as sections of blood vessels because residue of
blood components can be found within them. BBN group, 20 weeks,
TEM, x 2000

occurrence of neovascularization in the rat bladder
epithelium. Compared with the histopathological find-
ings, it can be seen that the alterations in stromal
structure developed with the progression of epithelial
cell proliferation within the period of bladder carcino-
genesis. Based on these findings it is suggested that the
interstitial stroma may also exhibit pathological cha-
nges in structure, and that these changes may correlate
with the progression of the epithelial lesions in the
processes of bladder tumor growth and development.

It has long been known that tumors need the forma-
tion of new blood vessels for their growth, and that

Table 1 Pathological changes of epithelial mucosa and of the stroma in the rat bladder (Number of rats in parantheses, H P hyperplasia, SP

stroma protrusions, NEOV neovascularization)

Control group BBN group
(4-28 weeks)
4 weeks 8 weeks 12 weeks 20 weeks 28 weeks

LM Normal appearance Mild HP Moderate HP Severe HP (5) Noninvasive TCC Invasive TCC
(15) (7 7 Papilloma (2) ™ (7

SEM  Flat networks of Mild SP Mild SP Moderate SP Moderate SP Severe SP
collagen fibrils (7) ™ 7 @) (7
(15)

TEM  Layer structure of Mild NEOV Mild NEOV Moderate NEOV Moderate NEOV Severe NEOV
collagen fibrils (N (7) (7 N @)

(15)




tumor cells can release tumor angiogenesis factor to
promote the stromal angiogenesis and to increase the
production of matrix components by stimulating
fibroblasts [ 7, 16]. In previous studies, stromal neovas-
cularization induced by bladder carcinogenesis in rats
[3] and the occurrence of neovascularization in the
processes of breast tumor growth and invasion have
been reported [13,17]. Recently, the occurrence of
neovascularization and increased vascular density have
been shown to correlate with a higher incidence of
metastases and worse prognosis in tumors of the breast
and prostate [8, 18]. With the aid of light and electron
microscopic observations, the present study reveals
that proliferation of the epithelial cells may closely
correlate with the stroma alterations, especially with
the occurrence of neovascularization in the stroma of
the rat bladder epithelium. Comparing the SEM results
with the LM and TEM findings, it can be seen that
both the stroma protrusions showing pipe-like struc-
tures and neovascularization may occur and develop
simultaneously in the stroma of the rat bladder epi-
thelium following BBN treatment. Therefore, these
pipe-like structures observed by SEM can be regarded
as blood vascular structures in the interstitial stroma of
the rat bladder. In the light of these results, it is sugges-
ted that one of the most important alterations in the
stroma is the occurrence of neovascularization, which
may induce structural modification of the stroma in the
processes of bladder tumor growth and development.
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