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Summary. The presence of myofibroblasts has been

elucidated in the stroma of neoplasm of various organs.
In the present article, we studied the distribution of
myofibroblasts in the stroma of bladder carcinoma.
Twenty-five surgical resected bladder tumors (urothelial
carcinoma, n=21; combined urothelial carcinoma and
adenocarcinoma, n=2; sarcomatoid squamous cell
carcinoma, n=1; combined urothelial carcinoma and
squamous cell carcinoma, n=1) were selected and we
evaluated the distribution of myofibroblasts using
immunohistochemical, electron and immunoelectron
microscopic techniques. Immunohistochemically, the
distribution pattern of myofibroblasts in invasive and
non-invasive carcinomas were predominantly fascicular
and reticular forms, respectively. Moreover,
myofibroblasts around bladder carcinoma cells were
confirmed by electron microscope. Understanding the
distribution pattern of myofibroblasts in the stroma of
bladder carcinoma may provide available information
about the presence of carcinoma invasion.
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Introduction

The presence of myofibroblasts has been detected in
the stroma of the neoplasm of several organs including
oral cavity, pharynx, larynx, breast, pancreas, liver and
colon (Ooi et al., 1997; Chauhan et al., 2003; Barth et
al., 2004; Illemann et al., 2004; Kuroda et al., 2004).
Generally, a large number of myofibroblasts has been
observed in the stroma of invasive carcinomas of some
organs (Lagace et al., 1985; Kuroda et al., 2004), but
myofibroblasts also appear in the stroma of non-invasive

cancer (Barth et al., 2002; Chauhan et al., 2003). In the
urological field, we recently identified the participation
of myofibroblasts in the capsular formation of human
renal parenchymal neoplasm (Shimasaki et al., 2005).
Therefore, in the present study, we examined the
distribution of myofibroblasts in bladder carcinoma and
discussed its significance.
Materials and methods
Tissue specimens

Hematoxylin-eosin-stained preparations from all
bladder tumors surgically resected (total cystectomy or
trans-urethral bladder tumor resection) at Kochi Medical
school and affiliated hospitals between 2000 and 2004
were histologically divided according to recent WHO
classification (Eble et al., 2004). Among them, twentyfive bladder tumors were selected for this study.
Histologically, these tumors were subdivided into
urothelial carcinoma (n=21), combined urothelial
carcinoma and adenocarcinoma (n=2), sarcomatoid
squamous cell carcinoma (SCC)(n=1) and combined
urothelial carcinoma and SCC (n=1). The sex ratio
(male:female) of the patients with these tumors was
21:4. The mean age and age range of the patients were
72 and 48-88 years, respectively.
Routine histological procedures

Resected specimens were fixed with 10%
formaldehyde and embedded with paraffin. Sections
were cut with 3 µm and stained with hematoxylin and
eosin.
Immunohistochemistry and its interpretation

Offprint requests to: Dr N. Kuroda, Department of Pathology, Program of
Bioregulation and Genetics, Kochi Medical School, Kochi University,
Kohasu, Oko-cho, Nankoku City, Kochi 783-8505, Japan. e-mail:
nkuroda@med.kochi-u.ac.jp

Immunohistochemistry was performed using a
streptavidin-biotin immunoperoxidase technique.
Antibodies employed in the present study are
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summarized in Table 1. We classified stromal cells
positive for both alpha-smooth muscle actin (ASMA)
and h-caldesmon (h-CD) as smooth muscle cells of
lamina propria and muscular layer, and ASMA-positive
and h-CD-negative cells as myofibroblasts. Thus, the
distribution of myofibroblasts in bladder carcinoma was
evaluated.
Electron microscopy

Three samples extracted from surgically resected
bladder carcinomas were immediately fixed with 2.5%
glutaraldehyde and post-fixed with 1% osmium
tetroxide. After processing and embedding in
epoxyresin, ultrathin sections stained with uranyl acerate
were examined under an electron microscope (JEM
100S; JEOL Ltd, Tokyo, Japan).
Immunoelectron microscopy

Tissue samples obtained from three bladder
carcinomas, as described above, were fixed by
immersion in a periodate-lysine-paraformaldehyde
solution for 24 hr. Frozen sections (20 µm) were cut

from the material after incubation in a mixed solution of
phosphate-buffered saline and sucrose. The tissue
sections from the samples were subsequently incubated
with anti-ASMA and analyzed immunohistochemically
using the procedures above with the addition of
prefixation in 0.5% glutaraldehyde. The sections were
processed and embedded in epoxy resin. Ultrathin
sections stained with lead citrate were examined under
an electron microscope.
Results
Histology

Bladder carcinomas were divided into invasive type
(n=6) and non-invasive type (n=19) according to the
invasion into lamina propria. Urothelial carcinoma
(n=21) was subdivided into four tumors of invasive type
and seventeen tumors of non-invasive type. Combined
urothelial carcinoma and adenocarcinoma (n=2)
included one tumor of invasive type and one tumor of
non-invasive type. Sarcomatoid SCC (n=1) and
combined urothelial carcinoma and SCC (n=1) showed
invasive type.

Table 1. Antibodies employed in the present study.
ANTIGEN
ASMA
h-caldesmon (h-CD)

CLONE

DILUTION

SOURCE

TREATMENT

1A4
h-CD

1:50
1:50

Dako Cytomation, Glostrup, Denmark
Dako Cytomation, Glostrup, Denmark

microwave

ASMA, alpha-smooth muscle actin.

Fig. 1. Immunohistochemical finding of ASMA in invasive bladder
carcinoma. The fascicular distribution pattern of ASMA-positive
myofibroblasts is seen. x 50

Fig. 2. Immunohistochemical finding of ASMA in non-invasive bladder
carcinoma. The reticular distribution pattern of ASMA-positive
myofibroblasts is observed. x 50
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Immunohistochemical findings

Discussion

Immunohistochemical results are summarized in
Table 2. Irrespective of the invasiveness, the stroma of
all bladder carcinomas contained myofibroblasts. The
distribution of myofibroblasts of all six tumors of
invasion type showed fascicular pattern (Fig. 1). In the
distribution of myofibroblasts among nineteen tumors of
non-invasion type bladder carcinoma, one tumor showed
the fascicular pattern and eighteen tumors showed the
reticular pattern (Fig. 2). Statistically, there was a
significant relationship between the reticular distribution
pattern of myofibroblasts and non-invasive bladder
carcinoma, and between the fascicular distribution
pattern of myofibroblasts and invasive bladder
carcinoma (p<0.01).

In the invasion into lamina propria of bladder
carcinoma, the stromal responses, including retraction
artifact, inflammatory cells, hypocellular or loose stroma
and pseudosarcomatous stroma may be observed.
Although the stroma response may be sometimes absent,
desmoplastic or sclerotic stroma may be also frequently
observed. Regarding the component of stromal cells in
bladder carcinoma, spindle cells have been regarded as
fibroblasts for a long time. To the best of our knowledge,
there have been no descriptions on the presence of
myofibroblasts in the stroma of human bladder
carcinoma. The differentiation from fibroblasts into
myofibroblasts is basically modulated by cancer-derived
cytokines, such as TGF-ß. In the present study, we
elucidated for the first time that myofibroblasts appeared
in the stromal response of human bladder carcinoma.
Therefore, we suggest that urothelial carcinoma cells

Ultrastructural findings

Stromal cells around the cluster of bladder
carcinoma cells possessed a well-developed Golgi
apparatus and rough endoplasmic reticulum in the
cytoplasm, and many myofilaments and dense bodies
were also observed (Fig. 3). These findings showed the
myofibroblastic nature in stromal cells (Schurch et al.,
1998).
Immunoelectron microscopic findings

Filamentous structures of stromal cells around
bladder carcinoma cells showed a positive reaction for
ASMA (Fig. 4).

Table 2. Summary of the relationship between the distribution pattern of
myofibroblasts and invasiveness into lamina propria of bladder
carcinoma.
INFILTRATING TYPE (NUMBER)

invasion type (n=6)
non-invasion type (n=19)

DISTRIBUTION PATTERN
fascicular

reticular

6*
1*

0*
18*
*P <0.01

Fig. 3. Ultrastructural
finding of stromal cells
in invasive bladder
carcinoma. Stromal
cells have many
myofilaments and
dense bodies (arrows)
in the cytoplasm. C:
cancer cells. x 2,000
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Fig. 4.
Immunoelectron
microscopic finding of
ASMA of stromal cells
in invasive bladder
carcinoma.
Cytoplasmic
filamentous structures
are reactive for
ASMA. x 2,000

may produce cytokines such as TGF-ß , which makes
fibroblasts differentiate into myofibroblasts in the lamina
propria (De Wever and Mareel, 2003). There are some
reports that numerous myofibroblasts appear in the
stroma of invasive cancer in various organs (Lagace et
al., 1985; Kuroda et al., 2004, 2005). In contrast,
myofibroblasts also appear in the stroma of non-invasive
carcinoma (Barth et al., 2002; Chaunhan et al., 2003). In
non-invasive breast carcinoma, the number of
myofibroblasts in the stroma depends on the nuclear
grade of cancer cells (Chauhan et al., 2003). We found
that myofibroblasts appeared in human bladder
carcinoma, irrespective of the invasion beyond the
mucosa. However, it is difficult to evaluate the
relationship between the number of myofibroblasts and
nuclear grade because of the low number of bladder
carcinoma cases in the present study. The reticular and
fascicular distribution patterns of myofibroblasts were
predominantly observed in the stroma of non-invasive
and invasive bladder carcinomas, respectively. These
findings suggest that the invasion beyond the mucosa
may evoke the change of distribution of myofibroblasts .
We suggest that the change of the distribution of
myofibroblasts associated with the carcinoma invasion
may exhibit the change of the number of myofibroblasts
or the compression of stromal cells by carcinoma cells.
Thus, the evaluation of the distribution pattern of

myofibroblasts may be useful for the estimation of the
invasion of bladder carcinoma, even in small biopsy
specimens.
On the other hand, there are two ASMA-positive
cells in the lamina propria of urinary bladder cancer. One
is muscularis mucosa and the other is myofibroblast. For
the
discrimination
of
these
cells,
the
immunohistochemistry of h-CD is very important. h-CD
is a marker of well-differentiated smooth muscle cells
and no myofibroblasts generally express h-CD.
Pathologists should keep in mind that ASMA-positive
cells in the lamina propria may be myofibroblasts but
not muscularis mucosa.
In conclusion, myofibroblasts appear in the stroma
of human bladder carcinoma, irrespective of the
invasion, but the distribution pattern of myofibroblasts is
different between non-invasive and invasive bladder
carcinomas. Namely, the reticular pattern is
predominantly observed in the non-invasive carcinoma
and the fascicular pattern is chiefly seen in the invasive
carcinoma. Understanding the distribution pattern of
myofibroblasts may be helpful in evaluating the invasion
of bladder carcinoma.
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