
Abstract Nitric oxide (NO) is generated by a family of
enzymes, nitric oxide synthases (NOS), in a wide range
of mammalian cells. NO produced by the inducible NOS
isoform (iNOS) has been suggested to play an important
role in tumor biology with both tumor promoter and anti-
tumor activity. Here, the cellular localization of iNOS in
tissue of 100 cases of urinary bladder cancer was as-
sessed immunohistologically using a commercially
available antiserum. Positive iNOS immunostaining was
detected in all samples of tumor tissue, whereas nonma-
lignant tissue adjacent to malignant areas did not show
any iNOS positivity. The tumor tissue revealed a highly
inhomogeneous staining pattern. In addition to uniformly
stained tumor specimens, we also found markedly iNOS-
positive tumor islets in the midst of unstained tumor tis-
sue and scattered individual tumor cells expressing
marked staining. In some cases, the tumor tissue showed
no or only weak staining intensity. In some instances, the
superficial epithelial layer of papillary carcinomas was
extremely immunoreactive, in other cases it was not.
Thus we were unable to show a clear correlation to tu-
mor grade or stage. Further studies with a diversity of tu-
mor markers including molecular genetics techniques
will be necessary to elucidate how and to what extent
NO and bladder cancer of different grades and stages are
functionally interrelated.
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Introduction

Nitric oxide (NO) is a short-lived pleiotropic biomole-
cule with a multitude of biologic functions. Since its dis-
covery as a biologically active molecule in the late

1980s, NO has been thought to play a role as a signal
molecule in many parts of the organism, in immunologi-
cal and defense mechanisms [14, 17, 18,31] and in can-
cerogenesis [2, 3, 9, 18,32]. This small molecule, NO, is
a product of the conversion of L-arginine to L-citrulline
by nitric oxide synthase (NOS), which exists as three en-
zyme classes: the calcium-dependent endothelial (eNOS)
and the neuronal or brain isoforms (nNOS) and a calci-
um-independent inducible or immunologic NOS (iNOS)
[5, 6, 23]. iNOS expression in human diseases has long
been a matter for investigation, and the importance of
NO in tumor biology is poorly understood.

At present, the role of NO during tumor development
appears to be complex. There is a growing body of evi-
dence that high-output NO production by infiltrating mac-
rophages is a part of their cytotoxic repertoire [12, 17,28].
The observation that levels of calcium-independent NOS
(iNOS) are higher in malignant tissue and the localization
of iNOS to intratumoral macrophages and endothelial
cells of the tumor vasculature suggest that the intratumoral
environment of these cancers is conducive to induction of
this special isoform (iNOS) [9, 13, 16, 27,28]. Studies
showing an increase in growth rate, vascular density, and
invasiveness of a human tumor cell line transfected to
constitutively expressed iNOS support this assumption
[1,3]. Consistent with this, administration of a highly se-
lective inhibitor of iNOS limited the invasion and growth
rate of iNOS-transfected tumor cell lines and of other tu-
mors expressing this isoform [20, 21, 23,24]. So far, iNOS
has been detected in tumor cells of human brain, breast,
lung, stomach, colon, prostate, cervix, ovary, kidney, liver,
and pancreas, among others [7, 10, 13, 15, 22, 25, 27, 29,
30,35]. In most cases, assays for iNOS were performed
using frozen tissue or cultures of cell lines by means of
immunocytochemistry, mRNA detection (in situ hybrid-
ization), or by measuring iNOS activity by NO production
(nitrite/nitrate levels) or by conversion of radiolabeled ar-
ginine to citrulline. Little is currently known about the ex-
pression of iNOS in urinary bladder cancer [11,26].

In the present study, the local evidence of iNOS in tis-
sue of 100 cases of urinary bladder cancer was investi-
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gated immunohistochemically using a commercially
available iNOS antiserum. The study aimed to compare
iNOS expression in different tumor grades and stage in
order to discuss its potential roles in tumor biology.

Materials and methods

Urinary bladder cancer tissue of different grades was selected
from the files of the Department of Pathology of the University of
Texas, M.D. Anderson Cancer Center, Houston, Texas (mean age,
46.2 years). Specimens (n=100, highest stage was T3, defined as
N0 and M0 according to the TNM Classification of Malignant Tu-
mours, fifth edition, ICD-O C67, see Table 1) were fixed in 4%
paraformaldehyde and embedded in paraffin. Deparaffinized and
rehydrated 4-µ tissue sections were washed in tap water, distilled
water, and then in 0.05 M Tris buffer (pH 7.6). Nonspecific bind-
ing sites were blocked with a commercially available protein-
blocking agent (Ultra-Tech., Coulter-Immunotech, Marseille,
France) for 10 min. After removing the excess blocking reagent,
sections were incubated with the primary polyclonal rabbit anti-
body (Transduction Laboratories, Biomol, Hamburg, Germany),
diluted to 1:1200 in Roswell Park Memorial Institute (RPMI)
medium (Life Technologies, Eckenstein, Germany). The antibody
is directed against the mouse iNOS C-terminal peptide
(1131–1144) plus additional N-terminal Cys conjugated to KLH
(CKKGSALEEPKATRL). According to the manufacturer, the an-
tibody recognizes the iNOS 130-kDa protein in humans, rats, and
mice without cross-reaction to eNOS or nNOS. As controls, the
sections were incubated with RPMI medium alone. Ten colorectal
cancer specimens, likewise fixed in formalin and embedded in
paraffin, were used as a positive control for the iNOS antigen in
immunohistochemistry. In the corresponding frozen specimens of
colorectal tumors, the NOS activity was co-localized by the re-
duced nicotinamide adenine dinucleotide phosphate (NADPH)-
diaphorase reaction according to Hope and Vincent [8]. After an
18-h incubation period at 4°C, sections were rinsed with Tris buff-
er and incubated with a secondary, biotinylated goat anti-rabbit
antibody (Vectastain, ABC-AP Elite Kit; Vector Laboratories,
Burlingame, USA). After incubation with Vectastain ABC-AP Re-
agent (avidin–biotin complex, alkaline phosphatase, as described
by the manufacturer), sections were stained with the Fast Red
chromogen system (Coulter-Immunotech.) for 15 min, counter-
stained with hematoxylin, and mounted with glycerol.

Semiquantitative evaluations of the immunostainings were per-
formed for whole tissue sections. Immunoreactivities and percent-
ages of positive tumor cells in the individual cases were compared
with the average immunoreactivities in the samples and classified
into four groups: 0, negative; 1, weakly positive; 2, intermediate;
3, strongly positive. The semiquantitative results were compared
with the tumor grade and stage using Student's t test. A P value of
less than 0.05 was considered significant.

Results

The clinicopathologic data (i.e., grades, stages) of the tu-
mor samples are summarized in Table 1. Positive iNOS
immunostaining was detected in all samples of tumor tis-
sue, whereas distant benign bladder regions did not show
any iNOS positivity (Fig. 1). In the negative control
omitting the primary antiserum, immunoreactivity was
completely lacking, while the positive control (colorectal
carcinoma) displayed a clear-cut immunopositivity,
which was co-localized with NADPH-diaphorase activi-
ty of the tumor cells. Our samples of urinary bladder
cancer revealed a highly inhomogeneous picture of im-

munoreactivities. In addition to uniformly stained tumor
specimens, we also found markedly iNOS-positive tu-
mor islets in the midst of unstained tumor tissue and
scattered individual tumor cells expressing marked stain-
ing (Fig. 2). In some cases, areas of tumor tissue showed
no or only weak staining intensity, whereas a rather ho-
mogeneously moderate immunostaining was seen in
many others. In some instances, the superficial epithelial
layer of papillary carcinomas was extremely immunore-
active, in other cases it was negative (Fig. 3). The immu-
noreaction was seen either homogeneously or with a
granular pattern in the cytoplasm of the tumor cells
(Fig. 4). Sometimes reactions were concentrated in the
perinuclear regions. Cell nuclei were completely un-
stained. In inflammatory areas and in tumor necrosis, tu-
mor cell-associated iNOS immunoreactivity was en-
hanced and was sometimes also detected in round cells,
apparently macrophages, in the direct vicinity of the tu-
mor (Fig. 5). The endothelium of blood vessels was gen-
erally free of immunoreaction, whereas vascular smooth
muscle cells displayed a low or moderate staining inten-
sity. Somewhat enhanced immunoreactivity was also

Table 1 Expression of inducible nitric oxide synthase (iNOS) im-
munopositivity (semiquantitative data) and clinicopathologic data
of urinary bladder carcinomas included in this study

Tumor iNOS+ iNOS++ iNOS+++ Total 
stage/grade (n) (n) (n) (n)

Ta 28 8 0 36
Tis 2 0 0 2
T1 21 9 0 30
T2 11 17 2 31
T3 0 1 0 1
G1 43 11 0 54
G2 10 20 2 32
G3 9 5 0 14

+, low; ++, moderate; +++, strong.

Fig. 1 Homogeneous and strong expression of inducible nitric ox-
ide synthase (iNOS) in invasive bladder carcinoma. Some groups
of tumor cells (arrows) show somewhat enhanced immunoreactiv-
ity. Avidin–biotin complex, alkaline phosphatase, ABC-AP, count-
erstained with hematoxylin, ×240
Fig. 2 Inhomogeneous staining pattern of inducible nitric oxide
synthase (iNOS) with a single immunopositive tumor cells and b
positive tumor cell groups. ABC-AP, ×240
Fig. 3 Positive inducible nitric oxide synthase (iNOS) immunore-
actions of surface cell layers in a papillary carcinoma. ABC-AP,
×240
Fig. 4 Higher magnification of inducible nitric oxide synthase
(iNOS) immunoreactions with a granular cytoplasmic staining pat-
tern in tumor cells. ABC-AP, ×460
Fig. 5 Enhanced expression of inducible nitric oxide synthase
(iNOS) in the close vicinity of areas displaying tumor necrosis
(thick asterisk). In contrast, the remaining tumor cells (thin aster-
isks) show only weak or negative immunoreactions. ABC-AP,
×240
Fig. 6 Enhanced expression of inducible nitric oxide synthase
(iNOS) in a invasive tumor components and b islets of tumor cells
in the underlying tissue. ABC-AP, ×240

▲



664

Fig. 1–6 Legend see page 663



found in invasive tumor areas or tumor nests, which dis-
play infiltrative growth into the underlining tissues
(Fig. 6), whereas immediately adjacent malignant tissue
areas with cells of an apparently identical phenotype
were almost free of reaction product or showed a very
low staining level. 

The average intensities of the immunostainings of
cancer tissue were semiquantitatively assessed. A com-
parison of the mean iNOS immunoreactivity with the tu-
mor grades and stages (Table 1) did not show statistical-
ly significant differences.

Discussion

The present study demonstrates abundant iNOS immu-
noreactivity in tumor tissue obtained from a large sample
of urinary bladder cancer. Normal bladder tissue was
completely negative. So far, only two immunohisto-
chemical studies describing the occurrence of iNOS in
bladder cancer have been published [11,26]. Although
Jansson and coworkers were able to stain tumor tissue
for NOS, their results should be viewed with consider-
able caution, since, according to the authors, the antibod-
ies used were nonspecific and apparently stained all of
the NOS isoforms. The other group [26] reported a spe-
cific staining for iNOS in transitional cell carcinomas of
the urinary bladder. Similar to our findings based on a
large sample size, Swana and coworkers did not find a
clear correlation between the degree of iNOS immunore-
activity and tumor grade using a rather small collection
of tissue specimens. The lack of a correlation is in con-
trast to findings in human gynecological cancers, in
which Thomson et al. [27,29] have noted a relationship
between NOS activity and tumor grade. However, there
are several other reports in which such a correlation was
not observed either, e.g., in human prostate carcinoma
[13].

The biologic role of NO in malignancies is unclear.
The supraphysiologic production of NO in malignant tis-
sue by iNOS may cause cytotoxicity; it either supports or
inhibits immune defense mechanisms as described
[17,18]. Furthermore, NO may increase tumor blood
flow and promote angiogenesis [4,19], with NO having
both pro- and antitumor activity depending on its con-
centration [12]. Further investigations of the pathophysi-
ologic and protective roles of NO and the influence of
NO inhibitors on tumor growth in carcinoma, especially
in bladder tumor, will be necessary.

As seen in the present study, iNOS expression in tu-
mor cells is highly inhomogeneous, and the role of NO
must therefore be quite different in terms of the situation
within the NO-producing cell and transcellular effects on
surrounding tissue. Produced NO may not only attack
neighboring cells, but can also be suicidal, with the
distribution pattern of iNOS-positive and iNOS-negative
tumor cells the result of a selection process. Thus
Moochhula et al. [22], for example, observed a loss of
the constitutive NOS isoforms and iNOS in colorectal

neoplasms and suggested that the aberrant expression of
NOS in colon carcinomas might reflect changes in the
behavior and aggressiveness of a tumor. Accordingly,
expression of iNOS in tumor cells of murine K-1735
melanoma has been reported to be associated with apop-
tosis, suppression of tumorigenicity, and abrogation of
metastases [34]. After incubation with different cyto-
kines or the bacterial lipopolysaccharide, nonmetastatic
cells exhibit high levels of iNOS activity and NO pro-
duction, whereas metastatic cells do not [33]. A correla-
tion between the occurrence of iNOS and the tumor
stage should therefore be expected. Moreover, based on
histopathologic criteria, we were not able to detect a
clear correlation between iNOS positivity and different
grades of malignancy. The demonstration of such a cor-
relation may require the use of more sophisticated meth-
ods in future studies.

In conclusion, NO plays an important role in recent
conceptions of tumor pathogenesis. In the present study,
the expression of the inducible isoform of the NO-pro-
ducing enzyme, iNOS, was able to be distinctly demon-
strated in urinary bladder cancer cells. The immunohisto-
chemical iNOS reactions did not show a clear correlation
with tumor grade or stage. Further studies using a variety
of tumor markers, including molecular genetics tech-
niques, will be necessary to elucidate how and to what
extent NO and bladder cancer of different grades and
stages are functionally interrelated.
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