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Nitric oxide synthase expression in human bladder cancer
and its relation to angiogenesis
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Abstract Nitric oxide (NO) is synthesized by the enzyme
family of nitric oxide synthases (NOS) and plays an
important role in tumor growth and angiogenesis. The
expression of two of the NOS isoforms, the endothelial
and inducible isoforms (eNOS and iNOS, respectively),
were evaluated in bladder tissue from patients with
transitional cell carcinoma (TCC). The specimens were
procured from 58 patients with TCC and 14 cases of
normal bladder mucosa were used as a control group.
NOS immunohistochemistry was performed and mi-
crovessal density (MVD) was determined. iNOS specific
proteins were found in 47 of 58 bladder cancer speci-
mens but not in control bladder tissue. The endothelial
cells in both normal urothelium and tumor tissue
showed a highly positive eNOS immunostaining. The
MVD was 39.3±19.5 and 29.3±10.5 in TCC positive
and negative for iNOS, respectively (P<0.01). A cor-
relation between iNOS immunoreactivity and tumor
grade in bladder carcinoma could not be verified. These
results indicate that NO generation from iNOS in the
malignant epithelium and from eNOS in tumor stroma
play a important role in tumor angiogenesis.
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Introduction

Nitric oxide (NO) is a short-lived, pleiotropic biomole-
cule with a multitude of biological functions which plays
a vital role as a mediator in the vascular, nervous and
immune systems [5, 17, 19]. It is a product of the

conversion of L-arginine to L-citrulline by nitric oxide
synthase (NOS), which exists as three enzyme classes:
the calcium-dependent endothelial (eNOS), the neuronal
or brain isoforms (nNOS) and a calcium-independent
inducible or immunologic NOS (iNOS). eNOS and
nNOS are constitutively expressed and have a physio-
logical role. They are also called constitutive NOS
(cNOS). In contrast, iNOS is induced during disease
processes, such as infection or tumor growth, and is
involved in the cytotoxicity of macrophages and tumor-
induced immune reaction. Although NOS expression
occurs in various tumor cell lines and solid tumors, the
role of NO in tumor biology is still unclear. Previous
reports have seldom demonstrated the expression of
NOS in human bladder cancer, so the aim of this study
was to investigate the expression of NOS in transitional
cell carcinoma (TCC) and its relationship to angiogen-
esis.

Materials and methods

Tissue collection

Specimens of human bladder cancer tissue were obtained from 58
patients (39 males, 19 females, mean age 44.3 years) and from 14
individuals with normal adult bladder mucosa which acted as a
control group. All patients underwent cystectomy or transurethral
resection for bladder cancer between January 1996 and September
1999. No patients had signs of a bladder infection before surgery
and none of the patients had received preoperative radiation
therapy or chemotherapy. There were 21 patients with G1, 23 with
G2, 14 with G3 and 28 with superficial bladder cancer (Ta-T1) as
well as 2 with tumor in situ (Tis), while 28 had invasive bladder
cancer (T2-T4).

Immunohistochemistry

Sections of formalin-fixed, paraffin embedded specimens were cut
4.0 lm thick. These were deparaffinised and blocked for endoge-
nous activity by 1% hydrogen peroxide in methanol for 30 min.
Non-specific binding was blocked by incubating the sections with
normal goat serum for 30 min. The sections were then incubated
with the polyclonal rabbit antibody against iNOS, eNOS or factor
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VIII (Boster, China) overnight at 4�C, then the slides were se-
quentially rinsed in PBS for 30 min before being incubated with
goat anti-rabbit biotinylated conjugate for 30 min. The specimens
were stained with diaminobenzidine (DAB) or 3-amino-9-ethyl-
carbozole (AEC). Negative controls were treated with 1% normal
goal serum in PBS instead of primary antibodies. At least one
control was done in each experiment.

Microscopic evaluation and statistical analysis

The slides were examined under a Nikon fluorescence microscope.
The amount and cell type exhibiting eNOS and iNOS immunore-
activity were recorded for each case. The mean overall intensity of
the immunostaining cells was evaluated as positive for immuno-
staining in more than 10% of the cells within malignant tissue or
normal bladder mucosa. Microvessal density (MVD) was qualified
using the method described by Weidner et al. [24]. The sections of
tumor were scanned at low magnification (·40) to identify areas of
greatest intratumor vascularity. At a higher magnification (·200),
counts were made of all distinct brown-staining endothelial cells
and cell clumps within a medium-power field area of 0.94 mm2. The
average field count of five random selections was designated the
MVD for each specimen.

The statistical significance of intergroup differences was deter-
mined using the two-tailed, unpaired t-test and the v2 test. Signif-
icance was defined as P<0.05. The analyses were carried out using
SPSS for Windows (version 8.0).

Results

There was either no staining or occasional weak back-
ground staining of the negative controls. iNOS specific
proteins were found in 47 of 58 bladder carcinoma
specimens but not in control bladder tissue. The malig-
nant cells and inflammatory cells within the carcinomas
were highly iNOS positive, specimens of bladder mucosa
outside of the malignant regions showed no or occa-
sionally a weak positive iNOS immunostaining (Fig. 1,
2). Positive rates of iNOS immunostaining were 76.2%,
82.6% and 85.7% in bladder carcinoma of G1, G2 and
G3, respectively, and 78.6%, 82.1% and 100% in the

superficial, invasive and Tis groups. A correlation be-
tween iNOS immunoreactivity and tumor grade or tu-
mor stage could not be verified (Table 1). MVD was
39.3±19.5(SD) and 29.3±10.5 in TCC positive and
negative for iNOS, respectively (P<0.05), the expression
of iNOS in bladder carcinoma was positively correlated
to the tumor MVD (Table 2). The endothelial cells in
both normal urothelium and tumor tissue showed a
distinct positive eNOS immunostaining, and an immu-
noreaction with eNOS was not detected in either ma-
lignant or benign epithelium (Fig. 3, 4).

Discussion

The present study demonstrates abundant iNOS im-
munoreactivity in human bladder tumor but not in
normal bladder tissue. Our results support other findings
which have been published [9, 20, 21, 25]. So far, iNOS
has been detected in many lines of malignant cells as well
as in solid tumors such as human breast, lung, prostate,
and gynaecological cancer etc. There is a growing body
of evidence to suggest that the output of NO generated
by iNOS, is higher in malignant tissue and results in an

Fig. 1 Positive iNOS immunoreactions in bladder tumor (·100,
AEC staining). The malignant cells and inflammatory cells within
the carcinomas were highly iNOS positive. Specimens of bladder
mucosa outside of the malignant regions showed no positive iNOS
immunostaining

Table 1 The expression of iNOS immunopositivity and clinico-
pathological data for urinary bladder carcinomas. An asterisk
indicates that a comparison of the mean iNOS immunoreactivity
with the tumor grade and stage did not show statistically significant
differences (P>0.05)

Total Negative Positive (%)

Tumor group 58 11 47(81.0)

Grade/stage
G1 21 5 16(76.2)
G2 23 4 19(82.6)
G3 14 2 12(85.7)*
Ta-T1 28 6 22(78.6)
T2-T4 28 5 23(82.1)
Tis 2 0 2(100)*
Control group 14 14 0

Fig. 2 Higher magnification of iNOS immunoreactions with a
granular cytoplasmic staining pattern in tumor cells (·400, AEC
staining)
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increase in tumor growth rate, vascular density and in-
vasiveness [6, 11, 22, 23]. Although the biological role of
NO in malignancies is still unclear, more and more in-
vestigations suggest that it may have a dual pro- and
antitumor action depending on local concentration. On
the one hand, high concentrations can inhibit cell
growth and induce apoptosis in tumor cells [4, 26]. On
the other hand, NO can stimulate cell growth, dilate the
malignant vessels so as to maintain the blood supply to
the tumor and be important for tumor angiogenesis in
low concentrations [2, 7, 13, 26]. Further studies show
that NO controls angiogenesis by modulating the
activity of angiogenic factors released by tumor cells,

such as vascular endothelial growth factor, which
requires a functioning NO/cyclic guanosine monophso-
phate pathway within the endothelial compartment to
promote neovascular growth, and plays a central role in
the angiogenic cascade [7, 10]. Thomsen and co-workers
analyzed the activity of nitric oxide synthase in human
gynaecological cancer and found that the NOS activity
in vivo was at least 1–2 orders of magnitude lower than
the enzyme activity associated with phenomena such as
cytotoxicity and apoptosis [22]. That is to say, the con-
centration of NO in vivo is much lower than the level of
anti-tumor effects and contributes to pro-tumor activity.
Jenkins et al. drew the same conclusion by evaluating the
NOS activity in genetically engineered, xenografted tu-
mors in nude mice. They transfected murine macro-
phage iNOS cDNA into a human adenocarcinoma cell
line and these cells, which were engineered to continu-
ously produce NO, grew more slowly than wild-type
parental cells in vitro while the tumors in nude mice
from genetically engineered NO-producing cells grew
faster and were more vascularized than the tumors de-
rived from wild-type cells [10]. There are several other
reports in which a positive correlation between NOS
activity and tumor grade was observed. The fact that the
administration of a highly selective inhibitor of iNOS
limited the invasion and growth rate of iNOS-trans-
fected tumor cell lines, as well as of other tumors ex-
pressing this isoform, is also consistent with this finding
[1, 14, 15, 19, 22, 23]. Nevertheless, neither the actual
local concentration in the tissue of bladder carcinoma
nor the correlation between iNOS immunoreactivity and
tumor grade in bladder carcinoma could be verified from
our study. However, we found a significant correlation
between the iNOS expression and MVD in bladder
carcinoma tissue, suggesting that the NOS positive tissue
was markedly more vascularized. In addition, the
findings of Jansson et al. suggest that the mean NO
concentration in the tissue of bladder cancer in BCG-
treated patients was 30 times higher than in control
subjects, which resulted in significant anti-tumor effects
[9]. All of these results suggest that the concentration of
NO in bladder carcinoma is low and has a pro-tumor
effect.

In spite of our encouraging findings, there were sev-
eral different or conflicting results obtained in other
studies in which a pronounced reduction in NOS activity
was found in several tumor cells relative to normal tissue
[3, 18]. Moreover, in another investigation of bladder
cancer, Mitropoulos et al. noticed an absence of iNOS
staining in 32 of the 36 bladder tumors studied [16]. We
postulate that one reason for this is due to the limita-
tions of the current experimental techniques. In most
cases, assays for iNOS were preformed by means of
immunocytochemistry and the results were determined
by histopathological criteria, the type of antibody and
other factors. Most importantly, the high inhomogeneity
of iNOS expression in different tumor cells may be the
result of a selection process, which reflects the diverse
biological behavior of tumors. In this regard, the extent

Table 2 The results of MVD in TCC positive and negative for
iNOS

Total MVD(x±SD) P

iNOS (+) 47 39.3±19.5
iNOS ()) 11 29.3±10.5 <0.05

Fig. 3 Immunoreactivity for eNOS in bladder cancer (·100, DAB
staining). The tumor epithelium is negative for eNOS immunore-
action, but a distinct immunoreaction is recognizable in the vessels
of bladder tumor

Fig. 4 A more distinct, positive eNOS immunostaining in the
endothelial cells of bladder tumor with higher magnification (·400,
DAB staining)
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of iNOS expression in carcinoma may be viewed as a key
characteristic of the type of tumor present.

In addition, we suggest that not only iNOS but also
eNOS is relevant for tumor neovasculature, because we
found a distinct immunoreactivity for eNOS in the en-
dothelial cells of bladder tumor vessels. The study of
Klotz et al. also showed a highly positive eNOS immu-
nostaining in the endothelium of vessels in bladder
carcinomas [12]. These findings support the point of
view put forward by Geller and Billar that eNOS may be
induced in pathological conditions even though it is
usually regarded as being constitutively expressed [8].

In conclusion, we demonstrated the presence of NOS
expression in human bladder cancer and showed that it
markedly favors the angiogenesis of TCC. The results of
the present study suggest a lower concentration of NO in
bladder tumor, which may have a pro-tumor effect. This
opens the possibility of increasing or decreasing the
NOS activities in human carcinoma as a possible anti-
tumor therapy. BCG intravesical therapy provides a
excellent example, which could markedly enhance the
activity of NOS with large amounts of NO being formed
in the bladder in during treatment, resulting in strong
inhibitory effects on the growth of bladder cancer cells
[9]. Furthermore, the selective iNOS inhibitor may also
be used to block the generation of NO, with therapeutic
effects, because of its specific expression in bladder
cancer.
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