
Nitric Oxide 12 (2005) 39–45

www.elsevier.com/locate/yniox

1089-8603/$ - see front matter  2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.niox.2004.11.003

Expression of inducible nitric oxide synthase in tumoral
and non-tumoral epithelia from bladder cancer patients

Eduardo O. Sandesa,1, Alicia G. Falettib, María D. Riverosa, María del C. Vidala,
Liliana Gimeneza, Alberto R. Casabéa, Ana M. Eijána,¤,2

a Research Area and Surgical Area from Institute of Oncology Angel H. RoVo. University of Buenos Aires Av. San Martín 5481, CP 1417,
Buenos Aires, Argentina

b Center of Pharmacological and Botanic Studies, National Council of ScientiWc Research of Argentina, Buenos Aires, Argentina

Received 16 March 2004; revised 21 September 2004

Abstract

We have previously demonstrated that nitric oxide (NO) is elevated in the urine from bladder cancer patients. As the inducible
nitric oxide synthase (iNOS) produces high NO output, the aim of this study was to examine iNOS expression and activity in
tumoral (BT) and non-tumoral bladder tissue (NT). iNOS expression was determined by Western blot in 42 BT, 22 NT, and 4 normal
bladders (normal B). iNOS activity was evaluated by conversion of [14C]L-arginine to [14C]L-citrulline plus NO, in additional 15 BT, 8
NT, and 1 normal B. iNOS tissue localization was studied by immunohistochemistry. iNOS expression and activity were found in
almost 50% of bladder cancer patients, in both BT and in NT. A similar positive or negative iNOS expression in each pair of NT and
BT tissue compared was observed, suggesting that high urine NO levels could be generated by an active iNOS present not only in the
tumor but also in the non-tumoral bladder tissue. By immunohistochemistry, heterogeneous iNOS staining was detected in tumor
cells from superWcial and invasive tumors, while it was not evident in the normal bladder epithelium. A follow-up of 21 patients dur-
ing 2 years showed recurrences in 80% with positive iNOS. On the contrary, no recurrences were observed in 73% of iNOS negative
patients. Our results suggest that iNOS expression in bladder tissue may predispose to cancer recurrences.
 2004 Elsevier Inc. All rights reserved.
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Nitric oxide (NO) is generated by a family of nitric
oxide synthase enzymes (NOS). The endothelial and
neuronal NOS isoforms are expressed constitutively and
require the presence of intracellular Ca2+ and calmodu-
line, generating nanomolar levels of NO. InXammatory
cytokines and/or bacterial products usually activate the
inducible NOS (iNOS), generating large amounts of NO

(about micromolar). It is expressed in a wide range of
mammalian cells as macrophages, hepatocytes, endothe-
lial cells, and chondrocytes [1].

iNOS is also expressed in a variety of tumor cells and
it has been suggested to play a controversial role in
tumor biology, either promoting or inhibiting tumor
growth, depending on the tumor model levels of NO
delivered, genetic background, and cell type all of which
can determine NO sensitivity [2–4]. For example, it has
been reported that continuous NO production may be
involved in the inXammatory process associated with the
appearance of many human malignancies, including
bladder cancer [5–7]. Besides, it is known that N-nitroso
compounds, of which NO is a precursor, induce a signiW-
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cant number of cancers [8]. On the other hand, mecha-
nisms involved in bacterial or tumor cell death are
mediated by cells of the immune system such as macro-
phages, which can produce high levels of NO [9,10]. The
instillation with bacillus Calmette–Guerin, an eVective
immunotherapy for recurrent superWcial bladder cancer
and carcinoma in situ, induces long-term local formation
of NO in the bladder [11].

In our knowledge, there are many reports showing
expression of NOS in solid tumors [12–14], but only few
show iNOS expression in human bladder neoplasia
[15,16], without analyzing the expression of this enzyme
in non-tumor bladder tissue from the same patients.
Therefore, taking into account this information, in the
present study, we examined iNOS expression and activ-
ity in human bladder tumors (BT) and in random non-
tumoral epithelium (NT) samples collected from
patients with bladder cancer. Our results show that
approximately half of the patients analyzed express
iNOS in tumor tissue as well as in NT. Inducible NOS
was not detected in normal bladder mucosa. Our results
also show that patients with iNOS positive expression
have lower relapse free disease rate (RFD) than iNOS
negative patients, suggesting that iNOS activity and
expression may be a previous event to tumor appear-
ance.

Materials and methods

Tumor samples

Tumor samples were obtained when transurethral
resection or total cystectomy were performed at the
Department of Urology of the Institute of Oncology
“Angel H. RoVo” as conventional treatment to 57
patients (50 men and 7 women) with a median age of 64
(38–82) year. Random bladder samples without evidence
of tumor presence (named non-tumoral bladder: NT)
conWrmed during surgery by pathological examination
were also collected when indicated for diagnosis. Patho-
logical examination of the samples was performed by a
single pathologist according to the UICC [17] and
World Health Organization [18].

iNOS expression was determined by Western blot in
42 tumor samples (3 adenocarcinomas and 39 transi-
tional carcinomas). Bladder tumors were classiWed
according to invasion status as superWcial (2 in situ, 1
pTa, 15 pT1) and invasive tumors (15 pT2, 3 pT3, 4 pT4)
while 2 remained without speciWcation. According to
histological grade, transitional tumors were classiWed as
low grade (19 GII) or high grade (17 GIII and 3 GIV).
NT tissues were obtained from 22 patients. Four samples
of normal bladder mucosa were obtained during pros-
tate transbladder adenomectomy of patients without
bladder cancer. In 14 patients tumor tissue and non-

tumor mucosa from the same bladder were paired for
Western blot assays.

iNOS activity was determined in additional indepen-
dent samples of 4 adenocarcinomas (1pT1, 2 pT2, 1 pT3)
and 11 transitional carcinomas (histological grade: 5
GII, 3 GIII, 3 GIV; invasive status: 2 pTa, 6 pT2, 1 pT3,
and 2 pT4), 8 NT samples (4 being diagnosed as inXam-
matory), and 1 normal bladder.

Informed consent has been obtained from all patients
and procedures followed were in accordance with the
ethical standards of the Ethics Committee from the
Institute of Oncology “Angel H. RoVo” and the Helsinki
Declaration of 1964 as revised in 1983.

Western blot analysis

Samples were processed after surgery as previously
described [19]. BrieXy, samples were minced in homoge-
nization buVer (50 mM Tris–HCl, pH 8.0; 100 �g/ml
NaCl; 1% Triton, 1 �g/ml aprotinine, 1 mM phenylmeth-
ylsulfonyl Xuoride, 2 �g/ml leupeptin, and 10 mM
EDTA/EGTA) and then centrifuged for 40 min at
13,000g. Protein content in the resultant supernatant was
determined by Bradford method using bovine serum
albumin as standard [20]. Samples were stored at ¡80 °C
until use. Electrophoresis of the samples (120 �g protein/
lane) was performed on 7.5% sodium dodecyl sulfate–
polyacrylamide gels (SDS–PAGE) [21]. Proteins were
transferred to nitrocellulose membranes and blotted
with human speciWc polyclonal anti-iNOS antibody (H-
174, sc-8310 from Santa Cruz Biotechnology, USA)
diluted 1:50. A goat anti-rabbit IgG, conjugated with
alkaline phosphatase (Sigma–Aldrich, St. Louis, Mis-
souri, USA), was used as second antibody. Immunoreac-
tive proteins were detected with NBT and BCIP (Sigma–
Aldrich, St. Louis, Missouri, USA). As seeding control,
actin expression revealed in the same stripped membrane
with an anti-actin antibody (#Ab Mo 090M, Biogenex,
4600 Norris Canyon Road, San Ramon, CA 9453) was
used. Paired BT and NT samples were run in the same
membrane and the blotted proteins were scanned with a
computerized densitometer (GS-700 Calibrated Densi-
tometer Bio-Rad Laboratories, Richmond, CA). iNOS
protein was expressed in units of optical density per mil-
ligram of total protein (OD/mg protein). As all samples
showed similar actin blot, OD was not normalized by
actin expression

Immunohistochemistry

Formalin-Wxed, paraYn-embedded sections from nine
bladder tissues (two normal bladders, four superWcial
tumors (two in situ), and three invasive tumors) were
used to analyze iNOS tissular distribution. Immunohisto-
chemical staining was performed using an avidin–biotinyl
peroxidase complex. BrieXy, samples were treated with
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