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Constitutive expression of inducible nitric oxide synthase in healthy
rat urothelium?
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ABSTRACT
Background: Contrasting findings have been reported regarding a possible constitutive expression of
inducible nitric oxide synthase (iNOS) in a normal mammalian bladder. The current study was
designed to further investigate such putative iNOS expression.
Materials and methods: The experiments were conducted with paraffin-embedded archival material
from the urinary bladder of 6 normal, male Sprague–Dawley rats. In addition, two normal female mice
(C57BL/6) were sacrificed and the urinary bladders were harvested. The occurrence of iNOS mRNA was
examined by the RNAScope in situ hybridization method. Protein expression of iNOS and 3-nitrotyro-
sine (the latter used as an indicator of oxidative stress) was investigated by immunohistochemistry.
Results: No expression of iNOS mRNA was observed in the bladder tissue. iNOS protein and 3-nitrotyr-
osine were strongly expressed in the urothelium. iNOS was also expressed perinuclearly in
the detrusor.
Conclusions: Although the RNAScope methodology could not demonstrate mRNA for iNOS in the nor-
mal urinary bladder, the results by immunohistochemistry strongly suggest the occurrence of iNOS in
particular, in the urothelium. Positive reactivity for 3-nitrotyrosine may indicate ongoing oxidative
stress of the urothelium. The finding of perinuclear iNOS immunoreactivity could suggest an intracrine
signaling function by iNOS to the nucleus.
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Introduction

Originally, large amounts of nitric oxide (NO), as produced
by the action of the inducible isoform of NO synthase (iNOS),
were ascribed a protective function for the host, by destroy-
ing pathogens and malignant cells [1]. Up-regulation of iNOS
after exposure to lipopolysaccharide has been confirmed on
the mRNA and protein levels [2,3]. However, the role of iNOS
in physiology/pathophysiology appears to be far more com-
plex than initially assumed. Thus, iNOS was demonstrated in
a number of cancer cell lines [4,5] Intriguingly, in the normal
murine gut mucosa, Hoffman et al. demonstrated seemingly
constitutive expression of iNOS in the ileum, but not jejunum
or colon [6]. Constitutive iNOS expression has been demon-
strated also in non-diseased human airway epithelium [6],
myenteric plexus of uninflamed rat colon [7,8], uninflamed
human colon mucosa [9] and healthy porcine myocar-
dium [10].

With particular respect to the urinary bladder, findings
regarding the constitutive expression of iNOS in the unin-
flamed mammalian bladder are far from uniform. Johansson
et al. reported that while iNOS immunoreactivity could be

elicited in rat urothelium by three days of partial urethral
obstruction, untreated control bladders did not express such
immunoreactivity [11]. Moreover, in human bladder cancer,
iNOS immunoreactivity was demonstrated in tumor areas but
not in non-cancerous control bladder tissues [11,12].
Conversely, in normal human bladder, Renstr€om-Koskela
noted mRNA expression, but not protein expression, for iNOS
[13]. To the best of our knowledge, only one study has been
published reporting iNOS mRNA expression in normal rat
urinary bladder [14]. Moreover, iNOS protein has been dem-
onstrated in at least two studies of such tissue, with predom-
inantly urothelial localization [14,15]. Thus, the question of
whether, or not, iNOS may be constitutively expressed in the
normal mammalian urinary bladder so far remains to be
answered. Applying in situ hybridization and immunohisto-
chemistry on archival material from acutely harvested rat
urinary bladder, the aim of the present study was to investi-
gate whether we could confirm a constitutive expression of
iNOS in non-diseased bladder tissue. For species comparison,
two female mice were sacrificed, and the urinary bladders
were harvested. Moreover, in the rat bladder material, the

CONTACT Rebecka Arnsrud Godtman r.godtman@gmail.com Department of Urology, Institute of Clinical Sciences, the Sahlgrenska Academy at the
University of Gothenburg, Bruna Stråket 11B, Gothenburg 413 45, Sweden
� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

SCANDINAVIAN JOURNAL OF UROLOGY
2021, VOL. 55, NO. 6, 493–497
https://doi.org/10.1080/21681805.2021.1948097

http://crossmark.crossref.org/dialog/?doi=10.1080/21681805.2021.1948097&domain=pdf&date_stamp=2021-11-24
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/21681805.2021.1948097
http://www.tandfonline.com


expression of 3-nitrotyrosine, a biomarker of oxidative stress,
was also investigated.

Materials and methods

The investigation was approved by the Ethical Committee of
the University of Gothenburg. The study was undertaken
with paraffin-embedded archive material (urinary bladders)
from 6 healthy, inbred, male Sprague–Dawley rats (�300 g
b.w.). Moreover, for the current study, two mature, normal,
female mice of the C57BL/6 strain were deeply anesthetized
with Isofluran and were killed by cervical dislocation and
were bled. Then, the urinary bladder was removed from each
mouse and was incubated in 4% phosphate-buffered formal-
dehyde solution for 24 h, and was then dehydrated in alco-
hol and embedded in paraffin. From the various blocks,
sections of 4 mm thickness were cut for ensuing in situ
hybridization or immunohistochemistry.

In situ hybridization

In situ detection of iNOS transcripts was carried out on paraf-
fin-embedded tissue sections using the RNAScope 2.5 HD
assay – RED (Advanced Cell Diagnostics, Inc., Hayward, CA,
USA). Sections were pretreated using the standard protocol
(Formalin-Fixed Paraffin-Embedded (FFPE) Sample
Preparation and Pretreatment) followed by hybridization and
detection under normal conditions according to the manu-
facturer’s instructions for the manual assay (RNAScope 2.5 HD
Detection Reagent – RED). An RNAScope probe for iNOS, a
standard negative DapB (a bacterial gene) and a positive
polR2A control probes were used (Advanced Cell Diagnostics,
Inc). Slides were counterstained with hematoxylin (Histolab,
Gothenburg, Sweden). The slides were scanned using an
automatic brightfield scanner, Pannoramic 250 (3DHISTECH
Ltd., Hungary) with a 40� objective. A positive reaction was
denoted by a red dot.

Immunohistochemistry

This part of the investigation was undertaken with the
MACH1 Universal HRP-Polymer Detection Kit (Biocare
Medical, Concord, CA, USA). All procedures were undertaken
at room temperature unless otherwise specified. After depar-
affinization and rehydration, the sections were immersed in
10mM citrate buffer (pH 6), placed in a microwave oven at
medium power for 2� 5min, for antigen retrieval. Next,
endogenous peroxidase was blocked for 5min, either by 3%
hydrogen peroxide in methanol, or Peroxidazed 1 (Biocare
Medical). Unspecific protein binding was then blocked by
Background Sniper (Biocare Medical) for 15min. The slides
were thereupon incubated overnight at 4 �C in a moist
chamber with either of the following primary antibodies:
Rabbit polyclonal anti-iNOS (sc-649, Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), diluted 1:100 to
1:800 in Da Vinci Green Diluent (Biocare Medical); rabbit
polyclonal anti-iNOS (bs-2072R, Nordic Biosite, T€aby,
Sweden), diluted 1:400 to 1:1600 in Da Vinci Green Diluent

(Biocare Medical); mouse monoclonal anti-nitrotyrosine
(MAB5404, formerly from Millipore, currently from Sigma-
Aldrich, Stockholm, Sweden), diluted 1:500 to 1:2000 in Da
Vinci Green Diluent (Biocare Medical). After the incubation
with the respective antibody, the following procedures were
undertaken (all incubations were performed in a moist cham-
ber): For the mouse antibody, MACH 1 Mouse Probe (Biocare
Medical) was added and incubated for 15min. and after rins-
ing, the MACH1 Universal HRP-Polymer (Biocare Medical) was
applied and was incubated for another 15min. For the rabbit
antibodies, the MACH1 Universal HRP-Polymer (Biocare
Medical) was added and the slides were incubated for
30min. Staining was then performed using DAB solution
(Biocare Medical). The sections were then counterstained
with Mayer’s hematoxylin (Histolab). After drying in an oven
at 60 �C for 15–20min, the sections were finally mounted
with Pertex (Histolab) and were then photographed under a
light microscope. Positive immunoreactivity was manifested
by brown staining. Negative controls were performed either
by excluding the primary antibody and incubating the tis-
sues with Da Vinci Green Diluent (Biocare Medical) instead
(resulting in no immunoreactivity) or applying the anti-iNOS
antibody (sc-649; Santa Cruz) after this had been pre-
absorbed with its immunogenic peptide (‘blocking peptide’;
sc-649P, Santa Cruz; 10 times the concentration of the pri-
mary antibody), resulting in a marked attenuation of
immunoreactivity.

Results

RNAScope and immunohistochemical investigations of
iNOS expression

The bladder specimens were stained with either the DapB
mRNA probe (negative control) or the iNOS mRNA probe,
either treatment resulting in no reactivity in the tissues.
Conversely, the polR2A mRNA probe, used as a positive con-
trol for the methodology, generated a clear-cut positive reac-
tion in the urothelial cells and also, to a markedly lower
intensity, in the remaining parts of the bladder (not shown).
However, it was observed that the intensity of the expression
of the positive control was notably weaker in our specimens
as compared to the illustration shown in the product sheet
from the manufacturer of the RNAScope.

Both anti-iNOS antibodies elicited intense, seemingly cyto-
plasmic immunoreactivity in the urothelium (Figure 1(B),
showing the immunoreactivity as elicited by the Santa Cruz
antibody). In addition, the Santa Cruz antibody produced
weak immunoreactivity in the lamina propria and detrusor
(Figure 2). The immunoreactivity was markedly attenuated
when this antibody had been pre-absorbed with its immuno-
genic peptide (‘blocking peptide’; Figure 1(C)). Interestingly,
a clear-cut perinuclear immunoreactivity was noted in the
detrusor after staining with the Santa Cruz antibody
(Figure 2).

In addition, the anti-iNOS antibody from Nordic Biosite
was applied to sections from two murine urinary bladders.
This resulted in identical immunoreactivity to that obtained
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by this antibody when applied to rat urinary bladder
(not shown).

Immunohistochemical investigation of 3-
nitrotyrosine expression

3-nitrotyrosine as an indicator of nitrogen-related stress was
strongly expressed in the urothelium (Figure 1(D)).

Discussion

In the current study, conducted on normal rat urinary blad-
der, mRNA for iNOS could not be detected using the
RNAScope methodology. Conversely, urothelial expression of
iNOS protein was evident as demonstrated by two different,
polyclonal, rabbit antibodies. The Santa Cruz antibody had
been raised against the human C-terminus while the Nordic
Biosite one had been raised against the human N-terminus.
The immunoreactivity elicited by the Santa Cruz antibody
was attenuated by the preabsorption of the antibody with
its immunogenic peptide, thus demonstrating the specificity
of this antibody (a strength of the study). The two antibodies
differed with respect to staining other parts of the bladder;
the Santa Cruz antibody elicited immunoreactivity also in the
lamina propria and the detrusor, albeit to a lower intensity

than in the urothelium. Moreover, in the detrusor, the iNOS
immunoreactivity was clearly located perinuclearly. The dem-
onstration of iNOS in the nuclear compartment in some tis-
sues is well known, strongly suggesting a role for NO in
nuclear signaling [16,17]. Hence, as the two antibodies used
in the current study bind to different epitopes, it is not to be
expected that they should provide identical results. We,

Figure 1. Representative images of the protein expression of iNOS or nitrotyrosine in normal urinary bladder in rat. (A) The bladder specimen was stained without
primary antibody against iNOS (negative control; Neg), resulting in no immunoreactivity. (B) Application of the Santa Cruz anti-iNOS antibody to the rat bladder
specimen demonstrated immunoreactivity in the urothelium (U) and to a lesser extent also in the lamina propria (Lp) and the detrusor muscle (D). (C) Application
of the Santa Cruz anti-iNOS antibody to the bladder specimen, after incubation of the antibody with its immunogenic peptide (‘blocking peptide’) markedly attenu-
ated the immunoreactivity. (D) Application of the anti-nitrotyrosine antibody to the bladder specimen demonstrated immunoreactivity in the urothelium (U) and
leaving the lamina propria (Lp) essentially unstained. Scale bars: 50 mm.

Figure 2. Application of the anti-iNOS antibody from Santa Cruz elicited a peri-
nuclear immunoreactivity in the detrusor (arrowhead). Inlet: immunoreactivity
noted in the lamina propria of the urinary bladder. Scale bar: 20mm.
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moreover, showed that our finding of iNOS expression in rat
urothelium could be extended also to the murine urin-
ary bladder.

The product of peroxynitrite-mediated nitration of tyro-
sine residues is 3-nitrotyrosine. Peroxynitrite, in turn, results
from a reaction between superoxide and NO. It was previ-
ously suggested that 3-nitrotyrosine expression might func-
tion as a marker of the activation of iNOS [18]. More
recently, this view has been somewhat challenged. Thus, the
current opinion states that 3-nitrotyrosine serves as an indi-
cator of oxidative stress [19,20], which does not exclude that
the expression of 3-nitrotyrosine marks the presence of
active iNOS. There are few, if any, previous reports of 3-nitro-
tyrosine expression in normal rat urothelium, the presence of
which naturally could be due to other factors within the
bladder wall than the production of NO as catalyzed by
iNOS. The physiological or pathophysiological significance of
protein nitration in a healthy rat bladder can only be specu-
lative; we suggest a protective function for the maintaining
of urothelial homeostasis.

It is puzzling that we were unable to demonstrate iNOS
mRNA with the RNAscope methodology (a clear limitation of
our study), since, in our opinion, the protein expression of
iNOS appears convincing. It should, however, be noted that
the positive control for the RNAscope was markedly weak
when compared to the illustration in the product sheet (as
already mentioned). Therefore, we suspect that the
RNAscope method may have been unsatisfactory in the cur-
rent investigation. Possible explanations for this discrepancy
include the non-optimal concentration of the iNOS probe uti-
lized in the RNAscope experiments and/or instability of the
mRNA in the paraffin-embedded tissue. Furthermore, con-
trasting findings have been reported with respect to consti-
tutive iNOS expression in healthy rat bladder (see
Introduction for references). Unfortunately, so far, we can
offer no explanation as to the reason(s) for these conflict-
ing data.

Conclusion

In the current study, conducted with healthy urinary bladder
tissue from mature, male Sprague–Dawley rats, we have
demonstrated the urothelial immunohistochemical expres-
sion of iNOS. This result could be obtained also in the
acutely harvested murine urinary bladder. We were unable to
corroborate our findings on the mRNA level. iNOS protein
expression was noted to a far lesser extent in the lamina
propria and the detrusor components of the rat bladder,
respectively. Interestingly, in the detrusor, a perinuclear iNOS
immunoreactivity could be seen, a finding possibly suggest-
ing intracrine signaling by iNOS to the nucleus.
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