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Tissue Collection. Eight cases of gynecological cancer (6 ovarian, 1 mixed
mesodermal, 1 endometrial) were entered into the study (Table I). Malignant
tumor tissue from primary and mctastatic sites, as well as nonmalignant tissue
(either adjacent to tumor tissue or from peritoneal nodules), was obtained from
patients undergoing primary laparotomy. Tissue from uterus (2 cases) and
cervix (1 case) obtained at hysterectomy from 3 non-cancer patients provided

ABSTRACT
Nitric oxide is generated by the NO synthases, a family of Â¡soenzymes
expressed in a wide range of mammalian cells. In the vascular and nervous
systems distinct isoforms generate NO to act as a signal transduction
mechanism. The isoform induced by cytokines, on the other hand, pro
vides a sustained release of NO which mediates some cytotoxic and cytostatic effects of the immune system. Solid tumors are a heterogeneous
population of cell types, including tumor, vascular, and infiltrating im
mune cells. Studies in vitro show that NO synthase can be present in many
of these cells. However, its presence in situ in solid human tumors has not
been reported. In this study, we have investigated NO synthase activity
and its cellular localization in malignant and nonmalignant human gyne
cological tissue. Nitric oxide synthase activity was observed in malignant
tissue, was highest (250 pmol/min/g tissue) in poorly differentiated tu
mors, and was below detectable levels in normal gynecological tissue.
Furthermore, investigations with a polyclonal NO synthase antibody re
vealed immunoreactivity only in malignant tissue. This was associated
with NO synthase activity and localized to tumor cells. Thus NO synthase
is present in human gynecological tumors, and its presence seems to
correlate inversely with the differentiation of the tumor.

a control group.
Pieces of tissue from each site were divided and either fixed by immersion
in neutral buffered formalin for histolÃ³gica! diagnosis and immunolahcling
studies or freeze-clamped and stored at -70Â°C for subsequent assay for NO
synthase activity and Western blotting.
Histology. Tumor type and grade were determined by histolÃ³gica! assess
ment of hematoxylin and eosin-stained tissue sections (Table 1).
Assay of NO Synthase. Frozen tissue was extracted at 0-4Â°C by homogenization (with an Ystral homogenizer) in 2.5 volumes of a buffer containing
320 iriM sucrose, 50 HIMTris, 1 HIMEDTA, 1 mu oL-dithiothreitol, 10 ng/ml
leupeptin, 10 fig/ml soybean trypsin inhibitor, and 2 ^ig/ml aprotinin brought
to pH 7.0 at 20Â°Cwith HCI. The homogenates were centrifuged at 10,000 x
g at 0â€”4Â°C
for 30 min. Supernatants were stored on ice for up to 2 h before use.
Nitric oxide synthase in these supernatants (cytosol plus microsomes) was
measured by the conversion of L-[t/-'4C]arginine to [(/-'4C]citrullinc as de
scribed previously (9). The activity of the calcium-dependent enzyme was
determined from the difference between the [t/-14C]citrulline generated from

INTRODUCTION

The nitric oxide synthases are a family of isoenzymes which con
vert L-arginine to L-citrulline and generate NO (1). Cells of the vas
cular and nervous system possess calcium-dependent NO synthases
and produce NO to act as a signal transduction mechanism (2). In
contrast, NO synthase induced by cytokines and endotoxin is in most
cases calcium independent (1) and provides a sustained release of NO
which mediates some cytostatic and cytotoxic effects of the immune
system (3).
Solid tumors contain a diverse range of cells including macro
phages, T-lymphocytes, endothelial cells of the tumor vasculature, and
fibroblasts of the supporting stroma, as well as tumor cells (4). Nitric
oxide synthase can be found in many of these cell types in primary
cultures or cell lines. The presence of the constitutive calcium-depen
dent isoform in endothelial cells and the calcium-independent isoform
induced by cytokines in macrophages and endothelial cells has been
well described (2). For various tumor cell lines, the presence of the
calcium-dependent isoform (5, 6) and the cytokine-induced calciumindependent isoform (7, 8) has been documented.
Because of this, we decided to investigate the presence, character
istics, and cellular localization of NO synthase in solid tumors in
humans. Here we report our findings from investigations of samples
from different types of human gynecological tumors.
MATERIALS

AND METHODS

Materials. All chemicals were from Sigma, Boehringer Mannheim, or
BDH, unless otherwise indicated. i.-[t/-'4C]Arginine was from Amersham,
United Kingdom.

control samples and samples containing 1 m\i EGTA; the activity of the
calcium-independent
enzyme was determined from the difference between
samples containing 1 mM EGTA2 and samples containing both 1 mw EGTA and
1 mM /Vc-monomethyl-i-arginine.
The limit of detection in this assay was 15
pmol/min/g tissue.
Immunohistochemistry
of Tissue Sections. Sections (3 Â¿Â¿m
thick) of par
affin wax-embedded tissue were dewaxed in xylene and brought to PBS
through alcohol. They were washed in PBS and endogenous peroxidases were
blocked with 1% hydrogen peroxide in methanol for 15 min. After a washing
with PBS (5 min), nonspecific immunolabeling was blocked by incubation for
30 min with normal goat serum diluted 1:30. After a further 5 min wash with
PBS the sections were ready for immunolabeling.
For NO synthase detection the sections were incubated with rabbit antiserum raised against rat brain NO synthase (10) diluted 1:1000 with PBT. This
antibody has proven reactivity with constitutive NO synthase isoforms ( 10) and
across several species including humans (11, 12). After overnight incubation
the sections were rinsed with PBS (3 x 5 min) and incubated for 30 min with
anti-rabbit biotinylated conjugate diluted 1:20 with PBT. Preimmune serum
was used at identical concentrations as a control.
For macrophage detection, adjacent sections were incubated for l h with
DAKO CD68 PG-M1 mouse monoclonal antibody (DAKO A/S, Glostrup,
Denmark) diluted 1:100 with PBT. Another mouse monoclonal antibody raised
against an unrelated antigen and used at the same dilution provided the control.
After 3X5 min rinses with PBS the sections were incubated with anti-mouse
biotinylated conjugate 1:20 in PBT.
In all cases the biotinylated conjugate was detected with ExtrAvidin-peroxidase complex diluted 1:20 with PBT. Immunolabeling was developed with
diaminobenzidine tetrahydrochloride (10 mg in 15 ml of PBS containing 12 jj.1
of fresh hydrogen peroxide), washed in water, stained briefly with hematoxy
lin, dehydrated, cleared, and mounted before examination.
Western Blotting of Semipurified NO Synthase. Frozen tissues were
defrosted into iced buffer, pH 7.2, containing 50 min Tris, 5 mM m-dithiothreitol, 1 fxg/ml leupeptin, 10 /xg/ml chymostatin, 1 fig/ml pepstatin, 40 (Â¿g/ml
bestatin, and 50 fig/ml /V-a-p-tosyl-L-lysine chloromethyl ketone. Cytosols
were extracted by homogenization and ultraccntrifugation (100,000 X g for 1
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NO SYNTHASE

Table 1 Pathological features and NO synthase activity of malignant tumor specimens

Case1

typeOvarian

234567Ovarian
OvarianOvarian

tissue)Ovary
Tissue sile

TUMORS

tumor (range, 250-1950 pmol/min/g tissue) and was <54 pmol/min/g

tissue for moderately differentiated tumors. For individual cases,
where malignant tissue was obtained from multiple sites (primary
and/or metastatic), the activity was similar between sites. Nitric oxide
<15
synthase activity was <15 pmol/min/g tissue in nonmalignant tissue
5451250387536666710970
from the 8 cancer and 3 noncancer patients. Calcium-independent

synthase
(pmol/min/g

OvaryBowel
Moderate
ModeratePoor noduleOmental
noduleOvary

OvarianOvarianEndometrial
PoorPoorModerate
PeritoneumOmentumSmall
noduleOmental
bowel
noduleOvaryEndometrium
n/a6NO
Uterus<15
gTumorMixed mesodermalGrade"Moderale
' Tumors were graded according to the degree of differentiation
^ n/a, not applicable.

IN HUMAN

27
1950
in tissue sections.

h). ADP-Sepharose eluates were prepared from supernatants as described pre
viously (10). Proteins in ADP eluates were subjected to 7.5% sodium dodecyl
sulfale-polyacrylamide
gel electrophoresis, blotted onto nitrocellulose mem
branes (Schleicher and Schuell, Dassel, Germany), and blocked with 5%
bovine serum albumin in PBS, and the membrane was incubated with the NO
synthase antiserum (see immunohistochemistry
studies) diluted 1:100, fol
lowed by development with AuroProbe and silver enhancement (Amersham).

RESULTS
Nitric Oxide Synthase Activity. Calcium-dependent NO synthase
activity was found in tissue from 10 of the 12 malignant sites inves
tigated (Table 1). The activity varied widely between cases but was
highest in poorly differentiated tumors and the mixed mesodermal

NO synthase activity was below detectable levels for all the tissues
investigated.
Immunohistochemistry of Tissue Sections. The NO synthase antiserum immunolabeled tumor cells in all malignant tissues with de
tectable NO synthase activity (Fig. \A ). Immunoreactivity was wide
spread throughout the tissue sections from the mixed mesodermal
tumor and from poorly differentiated ovarian tumors in which the
highest NO synthase activities were detected. However, some regions
in these tumors showed no immunoreactivity, and others showed
positive and negative cells frequently adjacent to each other (Fig. IÃŸ).
Very few Â¡mmunoreactive cells were observed in sections from ma
lignant tumors with NO synthase activity below detectable levels or
from nonmalignant tissue. Preimmune serum did not react with the
malignant or normal tissue sections (Fig. 1C). Cells positive for the
anti-human macrophage antibody were observed in sections from
malignant tissue and these were confined predominantly to the stroma
(Fig. ID).
Western Blots. The NO synthase antiserum reacted with proteins
present in ADP eluates prepared only from malignant tissue, and
protein bands with molecular weights of approximately 160,000 and
135,000 were visible in all these samples (Fig. 2). Weak low molecu
lar weight bands (M, -110,000 and -55,000) were also visible. No

,

â€¢¿
Y
Fig. 1. Tissue from a poorly
)orly differentiated ovarian tumor with high NO synthase activity. (A) NO synthase immunoreactivity (brown stain) localized to the tumor cells throughout
the section (bar, 150 /Â¿m);(B) ""
"~~ '
"â€”'
' i; (B) NO synthase immunoreactive (curved arrow) and nonimmunoreactive (straight arrow) tumor cells adjacent to each other (bar, 40 Â¿im);(C) no
nmune serum (bar, 40 firn); (D) few cells in the stroma (arrows) immunoreactive with the anti-human macrophage marker (bar, 90 /im).
immunolabeling with preimmun
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NO SYNTHASE

IN HUMAN

TUMORS

Nitric oxide is a cytotoxic and cytostatic molecule and at the same
time is a very potent vasodilator. This molecule, therefore, may be
playing a paradoxical role in tumor development as it does in other
systems (19). What remains intriguing and might in the future be the
basis for a prognostic diagnosis in some of these tumors is that there
seems to be a correlation between the grade of malignancy and the
activity of the NO synthase.
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Fig. 2. Western blot of ADP-Sepharose eluates from malignant and nonmalignant tissue
from cancer patients and from cervix from a non-cancer patient. Lane 1, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis of malignant uterine tissue (case 8) stained
with Coomassie brilliant blue. Rabbit antiserum diluted 1:100 and reacted with: Lane 2,
malignant uterine tissue (case 8); Lane 3, nonmalignant peritoneal nodule (case 8); Lane
4, normal cervix; Lanes 5-7, malignant tissue from omental nodule, small bowel nodule,
and ovary (case 6) respectively; Lane 8, control constitutive calcium-dependent NO
synthase from rat brain; Lane 9, inducible calcium-independent NO synthase from macro
phage J774 cell line.
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immunoreactive bands were visible in Western blots of ADP eluates
prepared from nonmalignant tissue (Fig. 2).
DISCUSSION
The results of the present study show that high levels of NO
synthase activity are present in malignant tissue from gynecological
cancers while the enzyme activity is below detectable levels in gyne
cological tissue from non-cancer patients. This suggests that high NO
synthase activity is related to malignancy.
Furthermore, the immunohistochemical and Western blot studies
with the NO synthase antiserum revealed immunoreactive proteins in
the tissue samples in which NO synthase activity was detected. This
immunoreactivity was localized to the tumor cells.
In Western blots the appearance of two protein bands (A/r â€”¿160,000
and â€”¿135,000),with molecular weights which correspond to the
known NO synthase isoforms (13-16), suggests that tumor cells may
be expressing more than one NO synthase. Alternatively, the lower
molecular weight bands detected by this antiserum may correspond to
degradation products of the expressed NO synthase (10).
Macrophage infiltration is a common feature of human solid tumors
(17). While NO has been proposed to be an important effector mol
ecule of macrophage tumoricidal activity (3), NO generation by cul
tured human macrophages has not been reproducible. We therefore
also examined tumor tissue for the presence of macrophages and their
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were predominantly confined to the stroma, where NO synthase im
munoreactivity was not observed. Thus, it is unlikely that macro
phages in these tumors provide a significant contribution to the de
tected NO synthase activity.
We found that the NO synthase activity in gynecological tumor
tissue was calcium dependent. The classification of NO synthase
isoforms has until now been based on biochemical criteria. Thus
enzymes have been known as calcium dependent and constitutive or
calcium independent and inducible (1). However, it is becoming clear
that there are calcium-dependent isoforms which are inducible (18)
and calcium-independent isoforms which are apparently constitutive
(8). Thus, the present classification based on calcium dependence
should be viewed with caution, and the nature of the NO synthase in
tumor tissue as well as the role of NO generated remains to be studied
in detail.

5. Forstermann, U., Gorsky, L. D.. Pollock, J. S., Ishii, K., Schmidt, H. H. H. W., Heller,
M.. and Murad, F. Hormone-induced biosynthesis of endothclium-derived relaxing
factor/nitric oxide-like material in N1E-115 neuroblastoma cells requires calcium and
calmodulin. Mol. Pharmacol., 38: 7-13. 1990.
6. Werner-Felmayer, G., Werner, E. R., Fuchs, D., Hausen, A., Mayer, B., Reibnegger,
G., Weiss, G., and WÃ¤chter,H. Ca2^/calmodulin-dependent
nitric oxide synthase
activity in the human cervix carcinoma cell line ME-I80. Biochem. J., 289: 357-361,
1993.
7. Amber, I. J., Hibbs, J. B., Jr.. Taintor, R. R., and Vavrin, Z. The L-arginine dependent
effector mechanism is induced in murine adenocarcinoma cells by culture supernatant
from cytotoxic activated macrophages. J. Leukocyte Biol., 43: 187-192, 1988.
8. Radomski, M. W., Jenkins, D. C.. Holmes, L., and Moneada. S. Human colorectal
adenocarcinoma cells: differential nitric oxide synthesis determines their ability to
aggregate platelets. Cancer Res., 51: 6073-6078, 1991.
9. Knowles, R. G., Merrett, M., Sailer, M.. and Moneada, S. Differential induction of
brain, lung and liver nitric oxide synthase by endotoxin in the rat. Biochem. J., 270:
833-836, 1990.
10. Springall, D. R., Riveros-Moreno. V. Buttery. L., Suburo, A.. Bishop. A. E.. Merrett,
M., Moneada. S., and Polak, J. M. Immunological detection of nitric oxide synthase(s)
in human tissues using heterologous antibodies suggesting different isoforms. Histochemistry, 98: 259-266, 1992.
11. Terenghi, G., Riveros-Moreno, V., Hudson, L. D., Ibrahim, N. B. N., and Polak, J. M.
Immunohistochemislry of nitric oxide synthase demonstrates immunoreactive neu
rons in spinal cord and dorsal root ganglia of man and rat. J. Neurol. Sci.. ÃŒ18:
34-37,
1993.
12. Brave, S. R., Tucker, J. F, Gibson, A., Bishop, A. E., Riveros-Moreno, V., Moneada,
S., and Polak, J. M. Localisation of nitric oxide synthase within non-adrenergic,
non-cholinergic nerves in the mouse anococcygeus. Neurosci. Lett., 161: 93-96,
1993.
13. Bredt, D. S., Hwang, P. M., Glatt, C. E., Lowenstein, C.. Reed, R. R., and Snyder, S.
H. Cloned and expressed nitric oxide synthase structurally resembles cytochrome
P-450 reducÃ-ase.Nature (Lond.), .?5/: 714-718, 1991.
14. Lamas, S., Marsden, P. A., Li, G. K., Tempst, P.. and Michel, T. Endothelial nitric
oxide synthase: molecular cloning and characterization of a distinct constitutive
enzyme isoform. Proc. Nati. Acad. Sci. USA, 89: 6348-6352. 1992.
15. Sessa, W. C., Harrison, J. K.. Barber, C. M., Zeng, D., Durieux, M. E., D'Angelo. D.

16.

17.
18.

19.

D.. Lynch. K. R., and Peach. M. J. Molecular cloning and expression of a cDNA
encoding endothelial cell nitric oxide synthase. J. Biol. Chem., 267: 15274-15276,
1992.
Xie, Q-W., Cho, H. J., Calaycay, J.. Mumford. R. A., Swiderek. K. M., Lee, T. D.,
Ding, A., Troso, T., and Nathan, C. Cloning and characterization of inducihle nitric
oxide synthase from mouse macrophages. Science (Washington DC), 256: 225-228,
1992.
McBride, W. H. Phenotype and functions of intratumoral macrophages. Biochim.
Biophys. Acta, 865: 27-41, 1986.
Palmer, R. M. J., Andrews, T, Foxwell, N. A., and Moneada. S. Glucocorticoids do
not affect the induction of a novel calcium-dependent nitric oxide synthase in rabbit
chondrocytes. Biochem. Biophys. Res. Commun.. 188: 209-215, 1992.
Wright, C. E., Rees, D. D., and Moneada, S. Protective and pathological roles of nitric
oxide in endotoxin shock. Cardiovasc. Res., 26: 48-57, 1992.

1354

Downloaded from cancerres.aacrjournals.org on May 24, 2019. © 1994 American Association for Cancer Research.

Nitric Oxide Synthase Activity in Human Gynecological Cancer
Lindy L. Thomsen, Frank G. Lawton, Richard G. Knowles, et al.
Cancer Res 1994;54:1352-1354.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/54/5/1352

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/54/5/1352.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on May 24, 2019. © 1994 American Association for Cancer Research.

