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Summary. We have demonstrated, with immunohisto-

chemical techniques, the colocalization of tumour
necrosis factor-a (TNFa) with a constitutive neuronal
isoform of nitric oxide-synthase (NOS) in granules of
the majority (52.77%) of the mast cells (MCs) of healthy
human nasal mucosa. Very few cells were positive for
NOS alone (2.54%). Some cells were positive for TNFa
alone (16.73%) or negative for both antigens (18%).
Since dim degranulation occurs in MCs of healthy nasal
mucosa at any time, we propose that low concentrations
of TNFa and NOS secreted by these cells are involved
not only in the regulation of homeostasis of normal
human nasal mucosa, but also in the survival and
function of MCs themselves.
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immediately secreted upon immune stimulation (Young
et al., 1987; Old, 1988; Richards et al., 1988; Gordon
and Galli, 1990; Benyon et al., 1991).
Nitric oxide (NO) is considered a regulator molecule
involved in many cellular functions and in numerous
pathologies (see the extensive review by Wolf, 1997).
We have recently demonstrated with immunohistochemical techniques that MCs of normal human nasal
mucosa contain within their granules a constitutive,
neuronal form of nitric oxide-synthase (NOS) (Bacci et
al., 1994). NO seems to be a mediator of some effects of
TNFa: in particular it increases the cytotoxic effect of
this cytokine (Bissonnette et al., 1991). To provide a
further insight into the possible functional relationship
between TNFa and NO producing enzymes in the nasal
mucosa, we have addressed the question as to whether
NOS immunoreactivity coexists with that of TNFa in
MCs of healthy human nasal mucosa.

Introduction

Material and fitethods

Tumor necrosis factor-alpha (TNFa) is a multifunctional cytokine involved in the regulation of tissue
homeostasis and local immune responses. Besides
macrophages and several leukocytes (Carswell et al.,
1975; Cuturi et al., 1987; Dubravech et al., 1990;
Higuchi et al., 1990; Costa et al., 1993), mast cells
(MCs) have also been recognized as a source of TNFa
(Gordon and Galli, 1990). TNFa has been found in MCs
of several animal species by pharmacological methods
(Young et al., 1987; Richards et al., 1988; Gordon and
Galli, 1990). By immunohistochemistry, this cytokine
has been localized to the granules of peritonea1 MCs of
rats and mice (Beil et al., 1994) and in the MCs of the
dermis, oral and nasal mucosa of healthy humans (Walsh
et al., 1991; Bradding et al., 1995; Walsh, 1995). Besides
being stored in granules, TNFa can be synthesized and

Biopsies of nasal mucosa were taken from the edge
of the inferior turbinate during surgery for rhinoplasty of
4 men (mean age 24 years, range 18-30 years). The
specimens were fixed in Carnoy's solution, dehydrated
in ethanol, cleared in xylene and embedded in paraplast.
All subjects gave an informed consent and the protocol
was carried out following the Italian law and the ethical
guidelines of the Italian National Medical Council. For
light microscopy, sections were stained with 0.5%
toluidine blue (Gurr, Pool, UK) in distilled water. For
fluorescence microscopy, sections were treated with
tetramethylrhodamine isothiocyanate (TR1TC)-labeled
avidin (Immunotech, Marseille, France), diluted 1:400,
to stain MC granules (Tharp et al., 1985). To study the
possible colocalization of TNFa and NOS the following
method was used. Paired serial sections were placed
apposed on slides, with the lower surface of the first
section and the upper one of the second section upside.
Both sections of each pair were first stained with
TRITC-labeled avidin to stain MC granules. One section
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