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Reciprocal effects of interleukin-4 and interferon-y on immunoglobulin E-mediated
mast cell degranulation: a role for nitric oxide but not peroxynitrite or cyclic
guanosine monophosphate
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Laboratory, Macclesfield, and I Unilever Safety and Environmental Assurance Centre, Sharnbrook, UK

SUMMARY

We report that cultured rat peritoneal cells spontaneously synthesize nitric oxide and this is
associated with active suppression of mast cell secretory function. Addition of interleukin-4 (IL-4)
or the nitric oxide synthase inhibitor N-monomethyl-L-arginine to peritoneal cells inhibited nitric
oxide synthesis and enhanced anti-IgE-mediated mast cell degranulation, measured as serotonin
release. Interferon-y (IFN-y) completely overcame the enhancement of serotonin release and
suppression of nitrite production induced by IL-4. Over several experiments, with or without 1L-4
and/or IFN-y, serotonin release correlated inversely with nitrite production. On a cell-for-cell
basis, non-mast cells produced &~ 30 times more nitrite than mast cells in peritoneal cell populations,
with or without IFN-y stimulation. The nitric oxide donor S-nitrosoglutathione inhibited anti-
IgE-induced serotonin release from purified mast cells, whereas 8-bromo-cyclic GMP, the guanylate
cyclase inhibitor 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one, superoxide dismutase and the
peroxynitrite scavenger uric acid, were without effect. We conclude that IL-4 and IFN-y reciprocally
regulate mast cell secretory responsiveness via control of nitric oxide synthesis by accessory cells;
the nitric oxide effect on mast cells is direct but does not involve cyclic GMP or peroxynitrite.

INTRODUCTION

The degranulation of rodent peritoneal mast cells is recipro-
cally regulated by the T-lymphocyte-derived cytokines
interferon-y (IFN-y) and interleukin-4 (IL-4). IFN-y
inhibits'~® whereas IL-4 enhances**> IgE-dependent mast cell
activation and associated mediator release. IFN-y exerts sup-
pressive actions on other functions of rodent peritoneal mast
cells, for example clonal proliferation® and tumour necrosis
factor-o. (TNF-o)-mediated cytotoxicity.” These effects on
degranulation and cytotoxicity are shared by IFN-o/B.” In
contrast to IFN-y, IL-4 generally exerts enhancing effects on
mast cell function. For example, IL-4 enhances not only
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degranulation?®*3 but also clonal proliferation of mouse perito-
neal mast cells;'® it up-regulates cytokine gene expression by
the human HMC-1 mast cell line,'! and IgE receptor expression
on mouse peritoneal® and human cord blood-derived mast
cells.!? Thus, in general, IFN-y exerts inhibitory effects whereas
IL-4 exerts positive influences on mast cell functions.

Recently we reported that the inhibitory effect of IFN-y
on degranulation of mast cells in mouse peritoneal cell popu-
lations is via induction of nitric oxide.? Several lines of evidence
pointed to this conclusion: the IFN-y activity was blocked by
the competitive nitric oxide synthase (NOS) inhibitor N-
monomethyl-L-arginine (L-NMMA) or by depletion of the
NOS substrate L-arginine from the extracellular medium, and
the IFN-y effect was mimicked by nitric oxide donors. The
cytokine was considerably more potent in mixed peritoneal
cells compared with purified mast cells, suggesting that non-
mast cells are the primary source of the nitric oxide, and this
was confirmed by direct measurement of nitrite production.?
In view of the above, the aim of the present investigation was
to determine whether the reciprocal effects of IL-4 and IFN-y
on mast cell degranulation could be accounted for by reciprocal
regulation of nitric oxide synthesis. We also investigated
whether nitric oxide exerts its effects on mast cells by activating
guanylate cyclase to elevate cellular cyclic guanosine mono-
phosphate (cGMP), or by interaction with superoxide to
generate the cytotoxic radical peroxynitrite.
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MATERIALS AND METHODS

Peritoneal cell and purified mast cell cultures

Cells were obtained by peritoneal lavage of male or female
Brown Norway rats (200-300 g, Liverpool University outbred
stock) with 50 ml of Hanks’ balanced salt solution (HBSS,
Gibco Life Technologies, Paisley, UK ). The cells were washed
twice in HBSS by centrifugation at 260 g for 5 min, and finally
resuspended in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco, containing 5% fetal calf serum (FCS, Gibco), 4-0 mm
L-glutamine and 50 pg/ml gentamicin (complete DMEM;
c¢cDMEM) to give 10° nucleated cells/ml comprising 5-10%
mast cells as determined by metachromatic staining with 0-02%
toluidine blue. In some experiments mast cells were purified
to >98% by centrifugation through 7-5ml of 65% isotonic
Percoll solution (Sigma, Poole, UK) at 400 g for 15 min. The
cells were cultured in quadruplicate as 0-5-1-0 ml volumes in
conical sterile plastic tubes at 37° with 5% CO, in air for
24 hr. Various compounds were added to the cultures as
described in the Results and in the figure legends. Recombinant
rat IL-4 was from Serotec (Oxford, UK) or Peprotech
(London, UK) and IFN-y was from Serotec. Concentrations
of IL-4 (40 ng/ml) and IFN-y (100 ng/ml) were optimized in
pilot experiments. The L-NMMA, S-nitrosoglutathione
(SNOG) and 8-bromo-cGMP were from Calbiochem-
Novabiochem (Nottingham, UK); superoxide dismutase
(SOD) and urate were from Sigma; 1 H-[1,2,4]oxadiazolo[4,3-
a]lquinoxalin-1-one (ODQ) was from Alexis Corporation
(Nottingham, UK).

Cell challenge

One hour prior to the termination of the cultures, 1 pCi/ml of
*H-labelled serotonin (5-[1,2->H(N)]-hydroxytryptamine crea-
tinine sulphate, specific activity 27 Ci/mmol; DuPont NEN,
Dreiech, Germany), that is selectively incorporated into mast
cell granules, was added to each culture. At the termination
of the cultures, the cells were sedimented, the supernatant
medium was retained for nitrite assay, and the cells were
washed twice with 1 ml of wash medium (DMEM with 1%
FCS) and resuspended in 1 ml of challenge medium (¢cDMEM
buffered to pH 7-0 with 10-0 mm HEPES). The cells (100 pl)
were added in duplicate to either 100 pl of challenge medium
(as a control), 100 pl of 1/1000 rabbit anti-rat IgE (raised in
house) or 100 pl of 0-05% Triton-X-100 (to lyse the cells). The
cells were incubated for 20 min at 37° with 5% CO, in air,
after which they were centrifuged at 350 g for 2 min. Then,
100 pl of the supernatant fraction was removed and added to
2 ml of scintillation cocktail (Aqualuma Plus, Lumac LSC.
BV., Groningen, the Netherlands). The samples were analysed
for [*H] activity over 1 min on a liquid scintillation counter
(Packard Tri-Carb 1500, Packard Instrument Co., Downers
Grove, IL). Percentage specific release of [*H]serotonin from
mast cells was assessed as [(a¢—b)/(c—b)] x 100 where a=counts
per minute (c.p.m.) for anti-IgE-treated cells, b=c.p.m. for
control cells and ¢=c.p.m. for lysed cells.

Nitrite assay

The nitrite content of cell culture supernatant fractions was
determined by the Griess method.!® Samples (150 ul) were
added in duplicate to 96-well microtitre plates, alongside
duplicate sodium nitrite standards in the range 0-100 pm.
Then, 50 pl of Griess reagent (1% sulphanilamide and 0-1%
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N-(1-naphthyl) ethylenediamine dihydrochloride in 45%
ethanoic acid) was added to each well and the samples were
incubated for 10 min at room temperature. Absorbances at
570 nm were read on an automatic plate reader (MR 600,
Dynatech Instruments Inc., Torrance, CA). The values of
nitrite concentration in the culture samples were obtained
from the standard curve.

Flow cytometry

To measure cell surface levels of IgE, purified (> 98%)
peritoneal mast cells were cultured in 0-5 ml volumes contain-
ing 2:5x105-5:0 x 105 cells. After 24 hr in the presence of
various concentrations of the nitric oxide donor SNOG, the
cells were washed twice in phosphate-buffered saline containing
0-5 mg/ml bovine serum albumin and 5 mMm ethylenediamine
tetraacetic acid (PBS-BSA) and resuspended in 50 pl of ice-
cold PBS-BSA containing 1/50 rabbit anti-rat IgE or control
normal rabbit serum for 30 min at 0° in the dark. The cells
were washed three times in PBS-BSA before addition of sheep
anti-rabbit IgG:fluorescein isothiocyanate (FITC) conjugate
(1/50, Serotec) for 30 min at 0° in the dark. The cells were
washed again and analysed by flow cytometry. All cell samples
were analysed on a Becton Dickinson FACScan flow cytometer
and the data were analysed using winMDI (version 2-5)
software. The fluorescence threshold was set to give <10%
false positives. Mean and peak fluorescence were measured in
relative units.

Statistics

All cell culture experiments were performed in quadruplicate
and all experiments were performed four times. The data was
analysed by analysis of variance (ANOvA) and group compari-
sons were analysed by Bonferroni-corrected Student’s z-test.

RESULTS

Effects of IFN-y and/or L-NMMA on anti-IgE-induced mast
cell serotonin release and peritoneal cell nitrite production

Rat peritoneal cells (containing 5-10% mast cells) were cul-
tured in cDMEM in the presence or absence of the nitric oxide
synthase inhibitor L-NMMA (100 um) and/or IFN-y
(100 ng/ml) for 24 hr prior to challenge with anti-IgE anti-
body. Cells cultured without either IFN-y or L-NMMA
released low levels (<10%) of serotonin upon challenge
(Fig. 1a) and this was associated with high levels (> 25 pm) of
total culture nitrite (Fig. 1b). Addition of L-NMMA alone
reduced nitrite levels to 25-30% of control values and this was
associated with a three- to fourfold increase in anti-IgE-
induced serotonin release (Fig. 1). Thus, spontaneous pro-
duction of nitric oxide by peritoneal cells is responsible for
active suppression of mast cell responsiveness. Addition of
IFN-v to the cultures increased nitrite production significantly
(by 50%) but this was not associated with any further inhibition
of serotonin release. Similar results to those shown in Fig. 1
were obtained with peritoneal cells from Wistar rats (data
not shown).

Effects of IL-4 and/or L-NMMA on anti-IgE-induced mast cell
serotonin release and peritoneal cell nitrite production

Addition of IL-4 (40 ng/ml) to 24 hr peritoneal cell cultures
led to a 2-2-fold increase in anti-IgE-induced serotonin release
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Figure 1. Effects of IFN-y and L-NMMA on (a) mast cell serotonin
release and (b) peritoneal cell nitrite production. Peritoneal cells were
cultured for 24 hr with IFN-y (100 ng/ml) or L-NMMA (0-1 mm),
both compounds in combination, or with neither compound (control
cells). At the end of the culture period supernatant medium was
removed for measurement of nitrite, and the cells were washed and
challenged with anti-IgE for measurement of serotonin release. Results
are means +SEM for four experiments. *P <0-001 compared to con-
trol cells.

compared with controls, whereas L-NMMA (100 um) enhanced
the response 3-3-fold (Fig. 2a). IL-4 and L-NMMA in combi-
nation at these concentrations produced a small, though not
significantly greater, enhancement compared to either com-
pound alone (Fig. 2a). IL-4 or L-NMMA alone at the above
concentrations significantly decreased nitrite levels to 56% and
26%, respectively, of control values. In combination IL-4 and
L-NMMA further reduced nitrite production to 10% of control
values (Fig. 2b). When the concentration of L-NMMA was
raised to 500 um to completely block NOS activity, 1L-4
produced no further enhancement of anti-IgE-induced sero-
tonin release beyond that produced by L-NMMA alone (data
not shown).

Interactions of IL-4 and IFN-y on anti-IgE-induced mast cell
serotonin release and peritoneal cell nitrite production

Peritoneal cells were cultured for 24 hr with or without 1L-4
(40 ng/ml) and/or IFN-y (100 ng/ml). At the termination of
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Figure 2. Effects of IL-4 and L-NMMA on (a) mast cell serotonin
release and (b) peritoneal cell nitrite production. Peritoneal cells were
cultured for 24 hr with IL-4 (40 ng/ml) or L-NMMA (0-1 mm), both
compounds in combination, or with neither compound (control cells).
At the end of the culture period, supernatant medium was removed
for measurement of nitrite, and the cells were washed and challenged
with anti-IgE for measurement of serotonin release. Results are
means +SEM for four experiments. *P <0-001 compared to control
cells; 1P <0-05 compared to cells treated with L-NMMA alone.

culture an aliquot of supernatant medium was removed for
nitrite assay and the cells were washed and challenged with
anti-IgE. Anti-IgE-induced serotonin release was low (<5%)
and nitrite production was high (>20 um) for non-cytokine-
treated cells (Fig. 3) as previously. IL-4 alone increased anti-
IgE-induced serotonin release 3-2-fold and at the same time
reduced nitrite production to half of control levels. IFN-y
alone did not suppress significantly the already low levels of
mast cell degranulation, but completely overcame the enhanc-
ing effects of IL-4 on stimulated serotonin release (Fig. 3a).
In the same cell populations, IFN-y increased nitrite pro-
duction to 2-6-fold control (no cytokine) levels in the absence
of IL-4 and 2-4-fold in the presence of IL-4. Thus, the
inhibitory effect of IL-4 on nitric oxide synthesis was com-
pletely overcome by IFN-y, in parallel to the reversal by IFN-y
of the IL-4-dependent enhancement of mast cell degranu-
lation (Fig. 3).

The data from Fig. 3 (obtained from four experimental
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Figure 3. Effects of IFN-y and IL-4 on (a) mast cell serotonin release
and (b) peritoneal cell nitrite production. Peritoneal cells were cultured
for 24 hr with IFN-y (100 ng/ml) or IL-4 (40 ng/ml), both compounds
in combination, or with neither compound (control cells). At the end
of the culture period supernatant medium was removed for measure-
ment of nitrite, and the cells were washed and challenged with anti-
IgE for measurement of serotonin release. Results are means + SEM
for four experiments. *P <0-01; **P <0-001 compared to control cells.

conditions across four independent experiments) were analysed
by linear regression to investigate the relationship between
serotonin release and nitrite production. A value for the
correlation coefficient, r? of —0-793 was obtained giving a P-
value of 0-0003, showing that serotonin release was signifi-
cantly inversely related to levels of nitrite production under
various conditions of culture, either with or without added
cytokines.

Cell source of mast cell inhibitory nitric oxide

Peritoneal cells were separated through Percoll into purified
(>98%) mast cells and mast cell-depleted (<2% mast cells)
interface cells, and cultured for 24 hr with or without IFN-y.
Purified mast cells generated barely detectable nitrite whereas
interface cells (<2% mast cells) generated high levels of nitrite
(>40 uM) and this was increased in the presence of IFN-y
(Fig. 4). On a cell-for-cell basis, cells in the mast cell-depleted
fraction produced 30 times more nitrite than purified mast
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Figure 4. Nitrite production by purified (>98%) mast cells and mast
cell-depleted (<2%) peritoneal cells separated on Percoll gradients.
The cells were cultured for 24 hr with (+) or without () 100 ng/ml
IFN-y. Results are means+SEM for four experiments. *P<0-01
compared to non-IFN-y-treated cells.

cells. Considering that the purified mast cells contained 1-2%
non-mast cells, these could have accounted in full for the low
levels of nitrite released. Furthermore, the NOS inhibitor
L-NMMA (100 um) was without effect on serotonin release
from purified mast cells (control anti-IgE-induced release was
33-44+4-4% and with L-NMMA was 36-1 +4-7%; means + SEM
for four experiments each performed in quadruplicate). This
shows that purified mast cells do not produce sufficient nitric
oxide to inhibit their own secretory responses. Also, anti-IgE-
induced serotonin release from purified mast cells was consider-
ably greater (up to eightfold) than that for unfractionated
peritoneal cells (compare above data with that in Figs 1, 2
and 3), showing that removal of non-mast cells eliminates the
source of nitric oxide and allows the mast cells to respond fully.

Effect of a nitric oxide donor on anti-IgE-induced mast cell
serotonin release and surface IgE expression

To establish whether nitric oxide can inhibit mast cell degranu-
lation directly, purified peritoneal mast cells (>98%) were
cultured with the nitric oxide donor SNOG for 24 hr (pilot
experiments had shown this incubation time was optimal).
SNOG produced a concentration-dependent inhibition of anti-
IgE-induced serotonin release with 76% inhibition reached at
1000 um (Fig. 5a). Under identical experimental conditions
SNOG did not influence cell surface expression of IgE
(Fig. 5b). Thus, nitric oxide acts directly on mast cells to
inhibit IgE-mediated secretion and its actions are on postrecep-
tor coupling events rather than on expression of cell surface
IgE.

Possible involvement of cGMP in regulation of mast cell
degranulation

To determine whether the mast cell regulatory effects of nitric
oxide might be through cGMP, a physiological mediator of
many nitric oxide effects, we adopted two approaches. In
the first we tested a cell-permeable analogue of cGMP,
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Figure 5. Effect of SNOG on mast cell degranulation and surface IgE
expression. Purified (>98%) mast cells were cultured for 24 hr with
SNOG before challenge with anti-IgE for measurement of serotonin
release (a) or flow cytometric analysis of IgE expression expressed as
mean fluorescence (b). Results are means + SEM for four experiments.
*P<0-001 compared to control cells.

8-bromo-cGMP** for direct inhibitory effects on mast cells.
Second, we examined the selective guanylate cyclase inhibitor
ODQ!5!6 for enhancing effects on mast cells in unfractionated
peritoneal cell populations that were actively generating
nitric oxide.

Culture of purified peritoneal mast cells with 8-bromo-
¢cGMP (0-5-1:0mm) for 24 hr had no effect on anti-IgE
induced serotonin release (for example, control release was
28:6+3-5% and with 1-0 mm of the cyclic nucleotide was
29-8 +1:6%; means + SEM, n=4). Similarly, culture of unfrac-
tionated peritoneal cells for 24 hr with ODQ (10-0 nm to
1-0 pm) had no effect on stimulated serotonin release (control
release was 22-8 +2-7% and with 1 pm ODQ was 19-3 +2-7%;
means + SEM, n=4). These concentrations of ODQ were
tested on an isolated aortic ring smooth muscle preparation
and found to be potent in the suppression of relaxation
induced by SNOG (data not shown).

Possible involvement of superoxide and peroxynitrite in nitric
oxide-induced suppression of mast cell degranulation

Under conditions where superoxide is generated in the presence
of nitric oxide, these two radicals can interact to generate the
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Figure 6. Effects of L-NMMA, SOD and urate on (a) mast cell
serotonin release and (b) peritoneal cell nitrite production. Peritoneal
cells were cultured for 24 hr in the absence (control) or presence of
L-NMMA (0-1 mm), SOD (200 units/ml) or urate (0-5 mm). IFN-y
(100 ng/ml) was added to all cultures. Supernatant medium was
removed for measurement of nitrite, and the cells were washed and
challenged with anti-IgE for measurement of serotonin release. Results
are means +SEM for four experiments. *P <0-001 compared to con-
trol cells.

highly toxic peroxynitrite molecule that mediates certain of
the cytotoxic effects of nitric oxide.!”!® Thus, superoxide also
reduces nitrite production from nitric oxide. Although superox-
ide can be synthesized by macrophages, its synthesis is not
thought to be under the reciprocal control of IFN-y and 1L-4.
Nevertheless, we tested SOD, an enzyme that depletes superox-
ide'®?° and uric acid, that blocks the cytotoxicity of peroxy-
nitrite!”!8 for effects on mast cell degranulation. Unfractionated
peritoneal cells were cultured for 24 hr with 100 ng/ml of
IFN-y either in the absence (controls) or presence of SOD
(200 units/ml), uric acid (0-5 mMm) or L-NMMA (100 pum), the
latter as a positive control mast cell regulator. These concen-
trations of SOD and uric acid have been shown to be effective
inhibitors in macrophage cell cultures generating super-
oxide.!”° The results shown in Fig. 6 demonstrate that
L-NMMA inhibited nitrite production and enhanced anti-IgE-
induced serotonin release as expected but SOD and uric acid
were without significant effect on either parameter.
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DISCUSSION

We found that cultured rat peritoneal cells spontaneously
generate high levels of nitrite, a marker of nitric oxide synthesis,
without requirement for stimulation with IFN-y, and mast
cells from these cultures responded weakly to anti-IgE by
releasing low levels of granule-associated serotonin. Addition
of L-NMMA, a reversible inhibitor of NOS, to the cultures
inhibited nitrite production and enhanced stimulated serotonin
release (both by a factor of 3—4) showing that the spontaneous
endogenous production of nitric oxide suppresses mast cell
responsiveness. Although IFN-y enhanced nitric oxide syn-
thesis significantly, this was not sufficient to suppress mast cell
degranulation further. IL-4, on the other hand, reduced nitric
oxide synthesis and enhanced mast cell responses (both by a
factor of ~ 2), indicating that the mast cell enhancing activity
of IL-4 is by inhibition of NOS. When nitric oxide synthesis
was fully blocked by L-NMMA, IL-4 was without any further
mast cell-enhancing effect, confirming that its effect on
degranulation is by inhibition of nitric oxide synthesis.

Our observation that IFN-y overcame the NOS inhibiting
and mast cell enhancing effects of IL-4 reveals that although
IFN-vy alone does not further inhibit mast cell responses in
cell populations that are already producing nitric oxide at a
high rate, it does induce nitric oxide synthesis and inhibits
mast cell responses in populations in which nitric oxide
synthesis (e.g. after IL-4 treatment) is at a low level. Therefore
IL-4 and IFN-y reciprocally regulate mast cell responses via
control of NOS activity in rat peritoneal cells. The reciprocal
control of mast cell activation by IFN-y and IL-4 via nitric
oxide synthesis suggests that IgE/mast cell-mediated allergic
reactions may be regulated during the progression of the
immune response in a direction depending on which subset of
T helper lymphocytes (IFN-y producing Thl cells or 1L-4
producing Th2 cells?!) selectively develops.

Confirming a direct effect of nitric oxide on mast cells, we
showed that the nitric oxide donor SNOG inhibited anti-IgE-
induced serotonin release from purified rat peritoneal mast
cells. Furthermore, SNOG did not influence mast cell surface
expression of IgE, demonstrating that nitric oxide targets
signalling events downstream of receptor cross-linkage.

As reported for purified peritoneal mast cells from the
mouse,’ those from the rat do not produce detectable nitric
oxide. Also, our observation that L-NMMA was without effect
on degranulation of purified mast cells cultured with or without
IFN-y confirms that these cells do not produce sufficient nitric
oxide, even if produced at low levels, to inhibit their own
responsiveness. Monocyte/macrophages are the most abundant
cell type in rodent peritoneal populations, and neutrophils and
lymphocytes are also present at a few percent. All of these cell
types produce nitric oxide,?>>> and at least in the case of
monocyte/macrophages nitric oxide production is reciprocally
regulated by IFN-y and IL-4.26-2° Therefore it seems almost
certain that the principal cell source of IFN-y/IL-4-regulated
nitric oxide production in the peritoneal cavity is the monocyte/
macrophage.

Our finding that rat peritoneal mast cells themselves pro-
duce very little or no nitric oxide is at odds with previous
studies using this cell type.3®* We found that non-mast cells
generate >30 times more nitrite than mast cells in both resting
or IFN-y-stimulated populations. Even in purified mast cell
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preparations the 1-2% contaminating non-mast cells could
have contributed appreciably to the low levels of nitrite
production observed. Certainly with non-mast cell contami-
nation reaching 3%?3°3! or even 15%,3** we believe reports
that peritoneal mast cells produce significant amounts of nitric
oxide should be re-evaluated. A more recent report has shown
that mouse bone marrow-derived mast cells generate nitric
oxide in response to IgE-dependent activation.>* This may
represent a difference in terms of mast cell phenotype or
method of activation (IFN-y versus IgE/Ag).

Nitric oxide is unique among intercellular messengers in
that it diffuses indiscriminately into neighbouring cells in which
it activates either physiological or toxic processes by chemical
interaction with nucleophilic groups, by virtue of its unpaired
outer electron.??2>2% The physiological processes mediated by
nitric oxide, for example neurotransmission and vascular
smooth muscle relaxation, are through interaction with the
haem group on guanylate cyclase resulting in elevation of
c¢GMP.?> On the other hand, the toxic processes mediated by
the radical are thought to be through its interactions with
other intracellular nucleophilic targets, for example by nitrosyl-
ation of thiol proteins or deamination of DNA.?*23:2
Furthermore, under conditions of high oxidative stress, when
superoxide may be generated alongside nitric oxide, these two
radicals interact to form the highly cytotoxic peroxynitrite.!”-18
In the present study we found that purified mast cell responses
were not influenced by the cell-permeable cGMP analogue
8-bromo-cGMP,'* and the guanylate cyclase inhibitor
ODQ*'>16 was ineffective at modifying mast cell degranulation,
even though it was biologically active in suppressing nitric
oxide effects in a vascular smooth muscle preparation. Further
experiments showed that the responsiveness of mast cells in
nitric oxide-producing peritoneal cell populations was not
affected by superoxide dismutase,'*?° that breaks down super-
oxide, or the peroxynitrite blocker uric acid.'”!® We conclude
that the suppression of mast cell responses is not dependent
on superoxide or peroxynitrite production and that nitric oxide
does not mediate its mast cell suppressive actions via cGMP.
Consistent with our conclusion that superoxide is not involved,
mouse macrophages stimulated with IFN-y plus lipopoly-
saccharide only generate free oxygen radicals in L-arginine-
depleted medium.!® Previous reports®*3* claimed that mast
cell cGMP was elevated by nitric oxide. However, the first®?
used peritoneal cells containing a high proportion of non-mast
cells and used non-mast cell-selective activating agents, and
neither study reported experiments with cell permeable cGMP
analogues or guanylate cyclase inhibitors. The nitric oxide
effect on mast cells appears to be non-toxic as evidenced by
the fact that the cells appeared morphologically normal after
extended culture in the presence of nitric oxide, they excluded
trypan blue dye, and actively incorporated tritiated serotonin
as efficiently as cells cultured in the absence of nitric oxide.

In conclusion, IFN-y and IL-4 reciprocally regulate mast
cell secretory responses and nitric oxide is the focal intermedi-
ate involved. Although the inhibitory effect of nitric oxide on
mast cells appears to be non-toxic, the radical does not appear
to act via cGMP. The nitric oxide may conjugate to nucleo-
philic groups on specific proteins or factors important to
secretion-coupling events that are activated subsequent to IgE
cross-linkage. The identity of these molecular targets remains
to be elucidated.
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