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ABSTRACT 15(S)-Hydroxy-(5Z,8Z,11Z,13E)-eicosatetra-
enoic acid (15-HETE) exerted a time- and concentration-
dependent inhibition of superoxide anion (O°) production and
exocytosis of both azurophil and specific granule constituents
from human polymorphonuclear neutrophils (PMN) stimu-
lated with the receptor-specific agonists, N-formylmethio-
nylleucylphenylalanine (FMLP), platelet-activating factor, and
leukotriene B4, but not that elicited by phorbol 12-myristate
13-acetate. 15-HETE did not alter the binding of FMLP to its
specific receptors on PMN but, rather, appeared to interfere
with a subsequent process in signal transduction. Receptor-
coupled production of inositol 1,4,5-trisphosphate (InsP3) and
increases in cytosolic free calcium elicited with FMLP, platelet-
activating factor, and leukotriene B4 were suppressed by
15-HETE. 15--HETE did not, however, inhibit the mobilization
of45Ca from intracellular stores elicited by the addition ofInsP3
to permeabilized PMN. 15-HETE suppressed 0- production
and increases in intracellular [Ca2+] induced when cell-surface
receptors were bypassed and the PMN were activated directly
by the guanine nucleotide-binding protein (G protein) activa-
tors aluminum fluoride (AIF ) and mastoparan. 15-HETE,
however, did not perturb allG protein functions because cAMP
production in FMLP-activated PMN was essentially unaffected
by 15-HETE. These data support the proposition that 15-
HETE modulates receptor-triggered activation of PMN either
by uncoupling G protein stimulation of phospholipase C or by
directly inhibiting phospholipase C, thus inhibiting the InsP3-
dependent rise in intracellular [Ca2+] that is prerequisite for
PMN responsiveness to receptor agonists.

Leukotrienes generated by the 5-lipoxygenation of arachi-
donic acid in various cell types are prominent mediators of
inflammatory and pulmonary disorders (1-3). In contrast, the
principal eicosanoid generated by lipoxygenase activity in
eosinophils (4, 5), lung (6), and fibroblasts (7) is the 15-
lipoxygenase product, 15(S)-hydroxy-(5Z,8Z,11Z,13E)-
eicosatetraenoic acid (15-HETE), which is also produced by
polymorphonuclear neutrophils (PMN) (8, 9), endothelial
cells (10), epithelial cells (11), macrophages (12), and placenta
(13). 15-HETE has been identified in the airways of asthmat-
ics (14) and may also play a role in the development of
arteriosclerotic plaques (15) and in the vascular complica-
tions associated with pregnancy-induced hypertension (13).
15-HETE has been reported to inhibit murine splenocyte
proliferation (16), interleukin 2-induced cell blastogenesis
(17), and mixed lymphocyte reactions (18), but 15-HETE
stimulates cytotoxic suppressor T-cell generation (19).
Although PMN play a major role in host defense, the

proteinases, reactive oxygen species, and eicosanoids re-
leased from activated PMN may themselves cause tissue
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injury associated with inflammatory disease (20). Because
15-HETE generated by PMN and other cells may modulate
PMN interactions, the purpose of this investigation was to
characterize the effects of 15-HETE on PMN stimulated with
pathophysiological agonists and to define the mechanism(s)
by which 15-HETE modulates receptor-coupled activation of
PMN.

MATERIALS AND METHODS
Reagents. N-Formylmethionylleucylphenylalanine

(FMLP) (Sigma), leukotriene B4 (LTB4) (Upjohn), and plate-
let-activating factor (PAF) were prepared in dimethyl sulfox-
ide, methanol, and 0.15 M NaCl containing bovine serum
albumin at 2.5 mg/ml, respectively. Cytochalasin B (CB;
Aldrich), phorbol 12-myristate 13-acetate (PMA) (LC Ser-
vices, Woburn, MA), 15-HETE (Upjohn), and fura-2 A/M
(Molecular Probes) were dissolved in ethanol, dimethylsulf-
oxide, methanol, and dimethyl sulfoxide, respectively. The
small amounts of dimethyl sulfoxide, ethanol, and methanol
(final concentration of 0.1%) used as vehicle did not alter cell
viability, degranulation, 02 production, fura-2 A/M fluores-
cence, or InsP3 production.

Preparation ofPMN and Measurement ofDegranulation and
°2 Production. Human PMN were purified by standard
techniques (21) (purity 2 98%, viability > 98%) and sus-
pended in modified PBS, pH 7.4/138 mM NaCl/8.1 mM
Na2HPO4/1.5 mM KH2PO4/2.7 mM KCl/1.0 mM CaCl2/1.0
mM MgCl2/0.1% glucose. After exposure to agonist, as
described in Results, PMN were centrifuged at 750 x g (4°C)
for 3 mnin, and the clear supematants were assayed for lactate
dehydrogenase, myeloperoxidase (MPO), and vitamin B12-
binding protein (B12-BP) activities (21). The net agonist-
induced discharge of granule constituents (MPO, B12-BP)
from PMN is expressed as percentage of total activity re-
leased by 0.2% Triton X-100. 0° production was measured
as superoxide dismutase-inhibitable reduction of ferricy-
tochrome c (22).
Measurement of Specific Binding of FMLP to PMN. PMN

(2.5 x 107 cells per ml of modified PBS) were treated for 3 min
at 37°C with either 15-HETE (20 AM) or vehicle (methanol),
and aliquots (0.7 ml) were transferred to 1.5-ml polypropylene
tubes that contained [3H]FMLP (0.5 nM, 76.6 Ci/mmol; 1 Ci
= 37 GBq) and unlabeled FMLP at various concentrations
(0.1-300 nM) in 2 ,ul of dimethyl sulfoxide. After either 15 min
at 37°C or 60 min at 0°C, aliquots (200 ,ul in triplicate) were
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factor; PMA, phorbol 12-myristate 13-acetate; InsP3, inositol 1,4,5-
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thio]triphosphate; PKC, protein kinase C; [Ca2+]i, intracellular Ca2+
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centrifuged (9000 x g for 90 sec at 4°C) through 200 /, of
silicone oil (GE SF-1250, R. H. Carlson Co., Greenwich,
CT), and bound [3H]FMLP in the cell pellets was measured
by scintillation spectrometry. Binding data were analyzed by
using a nonlinear least-squares program (damping Gauss-
Newton algorithm) (23).
Measurement of Intracellular Calcium Mobilization. The

mobilization of intracellular calcium in PMN, as reflected in
a rise in intracellular Ca2+ concentration ([Ca2+],), was
monitored in fura-2-loaded PMN, as described (24).
Measurement of InsP3 and cAMP Production in PMN. (i)

For whole cells, PMN (2 x 106-107 in 0.2 ml) were pretreated
for 3 min at 37°C with either 15-HETE (at various concen-
trations) or vehicle (methanol, 0.1% final concentration).
Cytochalasin B (5 ,ug/ml) and FMLP (100 nM) were then
added, followed at various intervals by 0.07 ml of ice-cold
trichloroacetic acid (20%). InsP3 in trichloroacetic acid ex-
tracts was quantitated by using a competitive radiobinding
assay (21), and cAMP was measured by using an RIA (25). (ii)
For streptolysin-O-permeabilized cells, PMN (107) in 0.35 ml
of permeabilization buffer (137 mM NaCl/2.7 mM KCl/20
mM Pipes buffer, pH 6.8/5.6 mM glucose/2 mM MgCl2/
bovine serum albumin at 1 mg/ml) were preincubated for 2
min at 37°C with either 15-HETE or vehicle (methanol,
0.2%). Streptolysin-O (12.5 units) in 0.1 ml of permeabiliza-
tion buffer supplemented with 10 mM EGTA was added, and
incubation at 37°C was continued for a further 10 min.
Guanosine 5'-[-thio]triphosphate (GTP[yS]; 100 ,uM) was
then added in 0.05 ml of permeabilization buffer/4.67 mM
CaCl2/100 mM LiCI/10 mM MgATP/10 mM sodium 2,3-
diphosphoglycerate. After 1 min, incubations were quenched
with 0.072 ml of ice-cold 40% trichloroacetic acid, and InsP3
in trichloroacetic acid extracts was quantitated (21).
Measurement of GTPase Activity in PMN Membranes.

PMN (5 x 108 in 50 ml of modified PBS) were treated for 5
min at room temperature with either 15-HETE (20 ,uM) or
vehicle (methanol, 0.5%) and lysed; membranes were then
isolated, as described (21). FMLP-stimulated GTPase activ-
ity in membranes was assayed as described (21), except that
before FMLP (500 nM) addition, some membranes were
preincubated for 5 min at room temperature with 15-HETE
(at various concentrations), or vehicle [GTPase assay buffer
supplemented with fatty acid-free bovine serum albumin (2.5
mg/ml)].

Protein Kinase C (PKC) Activity and Redistribution in
PMN. PKC activity in the PMN subcellular fractions was
quantitated by measuring phosphorylation of histone IIIS
using [32P]ATP as described (24). Subcellular redistribution
of PKC in stimulated PMN was determined (21).
Measurement of '"Ca Efflux from Permeabilized PMN.

PMN [25 x 106 cells per ml of KClIHepes buffer (100 mM
KCI/20 mM NaCl/30 mM Hepes), pH 7.0, containing 1 mM
EGTA, 1 mM dithiothreitol, and protease inhibitors at 1
/4/ml, aprotinin at 10 mg/ml, leupeptin at 10 mg/ml, soybean
trypsin inhibitor at 25 mg/ml] were prewarmed for 5 min and
then incubated (no shaking) with streptolysin-O (GIBCO, 10
units/ml) at 37°C for 10 min. Permeabilized PMN were
washed twice in KClHepes buffer/l mM EGTA, resus-
pended at 100 x 106 cells per ml in KClIHepes buffer/0.1 mM
EGTA, added to an equal volume of KClIHepes buffer/4 mM
MgATP/2 mM MgCl2/400 nM antimycin A/oligomycin at 4
pg/ml/30 AM 45Ca, and placed in a shaking incubator for 20
min at 37°C. Cells loaded with 45Ca (150 ,l4) were incubated
with 75 ,l of vehicle (KClIHepes buffer/l mM EGTA/6 mM
vanadate) or InsP3 (with or without 15-HETE) for 1 min. A
portion (150 ,u) of the reaction mixture was then layered on
150 ,l of silicone oil (GE SF-1250), which was layered on a
30-/4 cushion of 12% sucrose and centrifuged (9000 x g for
90 sec at room temperature). 45Ca retained in the cell pellet
was expressed as a percentage of that present initially.

Data Analysis. Data were analyzed with one-way ANOVA
and Student's t test.

RESULTS
Receptor Agonist-Stimulated Granule Exocytosis from 15-

HETE-Treated PMN. 15-HETE exerted a concentration-
dependent (0.3-20 ,uM) inhibition of FMLP-, LTB4-, and
PAF-induced discharge of azurophil (MPO) and specific
granule (B12-BP) constituents from CB-treated PMN (Fig. 1).
IC50 values were 3 ,uM (FMLP), 7 AM (LTB4), and 10 ,uM
(PAF) for MPO discharge; and 7 ,M (FMLP), 20 ,uM (LTB4),
and >20 ,uM (PAF) for B12-BP discharge. Maximal suppres-
sion ofPMN degranulation with 15-HETE (20 ,uM) was 97%
(FMLP), 62% (LTB4), and 58% (PAF) for MPO release (P <
0.01); and 68% (FMLP), 52% (LTB4), and 38% (PAF) for
B12-BP release (P < 0.01). However, PMA-stimulated de-
granulation was unaffected by 15-HETE (Fig. 1).

Influence of 15-HETE on the PMN Oxidative Burst. FMLP,
LTB4, and PAF each triggered O2 production in PMN that
was suppressed by 15-HETE (0.1-20 I.M) (Fig. 2). IC50
values were 0.5 ,uM (PAF), 3 ,uM (FMLP), and 10 ,uM
(LTB4). As observed with granule exocytosis, 15-HETE
exerted no effect on the PMN oxidative burst elicited with
PMA. 15-HETE did not suppress 0° production by a cell-
free xanthine/xanthine oxidase O-generating system (data
not shown), indicating that 15-HETE was not functioning as
a free radical scavenger but most likely was inhibiting a more
proximal event in PMN activation.
The release of cytoplasmic lactate dehydrogenase from

15-HETE-treated PMN was insignificant (<5% of total cell
activity). The inhibitory action of 15-HETE, therefore, is
probably not a nonspecific consequence of cell toxicity.

Effect of 15-HETE on Specific Binding of [3H]FMLP to
PMN. PMN were pretreated with either 15-HETE (20 ,M) or
vehicle (methanol) for 3 min at 37°C before measuring equi-
librium binding of FMLP at 0°C and at 37°C. At 0WC, binding
ofFMLP to PMN was not significantly affected by 15-HETE.
B. values were 40,400 ± 5200 sites per cell and 43,400 ±
3300 sites per cell in the absence and presence of 15-HETE,
respectively. Kd values were 27 ± 9 nM and 25 ± 5 nM
without and with 15-HETE, respectively. At 37°C, measure-
ment of FMLP binding was complicated by sequestration/
internalization ofFMLP receptors, but there was no apparent

c
I0

PB

o-

0

x
a)
a)75
Cu

o 75 B12-BP,°1 FMLP°60 -

MLP "
45 - .B4

o PAF

30[4 15 o PA

PMAA PMAA
,b& i 0.' I ,

10 20 0.3 1 3 10 20
15-HETE, AM

FIG. 1. Suppression by 15-HETE of PMN degranulation elicited
with various agonists. PMN (5 x 106) were preincubated with or
without 15-HETE for 3 min at 37°C. CB (5 Ag/ml) and FMLP, PAF,
or LTB4 at 10 nM were then added for 2 min. PMN were also
incubated with CB and 10 nM (B12-BP release) or 100 nM (MPO
release) PMA for 2 min. FMLP, LTB4, PAF, and PMA triggered the
release of 7.7 ± 0.4, 10.4 ± 0.2, 11.9 ± 1.6, and 5.8 ± 0.7% of
total-cell MPO activity, respectively; and 9.9 ± 1.4, 13.1 ± 2.0, 16.5
± 1.7, and 18.5 ± 1.7% of total-cell B12-BP activity, respectively.
Total cell activities were 1.1 ± .03 AA4ws (MPO) and 2049.6 ± 348 ng
of B12-BP per 5 x 106 cells (B12-BP). Data are the means of three
separate experiments done in duplicate (SEMs s 10% of the mean).
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FIG. 2. Inhibition by 15-HETE of superoxide anion production in
activated PMN. Cells (5 x 106) were preincubated with or without
15-HETE for 3 min followed by a 5-min exposure to CB and FMLP
(10 nM), PAF (100 nM), LTB4 (500 nM), or PMA (3 nM) at 37°C. O2
generated spontaneously and in response to agonists was 0.1 + 0.03
(spontaneous), 9.4 ± 1.7 (FMLP), 5.9 ± 0.7 (LTB4), 16.9 + 3.1
(PAF), and 11.6 ± 1.7 (PMA) nmol offerricytochrome c reduced per
3 min per 5 x 106 cells. Data are the means offour experiments done
in duplicate (SEMs 5 10%6 of the mean).

reduction in the affinity of binding sites for FMLP on PMN
exposed to 15-HETE (20 ,uM).
15-HETE Modulates InsP3 Production in Activated PMN.

FMLP (100 nM) stimulated a transient accumulation of InsP3
in PMN (Fig. 3) that was maximal after S sec (305% above that
in unstimulated cells). 15-HETE suppressed this InsP3 pro-
duction (ICso = 10 gM). Maximal suppression (65%, P <
0.001) was seen with 30 ,uM 15-HETE (Fig. 3). 15-HETE did
not affect basal InsP3 in unstimulated PMN.

Agonist-Induced Changes in [Ca2+]J in PMN Exposed to
15-HETE. FMLP, LTB4, and PAF increased [Ca2+], in
fura-2-loaded PMN (Fig. 4). 15-HETE caused a concentra-
tion-dependent inhibition of intracellular calcium mobiliza-
tion induced by FMLP, PAF, and LTB4 with IC50 values for
15-HETE of =20, 5, and 3 ,uM, respectively. 15-HETE (20
,uM) alone, however, did not alter [Ca2+]i in PMN (Fig. 4).
InsP3-Induced 4SCa Efflux from Permeabilized PMN

Treated with 15-HETE. Streptolysin 0-permeabilized PMN,
which were preloaded with 45Ca, retained 92.8 ± 0.7% of the
total-cell-associated 45Ca during a subsequent 30-min incu-
bation period but only 50.7 ± 4.6% (Q ± SEM, n = 3) when
InsP3 (30 ,M) was present. 15-HETE (1-20 ,uM) affected
neither InsP3-triggered 45Ca efflux from PMN nor passive
45Ca efflux from unstimulated cells. Furthermore, 15-HETE
was also inactive if preincubated with permeabilized PMN
before InsP3 addition. The calcium ionophore ionomycin,
was used as a positive control and triggered the efflux of 62.4
± 7.9% of total-cell-associated 45Ca in PMN, which was
unaltered in the presence of 15-HETE (20 ,uM).
GTP[yS]-Stimulated InsP3 Production in Permeabilized

PMN Treated with 15-HETE. Exposure of streptolysin 0-per-
meabilized PMN to GTP[,yS] (100 ,.M) resulted in an accu-
mulation of InsP3 to 160%o above that in unstimulated cells
{GTP[yS] (100 ,uM), 52.3 ± 3.5 vs. control, 21.6 ± 5.2 pmol
per 107 cells, ±± SEM, n = 3}. 15-HETE (1-30 ,uM) did not
affect GTP[-yS]-induced InsP3 production in PMN (50.4 ± 0.5
pmol per 107 cells with 30 ,uM 15-HETE). Similarly, basal
InsP3 in unstimulated permeabilized PMN was unaffected by
15-HETE [control, 19.6 + 1.1 vs. 15-HETE (30 ,uM), 21.6 +
5.2 pmol per 107 cells].
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FIG. 3. Suppression by 15-HETE of agonist-triggered InsP3 (I03)
production in PMN. Cells (107) were preincubated with or without
15-HETE for 1 min followed by a 5-sec incubation with CB and
FMLP (100 nM) at 37°C. Data are the means ± SEMs offour separate
experiments done in triplicate.

Influence of 15-HIETE on Mastoparan-Stimulated Intracel-
lular Calcium Mobilization in PMN. In the presence of
extracellular calcium (1.2 mM) mastoparan induced a rapid
rise in [Ca2+], in PMN that was suppressed 34% by 15-HETE
at 30 ,uM (P < 0.05) but was unaffected by 10 ,uM 15-HETE
(Fig. 5). In the absence of extracellular calcium, mastoparan
triggered a smaller, rapid rise in [Ca2+]i that was suppressed
by 15-HETE at 10 ,uM and 30 AM by 48% (P < 0.01) and 67%
(P < 0.01), respectively (Fig. 5).

Influence of 15-HETE on the AlF4-Triggered Oxidative
Burst in PMN. A1F- stimulated a concentration-dependent
production of 02, wherein 0.8 ± 0.2, 3.5 ± 0.6, 10.2 ± 2.3,
and 14.0 ± 2.6 nmol of 0° per 5 x 106 cells (x ± SEM, n =
5) were generated with 10, 13, 15, and 20 mM A1FZ, respec-
tively. 15-HETE inhibited (IC50 = 15 ,uM) 0° production in
AlF- (20 mM)-activated PMN; 76% inhibition occurred at 30
AM 15-HETE (P < 0.01).

Effect of 15-HETE on Basal and FMLP-Stimulated GTPase
Activity ofPMN Membranes. FMLP (100 nM) significantly (P
< 0.05) stimulated (108% above basal) GTPase activity of
PMN membranes. 15-HETE (30 ,uM) caused a small, but
significant (P < 0.05), inhibition of basal (16%) and FMLP-
induced GTPase activity (14%) in a membrane fraction from
15-HETE-pretreated PMN (Fig. 6A). However, when mem-
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FIG. 4. Receptor agonist-induced changes in [Ca2+]1i in PMN
exposed to 15-HETE. PMN (7.5 x 106 in 3 ml) were preincubated
with or without 15-HETE for 3 min before addition (at arrows) of
various agonists (10 nM final). Resting [Ca2+]i was 31 ± 3 nM. Data
are typical from five experiments.
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FIG. 5. Influence of 15-HETE on the mastoparan-triggered rise in
[Ca2+]1 in PMN. Cells (5 x 106 in 2 ml) were preincubated with or
without 15-HETE for 3 min with extracellular calcium (1.2 mM) or
without (calcium-free Hepes buffer plus 2 mM EGTA) before addi-
tion of 30 ,uM mastoparan at the arrows. Resting [Ca2+]i was 65 + 3
nM and 20 ± 1 nM with and without extracellular calcium, respec-
tively. Data are typical from four experiments.

branes prepared from unstimulated PMN were exposed to
15-HETE (1-30 ,uM), basal GTPase activity was slightly
enhanced, and FMLP-stimulated GTPase activity was unaf-
fected by 15-HETE (Fig. 6B).

Receptor Agonist-Elicited Redistribution of PKC in 15-
HETE-Treated PMN. FMLP significantly increased (149%
above control, P < 0.01) the PKC activity associated with the
extractable particulate (membrane) fraction ofPMN (Fig. 7).
15-HETE caused a concentration-dependent inhibition of
this FMLP-triggered redistribution of PKC to the PMN
membrane fraction with maximal suppression (89%, P <
0.01) at 20 ,uM. Although 15-HETE suppressed receptor
agonist-induced PKC redistribution to a PMN membrane
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FIG. 6. Effect of 15-HETE on basal and FMLP-stimulated GTP-
ase activity of PMN membranes. (A) PMN (5 x 108) were preincu-
bated for 5 min with or without 15-HETE (30 ,uM). Membranes were
prepared from these PMN (21) and incubated with FMLP (500 nM)
for 10 min at 37°C. (B) PMN membranes were prepared from
untreated PMN and then incubated with or without 15-HETE for 5

min, followed by a 10-min incubation with or without FMLP (500
nM). GTPase activities shown are means SEMs of three separate
experiments done in triplicate.
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FIG. 7. Influence of 15-HETE on the FMLP-induced association
of PKC with a membrane fraction of PMN. Cells (4 x 107) were
preincubated with CB for 2 min followed by a 3-min incubation either
with or without 15-HETE. PMN were then incubated with or without
FMLP (100 nM) for 1 min at 37°C. Data are the means ± SEMs of
four separate experiments done in duplicate. *, P < 0.05 and **, P
< 0.01 vs. FMLP alone.

fraction, it had no direct effect on PKC activity [control,
148.8 ± 31.8 vs. 15-HETE (20 ,uM), 160.7 ± 18.9 pmol of
32pO4 per min per mg of protein] under conditions where
PMA stimulated PKC activity (183% above control), and
staurosporine (30 nM) suppressed PKC activity by 63%.
cAMP Production in PMN Exposed to 15-HETE. FMLP

(100 nM) stimulated a rapid increase in cAMP in PMN with
peak concentrations seen after 20 sec (control, 0.34 ± 0.03 vs.
FMLP, 1.26 ± 0.22 pmol per 106, x + SEM, n = 4). Basal
cAMP in PMN (before FMLP addition) was unaffected by
15-HETE (30 AM), and the 20-sec peak of FMLP-induced
cAMP production in 15-HETE-pretreated cells (1.3 ± 0.22
pmol per 106 cells) was not significantly different from that in
cells pretreated with vehicle. Only 300 sec after FMLP
addition was there a small but significant (P = 0.02) increase
in FMLP-induced cAMP [FMLP, 0.67 + 0.03 vs. FMLP plus
15-HETE (30 ,.M), 0.85 ± 0.05 pmol per 106 cells, x + SEM,
n = 4].

DISCUSSION
We found that 15-HETE inhibited PMN degranulation and
°2 production elicited by structurally diverse receptor-
specific agonists (FMLP, PAF, LTB4), but not PMA. It
seemed unlikely that 15-HETE was interfering directly with
the specific binding of each of these agonists with their
respective cell-surface receptors, but an indirect effect on
receptor binding (e.g., by interaction with a common coupled
G protein) could not be precluded. However, 15-HETE had
a negligible effect on specific binding of [3H]FMLP to intact
PMN; this result suggested that the inhibition by 15-HETE of
PMN activation was at a postreceptor level. A well-defined
component of PMN activation by receptor agonists is a G
protein-dependent activation ofa phospholipase C (PLC) that
generates InsP3 and 1,2-diacylglycerol. 15-HETE was found
to inhibit InsP3 production in PMN stimulated with receptor
agonists, but not basal InsP3. This inhibition by 15-HETE of
receptor-coupled InsP3 production was itself sufficient to
suppress the InsP3-triggered rise in [Ca2+], in PMN activated
by FMLP, PAF, or LTB4. 15-HETE did not affect InsP3-
stimulated efflux of 45Ca from permeabilized PMN, suggest-

Pharmacology: Smith et al.
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ing that its site of action was entirely proximal to InsP3
production.

Receptor-independent InsP3 production in permeabilized
PMN stimulated with GTP[yS] was little affected by 15-
HETE. Because 15-HETE-sensitive components of PMN
activation could possibly be rendered unresponsive in per-
meabilized cells, we used the cell-penetrating G protein
activator mastoparan (30) to investigate further the possibil-
ity that 15-HETE interferes with G protein-PLC coupling.
Mastoparan triggers a pertussis toxin-sensitive InsP3 produc-
tion (31), a rise in [Ca2+]i (31), as well as degranulation and
O2 production in PMN (32). We found that mastoparan
induced a rapid rise in [Ca2+], that was inhibited by 15-HETE
at concentrations at which InsP3 production, intracellular
calcium mobilization, and functional responsiveness were
also suppressed. Interestingly, 15-HETE was more potent in
suppressing the increase in [Ca2+], in mastoparan-activated
PMN when calcium was absent from the extracellular me-
dium. It has been proposed that mastoparan also elicits InsP3-
independent changes in [Ca2+]i, either by functioning as an
ionophore itself (33) or by triggering the opening of calcium
channels in the plasma membrane (31, 34). This InsP3-
independent action of mastoparan is relatively insensitive to
15-HETE.
15-HETE also suppressed the PMN oxidative burst elicited

with another G protein activator AIFZ (35). In contrast to
mastoparan, however, the AlFZ-induced rise in [Ca2+]i is
quite slow (36), and PMN responsiveness to AIF- is pertussis
toxin-insensitive (37). This result suggests that 15-HETE may
interfere with more than one G protein. 15-HETE exerted a
small, but statistically significant, inhibitory effect on basal
and FMLP-stimulated GTPase activity of PMN membranes.
It should be noted, however, that not all G protein functions
are perturbed by 15-HETE in stimulated PMN. For instance,
15-HETE essentially did not alter FMLP-stimulated G pro-
tein-dependent cAMP production in PMN. This finding sug-
gests that cAMP is not involved in the mechanism of 15-
HETE action.

Pathophysiological agonists such as FMLP (21, 40) and
interleukin 8 (41) stimulate the redistribution of PKC to a
plasma membrane compartment. 15-HETE inhibited FMLP-
induced redistribution of PKC most likely because it sup-
pressed receptor-coupled diacylglycerol production (42). In
addition, in some cells 15-HETE is preferentially incorpo-
rated into phosphatidylinositol, which yields altered species
of diacylglycerol when the cells are hormonally stimulated
(39). This may result in inhibition ofPKC redistribution, PKC
activity, and ultimately PMN responsiveness. However, this
effect of 15-HETE mediated via incorporation of 15-HETE
into phospholipids is slower than the rapid responses to
15-HETE reported here. Lipoxin A4 is also generated in
response to FMLP by PMN that have incorporated 15-HETE
(29, 38), and lipoxin A4 suppresses InsP3 production (28).
Complicating the interpretation of the latter observation,
however, are the findings that lipoxin A4 itself triggers a rise
in [Ca2+]i in PMN (27) and lipoxins A4 and B4 do not suppress
PMN activation by various agonists (26). Lipoxins, there-
fore, are unlikely to be critically involved in the mechanism
by which 15-HETE inhibits PMN activation.
PLC-dependent processes are critical to receptor-triggered

PMN activation. Our data show that 15-HETE inhibits InsP3
production, intracellular calcium mobilization, and PKC re-
distribution as well as granule exocytosis and the oxidative
burst in PMN stimulated by receptor agonists. These obser-
vations, together with the suggestion that 15-HETE regulates
receptor-coupled signal transduction at either the level of the
PLC or its regulation by G proteins, provide insight into the
mechanism of action of this eicosanoid as an autocrine or
paracrine modulator of PMN responsiveness. It follows,
therefore, that agents that modulate 15-HETE production

have the potential to interfere with PMN involvement in
inflammatory diseases.
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