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Activation of the human neutrophil 5-lipoxygenase by
exogenous arachidonic acid: involvement of pertussis
toxin-sensitive guanine nucleotide-binding proteins
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1 The mechanism by which incubation of human peripheral blood neutrophils with exogenous
arachidonic acid leads to 5-lipoxygenase product synthesis was investigated.
2 Incubation of neutrophils with arachidonic acid caused a concentration- and time-dependent
synthesis of leukotriene B4, its I-oxidation products, and 5-hydroxyeicosatetraenoic acid.
3 The threshold concentration of arachidonic acid required for this effect was equal to, or greater
than 3.3.uM and the synthesis increased with up to 33 yM arachidonic acid, the highest concentration
used. Synthesis induced by arachidonic acid increased with time for up to 15min and the major
products detected were the Q-oxidation products of leukotriene B4.
4 Pre-incubation of neutrophils with pertussis toxin inhibited the synthesis of 5-lipoxygenase pro-
ducts induced by arachidonic acid by 75% or more, but had no effect on either arachidonic acid-
induced synthesis of the 15-lipoxygenase product, 15-hydroxyeicosatetraenoic acid, or activation of
the 5-lipoxygenase induced by the calcium ionophore A23187.
5 Pre-incubation of neutrophils with granulocyte-macrophage colony-stimulating factor lead to
enhanced leukotriene synthesis in response to arachidonic acid.
6 These results imply that exogenous arachidonic acid is not only used as a substrate, but also
activates the 5-lipoxygenase. Possible mechanisms of action are discussed.

Introduction

By virtue of their potent effects on cells of the
immune system, the 5-lipoxygenase metabolites of
arachidonic acid are believed to play important roles
in inflammation and allergy (Sirois & Borgeat, 1984;
Lewis & Austen, 1984). In particular, leukotriene B4
is a stereospecific activator of neutrophil chemotaxis
(Ford-Hutchinson et al., 1980; Malmsten et al.,
1980), calcium mobilization (Naccache et al., 1981;
White et al., 1983), aggregation (Ford-Hutchinson et
al., 1980) and degranulation (Hafstrom et al., 1981).
The actions of leukotriene B4 are receptor-dependent
(Goldman & Goetzl, 1984) and are blocked by the
guanine nucleotide-binding protein (G-protein)
inhibitor, pertussis toxin (Becker et al., 1985).
For 5-lipoxygenase product generation to occur,

both release of endogenous arachidonic acid and
activation of the 5-lipoxygenase are required. These

1 Author for correspondence.

two events are calcium-dependent (Feinstein &
Sha'afi, 1983; Borgeat et al., 1983; Samuelsson et al.,
1987). Furthermore, it has recently been demon-
strated that activation of the 5-lipoxygenase may
require its calcium-dependent translocation to the
cell membrane (Rouzer & Samuelsson, 1987; Rouzer
& Kargman, 1988). Therefore, although the require-
ment of calcium for release of endogenous substrate
may be overcome by supplying exogenous substrate,
it is likely that intracellular calcium mobilization is
still necessary for significant activation of the 5-
lipoxygenase.

Recently, there has been considerable focus on the
action of arachidonic acid on neutrophils. At high
concentrations (50-100MM), arachidonic acid stimu-
lates translocation of protein kinase C (McPhail et
al., 1984; Cox et al., 1987). At lower concentrations
(0.1-50 pM), incubation of neutrophils with arachi-
donic acid results in mobilization of intracellular
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calcium (Smith et al., 1987; Sha'afi et al., 1980),
aggregation (O'Flaherty et al., 1979), production of
superoxide (Maridonneau-Parini & Tauber, 1986;
Badwey et al., 1987; Clark et al., 1987), and degranu-
lation (Smith et al., 1987; O'Flaherty et.al., 1979).
Although the exogenous concentrations of arachi-
donic acid required to activate these cells are con-
siderably higher than those for other compounds
such as Paf, fMet-Leu-Phe and leukotriene B4, they
may be achieved in inflamed tissue (Hammarstrom
et al., 1975; Greaves, 1986).

In light of these previous reports which have char-
acterized arachidonic acid as a neutrophil stimulus,
we investigated and characterized the effect of exoge-
nous arachidonic acid on the 5-lipoxygenase. The
results indicate that the interaction of exogenous
arachidonic acid with the human neutrophil 5-
lipoxygenase system involves not only the presen-
tation of substrate, but also activation of the
5-lipoxygenase enzyme that is mediated, at least in
part, via pertussis toxin-sensitive G-proteins.

Methods

of distilled water, and stored at -20'C until
analysed by r.p.-h.p.l.c.

In the experiments involving pertussis toxin, the
cell suspensions were pre-incubated with the toxin at
a final concentration of 0.25 pgml1 for 2 h at 370C.
During this period of time, the cells were gently
swirled in a rotary water bath (New Brunswick
Scientific, Edison, New Jersey, U.S.A.). After 2 h, the
cells were incubated under the desired conditions,
inactivated and stored as described above prior to
r.p.-h.p.J.c. analysis.
To examine the effect of granulocyte-macrophage

colony-stimulating factor (GM-CSF) on 5-
lipoxygenase product synthesis in response to ara-
chidonic acid, neutrophils were pre-incubated with
200pM GM-CSF at room temperature for 1 h. We
have previously shown that these incubation condi-
tions are optimal for maximal enhancement of leu-
kotriene synthesis in response to Paf, fMet-Leu-Phe
and A23187 (DiPersio et al., 1988). The cells were
then warmed to 37°C for 5min before stimulation
with arachidonic acid.

Reverse phase-h.p.l.c. analysis oflipoxygenase
products

Cell separation

Whole blood was obtained by venepuncture, and fol-
lowing dextran sedimentation of erythrocytes, neu-

trophils were purified by centrifugation on

Ficoll-Paque cushions (Boyum, 1968). The erythro-
cytes remaining in the final pellet were removed by
hypotonic lysis with water (20 s), and the cells were

resuspended at a final concentration of
I07cells ml-'. The entire cell separation was carried
out at room temperature. The percentage of neu-

trophils in the cell suspensions used in this study
exceeded 97%, and cell viability as determined by
trypan blue exclusion was greater than 98%.

Cell incubations

The cell suspensions were warmed to 37°C for 5 min
before incubation with arachidonic acid. Arachi-
donic acid, A23187 and 15-HPETE were dissolved in
dimethylsulphoxide (DMSO) at a 1000 fold higher
concentration than was finally required. The final
concentration of DMSO present (maximum of 0.2%)
did not stimulate detectable leukotriene synthesis.
After the desired incubation time with the stimuli,
the cells were inactivated by the addition of 500pI of
an ice-cold mixture of methanol/acetonitrile (50/50,
v/v), containing internal standards (25 ng ml-' of
prostaglandin B2 and 19-OH prostaglandin B2). The
samples were then diluted by the addition of 500y1

Analysis of lipoxygenase products was carried out by
r.p.-h.p.l.c. as described previously, using an on-line
extraction procedure (Borgeat & Picard, 1988).
Briefly, the denatured cell suspensions were centri-
fuged at 600g for 10 min to remove precipitated
material, and the supernatants were injected directly
onto a Nova-Pak C18 (5 x 100mm, 4pm particles,
Waters Millipore) protected with a Guard-Pak
(pBondaPak C18) cartridge (Waters Millipore). The
various lipoxygenase products were eluted at
1.5 ml min'1 with gradients of organic solvents.
Elution was monitored with fixed wavelength u.v.
photometers at 229 and 280nm. The compounds
were identified by comparison of their retention
times with those of authentic standards and by the
ratio of their u.v. absorbances at 229 and 280nm.
5,15 diHETE was measured at 229nm under the
same assay conditions as described above. Quanti-
tation was performed by comparing peak heights of
calibrated standards and corresponding compounds
in samples after correction for recovery using the
internal standard PGB2. The lower level of detection
was 0.5-1 ng.

Chemicals

Calcium ionophore A23187 and 5, 8, 11, 14 (all-cis)
eicosatetraenoic acid (arachidonic acid) were
obtained from the Sigma Chemical Company (St.
Louis, Missouri, U.S.A.). Hank's Balanced Salt Solu-
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Figure 1 Reverse-phase h.p.l.c. chromatograms of lipoxygenase products from human neutrophils. Neutrophils
from healthy human donors were prepared as described (see Methods), resuspended at a final concentration of
iO'cellsml-1, and incubated at 370C for 15min under the following conditions: (a) addition of 33pM arachidonic
acid, or (b) addition of 1.OJAM calcium ionophore A23187. After 15min, the reactions were stopped by the addition
of 500pl of an ice-cold mixture of methanol/acetonitrile containing 12.5ng of the internal standards (PGB2 and
19-OH-PGB2), and diluted to approximately 2ml with 500.ul of distilled water. After centrifugation, the entire
supernatant was injected. The amounts of PGB2 and 19-OH-PGB2 present in each chromatogram are therefore
12.5ng. Elution, detection and quantitation were achieved as described (see Methods). Attenuation settings were
0.02 and 0.05 a.u.f.s. for 280nm and 229 nm respectively. These results are from one experiment that is representa-
tive of at least ten others.

tion (HBSS) was from GIBCO (Burlington, Ontario,
Canada), Ficoll-Paque was purchased from Phar-
macia (Dorval, Quebec, Canada) and all solvents
were h.p.l.c. grade from Anachemia (Montreal,
Canada). Granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) was a generous gift from the
Genetics Institute (Cambridge, Massachussetts,
U.S.A.), fura-2 was purchased from Molecular
Probes Inc. (Eugene, Oregon, U.S.A.). 15S-
hydroperoxy-eicosatetraenoic acid (15-HPETE) was
synthesized from soy-bean lipoxygenase as pre-
viously described (Gardner, 1975), using arachidonic
acid as substrate. The fatty acids (arachidonic acid
and 15-HPETE) were purified either by silicic acid
chromatography or reverse-phase high performance
liquid chromatography (r.p.-h.p.l.c.) prior to use. Per-
tussis toxin was purchased from List Biological Labs
Incorporated (Campbell, California, U.S.A.).

Results

Reverse phase-h.p.l.c. lipoxygenase productsfrom
arachidonic acid-stimulated human neutrophils

When human peripheral blood neutrophils were
exposed to arachidonic acid they produced leuko-
triene B4, its a-oxidation products (20-OH and 20-
COOH-leukotriene B4) and 5-HETE. Occasionally,
we also observed synthesis of the non-enzymatically
derived all-trans isomers of leukotriene B4.
However, this was not a consistent response during
the course of this study. Figure la shows the charac-
teristic arachidonic acid metabolite profile when the
cell suspensions were exposed to 33phM arachidonic
acid for 15min. Under these conditions, the major
product was leukotriene B4 (taking into account the
combined synthesis of leukotriene B4 and its 0-
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oxidation products). Production of the 15-
lipoxygenase metabolite, 15-HETE was also
observed under these conditions as was 12-HETE,
which was derived from contaminating platelets. The
5-lipoxygenase product synthesis induced by arachi-
donic acid was not as powerful as that observed with
the calcium ionophore A23187 (Figure lb), where
larger quantities of leukotriene B4 and its metabo-
lites as well as 5-HETE were detected (no 15-HETE
was observed when A23187 was used as a stimulus).
In addition to these compounds, A23187 also
induced the production of the non-enzymatically-
derived diHETEs.

Concentration-dependence of the effect ofarachidonic
acid on 5-lipoxygenase product synthesis

To characterize further the effect of exogenous ara-
chidonic acid on 5-lipoxygenase product synthesis,
neutrophils were incubated with increasing concen-
trations of the fatty acid for 15 min (Figure 2). A
concentration-dependence was observed, with
maximal formation of 5-lipoxygenase products at the
highest dose of arachidonic acid used (33 pM). The
threshold in all experiments was between 3.3 gm and
1OMm, depending on the donor. The major products
were 20-OH- and 20-COOH-leukotriene B4. The
synthesis of the 15-lipoxygenase product, 15-HETE,
also increased with increasing concentrations of ara-
chidonic acid. Maximal stimulation of leukotriene
synthesis by arachidonic acid was observed after an
incubation time of 15min. At this time point, the
product profile was characterized by a marked
increase in the levels of 20-OH and 20-COOH-leu-
kotriene B4 while levels of 5-HETE, 15-HETE and,
leukotriene B4 had plateaued (data not shown).
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Figure 2 Concentration-dependence of the transform-
ation of arachidonic acid by human neutrophils into 5-
lipoxygenase products. Neutrophils (10 cellsperml)
were stimulated at 370C for 15 min with increasing con-
centrations of arachidonic acid. The reactions were then
stopped and the resultant 5-lipoxygenase product syn-
thesis was determined by r.p.-h.p.l.c. as described (see
Methods): (-) leukotriene B4; (U) 5-HETE; (0) 15-
HETE; (El) 1(20-OH- and 20-COOH-leukotriene B4).
The values are expressed as the mean of triplicate deter-
minations from a single experiment which is representa;
tive of five others. Standard deviations of the mean were
less than 5% of the mean.

Effect ofpre-incubation ofneutrophils with pertussis
toxin on the 5-lipoxygenase product synthesis induced
by arachidonic acid

To examine the hypothesis that arachidonic acid not
only acts as a substrate but also stimulates 5-
lipoxygenase product synthesis via a pertussis toxin-
sensitive G-protein, neutrophils were preincubated
with 0.25Mgml-' of pertussis toxin for 2h at 370C
before stimulation. These incubation conditions with
pertussis toxin have been previously shown to cause
significant inhibition of G-protein function in other
systems (Becker et al., 1985; Bradford & Rubin,
1985). These experimental conditions were chosen in
order to maximize cell viability and experimental
reproducibility. Pre-incubation of neutrophils with
pertussis toxi~n prior to stimulation with arachidonic
acid significantly inhibited 5-lipoxygenase product
synthesis (Figure 3). The inhibitory effect of the toxin
was observed even at the highest dose of arachidonic
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Figure 3 Effect of pre-treatment of human neutrophils
with pertussis toxin (PT) on the 5-lipoxygenase product
synthesis induced by arachidonic acid (AA). Neutro-
phils were pre-incubated for 2h at 370C with either
0.25upgml1' PT or an equivalent volume of diluent
control, prior to stimulation for 15min with one of 3
different concentrations of arachidonic acid. The results
are expressed as described in the legend for Figure 2.
ND = not detectable. Open column with PT; stippled
column without PT.
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acid used (33 pM), where production of leukotriene
B4 and its all-trans isomers was not detected in the
cells pre-treated with pertussis toxin. Furthermore,
levels of 0-oxidation products of leukotriene B4 and
5-HETE were reduced to less than 30% of control.
The same trend was observed when 10pM arachi-
donic acid was used as a stimulus, and pre-treatment
of the cells with pertussis toxin completely inhibited
the response to 3.3 yM arachidonic acid.

In support of a specific effect of pertussis toxin on
5-lipoxygenase product synthesis, pre-incubation of
neutrophils with pertussis toxin had no effect on the
arachidonic acid-induced synthesis of the 15-
lipoxygenase product 15-HETE while the synthesis
of 5-lipoxygenase products was inhibited by more
than 60% under the same conditions (data not
shown).

Effect ofpre-incubation ofhuman neutrophils with
pertussis toxin on the transformation of15-HPETE
into 5,15 diHETE induced by A23187 or arachidonic
acid

In order to determine whether the toxin was block-
ing the activation pathway of the 5-lipoxygenase or
directly inhibiting the enzyme, we studied its effect
on the activation of the 5-lipoxygenase induced by
the calcium ionophore A23187, a non receptor-
dependent agonist. In these experiments, 5-
lipoxygenase activity was assessed by the
measurement of the formation of 5,15 diHETE from
exogenous 15-HPETE, a compound previously
shown to be an excellent substrate for the 5-
lipoxygenase in A23187-stimulated neutrophils
(Borgeat et al., 1983). By using an exogenous sub-
strate, the possibility that pertussis toxin reduced 5-
lipoxygenase product synthesis via an effect at the
level of substrate release was eliminated. Neutrophils
were pre-incubated with or without pertussis toxin
under the conditions described above, and then incu-
bated with both lOnM A23187 and 3.3pM 15-
HPETE for 15 min at 37°C (Figure 4). Similar
experiments were carried out on neutrophils incu-
bated with both 3.3 uM arachidonic acid and 3.3 YM
15-HPETE. At the concentrations used, neither
A23187 nor arachidonic acid stimulated detectable
synthesis of 5,15 diHETE when added alone (data
not shown). Incubation of neutrophils with 15-
HPETE alone resulted in the formation of small
amounts of 5,15 diHETE (Figure 4), a response that
was unaffected by pre-treatment with pertussis toxin.
In combination with 15-HPETE, both arachidonic
acid and A23187 induced a significant increase in the
conversion of 15-HPETE to 5,15 diHETE, indicating
that both compounds stimulate 5-lipoxygenase
mediated metabolism of 15-HPETE. Pre-incubation
of neutrophils with pertussis toxin had no significant

1001

co-;

O(sw C

wo
O

I: -
0)

75 1

50F

LoC[fl

A23187 AA 15-HPETE
+ +

15-HPETE 15-HPETE

Fguwe 4 Effect of pre-treatment of human neutrophils
with pertussis toxin (PT) on the activation of the 5-
lipoxygenase by the calcium ionophore A23187 or ara-
chidonic acid. Neutrophils were pre-incubated for 2 h at
37-C with 0.25 jg ml-1 PT (open columns) or the
equivalent volume of diluent control (solid columns).
The cells were then incubated under the following con-
ditions: 3.3juM 15-HPETE and 10nM A23187, 3.3yM
15-HPETE and 3.3.um arachidonic acid (AA), or 3.3 yM
15-HPETE alone. After 15 min, the reactions were
stopped and the resulting synthesis of 5,15 diHETE
measured by r.p.-h.p.l.c. as described (see Methods).
Synthesis of 5,15 diHETE under stimulation by either
10nM A23187 or 3.3 /M arachidonic acid alone was not
detectable. The results are expressed as mean of tripli-
cate determinations of a single experiment that is repre-
sentative of three; vertical bars show s.d. Significantly
different from control values at *P < 0.01 (Student's t
test, n = 3).

effect on the synthesis of 5,15 diHETE induced by
A23187 while under the same conditions, the synthe-
sis of 5,15 diHETE induced by arachidonic acid was
completely inhibited.

Effect ofpre-incubation of neutrophils with GM-CSF
on leukotriene synthesis in response to arachidonic
acid

Neutrophils (5 x 106 ml 1) were pre-incubated with
GM-CSF (200pM) for 1 h at room temperature
before stimulation with increasing concentrations of
arachidonic acid for either 5 or 15 min. The resulting
synthesis of leukotriene B4 and its fl-oxidation pro-
ducts are shown in Figures Sa and b respectively. As
shown in the previous results, increased leukotriene
synthesis was observed with increasing concentra-
tions of arachidonic acid. In these experiments, the
lowest concentration of arachidonic acid with which
we could detect leukotriene synthesis was 10pM.
However, when the cells were pre-incubated with
GM-CSF, leukotriene synthesis was consistently
detected when the cells were incubated with 3.3 yM
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and sometimes as little as 1.0 um arachidonic acid
(data not shown). Furthermore, pre-treatment of the
cells with GM-CSF lead to enhancement (between
two and ten fold depending on the concentration of
exogenous arachidonic acid) of leukotriene synthesis
in response to concentrations of arachidonic acid
which induced leukotriene synthesis in the cells
untreated with GM-CSF.

Discussion

It has previously been shown that incubation of
several different cell types with exogenous arachi-
donic acid results in the formation of 12- and 15-
lipoxygenase products (Jorg et al., 1982; Goldyne et
al., 1984; Lagarde et al., 1984). In the case of 5-
lipoxygenase products, however, the situation is dif-
ferent, and it is generally accepted that leukotriene
synthesis in neutrophils (the system most extensively
studied) requires activation of the enzyme (Borgeat
et al., 1983). The calcium ionophore A23187 -has
been shown to be a strong stimulus of the neutrophil
5-lipoxygenase (Borgeat & Samuelsson, 1979a),
whereas inflammatory stimuli such as Paf and fMet-
Leu-Phe activate the enzyme to a lesser degree
(Salari et al., 1985; Borgeat et al., 1988). It is also
recognized that exogenous arachidonic acid induces
a small but consistent synthesis of 5-lipoxygenase
products in neutrophils (Borgeat & Samuelsson,
1979b). In the present work, through the use of per-
tussis toxin, we have clearly demonstrated that in
addition to being used as substrate, exogenous ara-
chidonic acid also activates the human neutrophil 5-
lipoxygenase, thereby reinforcing the concept that
5-lipoxygenase product synthesis requires activation
of the 5-lipoxygenase.
Our studies with the G-protein inhibitor, pertussis

toxin, provide strong evidence for receptor-
dependent activation of the 5-lipoxygenase by exoge-
nous arachidonic acid. G-proteins have been
identified as early elements in the excitation response
sequence of many cell types, and have been invari-
ably associated with the transduction of receptor
occupancy into cellular responses (Gilman, 1984). To
date, the G-proteins represent the earliest known
molecular components interacting with cell surface
receptors (Gilman, 1984). The signalling transduction
pathway in human neutrophils contains a G-protein
which is linked to the cell surface receptors for many
neutrophil agonists including leukotriene B4 (Becker
et al., 1985), Paf (Naccache et al., 1986) and fMet-
Leu-Phe (Lad et al., 1985), and the association
between this G-protein and these receptors is specifi-
cally inhibited by pertussis toxin (Becker et al., 1985;
Lad et al., 1985; Naccache et al., 1986).

In the present work, the inhibitory effects of the
toxin were specifically directed towards the stimu-

lation of 5-lipoxygenase product synthesis by arachi-
donic acid, since we did not observe inhibition of the
synthesis of the 15-lipoxygenase product 15-HETE.
In addition, using the calcium ionophore A23187 as
a 5-lipoxygenase stimulus, we were able to determine
that pertussis toxin did not directly inhibit the 5-
lipoxygenase enzyme. In this assay, we used the
hydroperoxy fatty acid 15-HPETE as a substrate
and measured its conversion into 5,15 diHETE as an
indication of 5-lipoxygenase activation (Borgeat et
al., 1983). 15-HPETE was metabolized by neutro-
phils to 5,15 diHETE only to a minor extent unless
A23187 or arachidonic acid were also added (Figure
5). Pertussis toxin had no effect on the ability of
A23187 to activate the 5-lipoxygenase and stimulate
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Figure 5 The effect of pre-incubation of neutrophils
with GM-CSF on the synthesis of 5-lipoxygenase pro-
ducts induced by exogenous arachidonic acid. Neutro-
phils were pre-treated with 200pM GM-CSF for 1 h at
room temperature prior to stimulation with increasing
concentrations of arachidonic acid for either 5 or
15min: (0) plus GM-CSF; (0) without GM-CSF. The
resultant synthesis of leukotriene B4 and 20-OH-leuko-
triene B: (i.e. 1:20-OH- and 20-COOH-leukotriene B4)
are shown in (a) and (b) respectively. The results are
expressed as mean of triplicate determinations from one
experiment that is representative of four; vertical bars
show s.d.
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the conversion of 15-HPETE into 5,15 diHETE,
indicating that it does not directly inhibit the 5-
lipoxygenase or interfere with activation of the 5-
lipoxygenase by A23187. It is also important to note
that arachidonic acid stimulated the transformation
of 15-HPETE into 5,15 diHETE, and furthermore,
that this transformation was inhibited by pertussis
toxin. These results confirm our previous observa-
tion that pertussis toxin inhibits arachidonic acid-
induced leukotriene synthesis and further supports
our hypothesis that arachidonic acid activates the 5-
lipoxygenase via a G-protein-dependent mechanism.
Our results demonstrating that pre-incubation of
neutrophils with GM-CSF enhanced the synthesis of
leukotrienes in response to arachidonic acid also
provide support to our hypothesis that arachidonic
acid stimulates the 5-lipoxygenase, since we and
others have recently shown that pre-incubation of
neutrophils with GM-CSF enhances the ability of
several other neutrophil agonists such as fMet-Leu-
Phe (DiPersio et al., 1988), C5a (Dahinden et al.,
1988) and Paf to stimulate leukotriene synthesis.

In the present study, it has proved difficult to
establish the mechanism(s) involved in the activation
of the 5-lipoxygenase and the stimulation of leuko-
triene synthesis by arachidonic acid. However, con-
sidering the established role of calcium in activation
of the 5-lipoxygenase, our recent investigations on
the effects of arachidonic acid on the mobilization of
intracellular calcium, and the observation that leu-
kotriene B4 can also activate the 5-lipoxygenase, it is
possible that activation of the 5-lipoxygenase by ara-
chidonic acid is related to its ability to promote
calcium mobilization, and involves activation of the
leukotriene B4 receptor, probably by a positive feed-
back loop due to de novo synthesis of leukotriene B4
(Figure 6). The latter mechanism could be due to
transformation of exogenous arachidonic acid into
leukotriene B4 by 5-lipoxygenase which is already
active, or by a direct effect of arachidonic acid on
intracellular calcium stores (Beaumier et al., 1987),
resulting in the activation of the 5-lipoxygenase, leu-
kotriene B4 synthesis from exogenous arachidonic
acid, and subsequent activation of the leukotriene B4
receptor. In both cases, stimulation of the leuko-
triene B4 receptor would enhance the activation of
the 5-lipoxygenase and consequently, leukotriene
synthesis from exogenous arachidonic acid. In a
separate study, we have obtained evidence that both
of these mechanisms exist and account for the effect
of arachidonic acid on calcium mobilization. Addi-
tional support for this hypothesis arises from the fact
that the characteristics of arachidonic acid and leu-
kotriene B4 as neutrophil agonists are strikingly
similar. Indeed, stimulation of human neutrophils by
leukotriene B4 elicits a similar range of functions as
those previously described for arachidonic acid

Figure 6 Possible mechanism for the stimulation of
the 5-lipoxygenase by exogenous arachidonic acid.
Numbers represent the postulated sequence of events.
This scheme implies a critical role for calcium in the
activation of the 5-lipoxygenase, and also that leuko-
triene B4 activates this enzyme. In this scheme, the trig-
gering event for the induction of 5-lipoxygenase product
synthesis by arachidonic acid would be the direct effect
of arachidonic acid on intracellular levels of calcium,
which in turn would lead to the activation of the 5-
lipoxygenase (events 1 to 3). Formation of leukotriene
B4 would occur, leading to a positive feedback effect of
leukotriene B4 on the activation of the 5-lipoxygenase
(events 4 to 9). The positive feedback could eventually
be switched off due to desensitization of the leukotriene
B4 receptor by leukotriene B4.

(O'Flaherty et al., 1979; Hafstrom et al., 1981; White
et al., 1983; Smith et al., 1987). Furthermore, and
most importantly, cellular responses to both leuko-
triene B4 (Becker et al., 1985) and arachidonic acid
are sensitive to pertussis toxin. The positive feed-
back loop could finally be switched off as a conse-
quence of desensitization of the leukotriene B4
receptor by leukotriene B4, as has previously been
reported (Sha'afi et al., 1981).
The ability of arachidonic acid to activate the

human neutrophil 5-lipoxygenase may be of con-
siderable patho-physiological importance in vivo.
The fact that micromolar concentrations of arachi-
donic acid are required to observe these effects in
vitro does not diminish the importance of this
finding since large quantities of arachidonic acid
have been described in inflammatory lesions
(Hammarstrom et al., 1975; Greaves, 1986). Further-
more, in this work, we have demonstrated that expo-
sure of neutrophils to GM-CSF in vitro increases the
sensitivity of these cells to arachidonic acid (Figure
5). If GM-CSF has the same effect in vivo, it may
have a dramatic influence on inflammation by
increasing the activation of the 5-lipoxygenase not
only in response to agents such as Paf and C5a
(Dahinden et al., 1988), but also arachidonic acid.
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