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Abstract

The activation of eosinophils with the lipid mediator, leukotriene B,, induces their homotypic aggregation. Upon activation with
leukotriene B,,, eosinophils release a significant amount of arachidonic acid, a process dependent on the activation of phospholipase A ,.
Here, we have evaluated whether arachidonic acid could induce aggregation of eosinophils and whether the release of arachidonic acid
mediated the aggregation induced by leukotriene B,. The exogenous administration of arachidonic acid induced a concentration-depen-
dent eosinophil homotypic aggregation. Pretreatment of eosinophils with a 5-lipoxygenase inhibitor or a leukotriene B, receptor
antagonist abrogated arachidonic-acid-induced aggregation. Arachidonic acid induced a significant increase in leukotriene B, levels and
desensitised leukotriene B ,-induced aggregation in a dose-dependent manner. Moreover, this desensitisation was effectively reversed by a
5-lipoxygenase inhibitor. However, arachidonic acid failed to induce a rise in intracellular Ca2" in eosinophils and failed to desensitise
these cells to rises in intracellular Ca®* induced by leukotriene B,. Pretreatment of eosinophils with the phospholipase A , inhibitor,
mepacrine, inhibited the aggregation responses induced by 1 nM leukotriene B, by approximately 50% but had no significant effect on
the other concentrations of leukotriene B, tested (0.1 to 100 nM). In conclusion, arachidonic acid stimulates eosinophil aggregation
indirectly via the release of leukotriene B,. Although a significant amount of arachidonic acid is released in response to activation of
eosinophils with leukotriene B, the arachidonic acid released does appear to play a major role in mediating leukotriene B ,-induced
eosinophil aggregation. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction mediated by the selectin family of adhesion molecules and
their carbohydrate ligands; the rolling leukocyte can then
be activated in a G-protein-dependent manner via seven-
transmembrane spanning receptors on the leukocyte sur-
‘ ! : ' ; face (e.g., leukotriene B, and chemokine receptors); this
men et &l., 1992). Eosinophils are typically tissue-dwelling activation leads to upregulation of integrin function on the
cells and, in dlergic disorders, an increased number of leukocyte membrane and firm adhesion to endothelial cells

activated eosinophils is found in the submucosa and mu- (Teixeira et al., 1995h). Recently, we have shown that the
cosa of affected tissues (Djukanovic et al., 1990; Giem- paradigm for eosinophil migration can be mimicked in

bycz and Lindsay, 1999). The current paradigm explaining vitro using an assay which measures guinea-pig eosinophil
the migration 01_‘ eosi noph|!s predlcts. that there are qt_leasi homotypic aggregation. Thus, eosinophil aggregation is
three steps prior to their entry into tissue: initialy, dependent on L-selectin, activation of G-protein-coupled
eosinophils roll on endothelial cells, a process which is receptors and on subsequent activation of B, integrins
(Teixeira and Hellewell, 1997; Teixeira et a., 19953,

" Corresponding author, Tel.: +55-31-499-2723; fax: + 55-31-499- 1996; Giembycz and Lindsay, 1999). Eosinophil—
2695, eosinophil interactions have been demonstrated in tissues
E-mail address: mmtex@ich.ufmg.br (M.M. Teixeira) around larvae of migrating parasites and after the intrader-

There is much evidence suggesting a role for eosinophils
in the pathogenesis of allergic diseases such asthma and
atopic dermatitis (Djukanovic et al., 1990; Bruijnzeel-K oo-
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mal injection of the chemokine, RANTES (regulated upon
activation, normal T cell expressed and secreted) (Mc-
Laren, 1980; Meurer et al., 1993). Moreover, leukocyte
rolling on already tethered leukocytes may facilitate their
accumulation at sites of inflammation (Bargatze et d.,
1994). Therefore, understanding of the signaling pathways
leading to eosinophil aggregation in vitro may be helpful
in the development of novel therapies aimed at inhibiting
eosinophil migration in vivo and activation in the tissue.

We have previoudy shown that the lipid mediator,
leukotriene B,, can induce the homotypic aggregation of
eosinophils (Teixeira et al., 1995a). Leukotriene B,-in-
duced eosinophil aggregation is pertussis-toxin-sensitive
(Teixeira and Hellewell, 1997) and dependent on B, inte-
grins (Teixeira et a., 1995a). In contrast, we have ex-
cluded a major role for protein kinase C (Teixeira and
Hellewell, 1997), mitogen-activated protein kinases
(MAPKSs) and tyrosine kinases (Lindsay et al., 1998a) in
mediating this response. Upon activation with leukotriene
B,, eosinophils release a significant amount of arachidonic
acid, a process dependent on the activation of phospholi-
pase A, (Lindsay et al., 1998b). Arachidonic acid has been
shown to activate, either directly or via release of 5-lipo-
xygenase products, neutrophil functions, such as degranu-
lation and integrin receptor expression (Badwey et al.,
1984; Bates et al., 1993; Capodici et al., 1998). Interest-
ingly, it has recently been shown that the activation of 3,
integrins by arachidonic acid was accompanied by the
aggregation of human neutrophils in vitro (Capodici et al.,
1998). In as much as kinetic studies demonstrated that the
onset and peak of leukotriene B,-induced arachidonic acid
release preceded the onset of eosinophil aggregation (Lin-
dsay et al., 1998a,b), this study was conducted to evaluate
whether arachidonic acid could induce the aggregation of
eosinophils and whether the release of arachidonic acid
mediated the aggregation induced by leukotriene B,. To
investigate the latter, we used the phospholipase A, in-
hibitor, mepacrine, at a concentration we have previously
shown to block the release of arachidonic acid from
leukotriene B ,-stimulated eosinophils (Lindsay et al.,
1998b).

2. Material and methods
2.1. Purification of guinea pig peritoneal eosinophils

The method is described in detail elsewhere (Teixeira et
al., 1994). The methods described in this study were
subject to Home Office (UK) approval and were per-
formed according to the guidelines under the Animals
(Scientific Procedure) Act, 1986. Briefly, ex-breeder fe-
male guinea pigs (Harlan, Oxon; 700—800 g) were treated
with undiluted horse serum (1 ml, i.p.) every other day for
2—-3 weeks and the cells harvested by peritoneal lavage
with heparinized saline (10 IU ml~1) 2 days after the last

injection. The cells obtained were layered onto a discontin-
uous Percoll-Hanks balanced salt solution (Ca?*- and
Mg?*-free) gradient followed by centrifugation (1500 X g,
25 min at 20°C). Eosinophils (> 95% pure, > 98% viable)
were collected from the 1.090,/1.095 and 1.095/1.100 g
ml~! density interfaces. The cells were then washed twice
in phosphate-buffered saline (PBS, Ca?*- and Mg?*-free,
pH 7.4) to which glucose (10 mM) was added.

2.2. Eosinophil aggregation

Aggregation experiments were carried out as previously
described (Teixeira et al., 1995a). Briefly, guinea-pig
eosinophils were resuspended (5 X 10° cells ml~1) in the
above assay buffer (PBS), CaCl, and MgCl, (fina con-
centrations 1.0 mM and 0.7 mM, respectively) added and
the cells kept on ice. Five minutes before use, the cells
were warmed to 37°C and aiquots (300 wl) of cells were
dispensed into siliconized cuvettes which were placed into
a dual-channel platelet aggregometer (Chronolog 440 VS)
linked to a dual pen recorder (Chronolog 707). The cells
were incubated for at least 5 min at 37°C with continuous
stirring a 700 rpm prior to stimulation with the indicated
agonist. The reference cuvette contained buffer alone. Re-
sponses were alowed to develop for at least 3 min and
were measured at the peak of aggregation. Results are
expressed as the percentage of maximal aggregation in-
duced by 1077 M phorbol myristate acetate (PMA).
Eosinophils were incubated with the various pharmacol ogi-
ca agents (mepacrine, ZM230487, LY 255283 and flur-
biprofen) for 2—3 min prior to stimulation. The following
stimuli were used: C5a (10~" M), leukotriene B, (10~ 1°—
107" M) and arachidonic acid (10°~10"° M). For the
desensitization experiments, eosinophils were initially pre-
treated for 2 min with ZM 230487 (10~® M) or vehicle.
Increasing concentrations of arachidonic acid (10 -10°
M) or vehicle were then added for a further 2 min fol-
lowed by activation of eosinophils with leukotriene B,
(1078 M). None of the agonists or drugs tested had any
significant effect on eosinophil viability as assessed by
Trypan blue exclusion (data not shown).

2.3. Intracellular Ca?* experiments

Purified guinea-pig eosinophils (5 x 10° cells mli~* in
PBS with 0.25% bovine serum albumin) were loaded with
fura-2-acetoxymethyl ester (2.5 uM, 30 min a 37°C).
After two washes, eosinophils were resuspended at 10°
cels ml~! in PBS buffer containing 10 mM HEPES,
0.25% bovine serum albumin and 1 mM Ca* and stored
on ice. Ten minutes prior to their use, eosinophils were
warmed to 37°C and 300 .| aliquots dispensed into quartz
cuvettes. Changes in fluorescence were monitored at 37°C
using a spectrometer (LS50; Perkin-Elmer, Beaconsfield,
Bucks) at excitation wavelengths 340 and 380 nm and
emission wavelength 510 nm. [Ca®"], levels were calcu-
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lated using the ratio of the two fluorescence readings and a
K, for Ca&* binding at 37°C of 224 nM (Teixeira et a.,
1997). Fura-2-loaded eosinophils were activated with
arachidonic acid (10> M), leukotriene B, (1078 M) or
vehicle as shown in Section 3. When two stimuli were
used sequentialy, there was at least a 2-min wait between
each addition.

2.4. Measurement of leukotriene B, levels

Purified eosinophils (5% 10° cells ml~1) were resus-
pended in buffer as for the aggregation experiments and
aliquots (300 wl) stimulated with buffer or arachidonic
acid (10 wM). One or 5 min after addition of the stimuli,
ice-cold buffer (600 w.l) was added to the cell suspension
and the cells immediately spun (10,000 X g, 15 s). The
cell pellet was then resuspended in aggregation buffer
containing Triton (0.2%) and underwent two freeze—thaw-
ing cycles. The lysed cells were then centrifuged (10,000
X g, 10 min). Supernatants obtained just after aggregation
and after cell lysis were stored at —20°C until measure-
ment of leukotriene B, following the recommendations of
a commercially available enzymatic immunoassay (R& D
Systems, Oxon, UK). Leukotriene B, levels in the super-
natants following aggregation and cell lysis are shown as
nanogram of leukotriene B, per milliliter and picogram of
leukotriene B, per 1.5 X 10° eosinophils, respectively

2.5. Materials

The following reagents were purchased from Sigma
(Poole): arachidonic acid, bovine serum albumin, p-glu-
cose, dimethyl sulphoxide, flurbiprofen, mepacrine, PMA.
Horse serum, Dulbecco’s PBS (Ca?*- and Mg?*-free, pH
7.4) and Hanks balanced salt solution were from Life
Technologies (Paisley). Percoll was from Pharmacia (Mil-
ton Keynes, England). Leukotriene B, was from Cascade
(Reading). The 5-lipoxygenase inhibitor, ZM230487 (6-3-
fluoro-5-[4-methoxy-3,4,5,6-tetrahydro-2 H-pyran-4yl]phe-
noxymethyl-1-ethyl-2-quinolone) (Kusner et al., 1994,
Teixeiraet al., 1994), was a gift from Zeneca Pharmaceuti-
cals (Macclesfield, Cheshire) and the leukotriene B, recep-
tor antagonist, LY255283 (1-(5-ethyl-hydroxyl-4-(6-
methyl-6-(1 H-tetrazol-5yl)heptyloxy)phenyl)ethanone)
(Silbaugh et al., 1992) was a gift from Eli Lilly (IN, USA).
None of the drug vehicles had any significant effect on
aggregation induced by any of the agonists tested (data not
shown).

2.6. Satigtical analysis

Results were analysed using anaysis of variance
(ANOVA) with the statistical program, Instat (GraphPad
Software V2.03). When only two groups were compared,
Student’s t-test was carried out. Results were considered
significant when P < 0.05. Data are presented as the mean
+ SE.M. of n experiments.

3. Results

3.1. Arachidonic-acid-induced eosinophil aggregation

The exogenous administration of arachidonic acid in-
duced a concentration-dependent eosinophil homotypic ag-
gregation (Fig. 1). Arachidonic-acid-induced aggregation
was fast in onset and partialy reversible (Fig. 1A). At the
highest concentration tested (10 u.M), arachidonic-acid-in-
duced aggregation amounted to 25%—-30% of that evoked
by PMA (100%) (Fig. 1B). This compares favourably with
the percentage aggregation seen with maximally effective
concentrations of platelet-activating factor and leukotriene
B, (Teixeira et al., 1995a). This concentration of arachi-
donic acid (10 wM) was used in al further experiments.

Treatment of eosinophils with the 5-lipoxygenase in-
hibitor, ZM230487, prior to the addition of arachidonic
acid virtually abolished the homotypic aggregation of
eosinophils induced by arachidonic acid and maximal inhi-
bition occurred at 1 ..M concentration of ZM230487 (Fig.
2). The leukotriene B, receptor antagonist, LY 255283, but
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Fig. 1. Effect of arachidonic acid on the homotypic aggregation of
guinea-pig eosinophils. In (A), atypical aggregation trace in response to
10 wM arachidonic acid (AA) is shown. In (B), the concentration-depen-
dent effects of arachidonic acid (1-10 wM) are depicted. Results are
expressed as the percent maximal aggregation in response to PMA (100
nM) and are the means+ S.E.M. of four experiments.
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Fig. 2. Effect of the 5-lipoxygenase inhibitor, ZM230487, on
arachidonic-acid-induced homotypic aggregation of eosinophils.
Eosinophils were pretreated with ZM 230487 (0.1-3 wM) for 3 min prior
to the addition of arachidonic acid (AA, 10 wM). Results are expressed as
the percent maximal aggregation in response to PMA (100 nM) and are
the means+ S.E.M. of four experiments. *P < 0.01 when compared to
responses in the presence of arachidonic acid alone.

not the cyclooxygenase inhibitor, flurbiprofen, abrogated
eosinophil aggregation induced by arachidonic acid (Fig.
3). Pretreatment of eosinophils with ZM230487 (1 uM)
had no significant effect on the aggregation response in-
duced by leukotriene B, or Cb5a (Table 1). Pretreatment
with LY 255283 failed to affect C5a-induced aggregation,
while effectively inhibiting responses induced by arachi-
donic acid (Fig. 3) or leukotriene B, (Table 1).

Five minutes after stimulation of eosinophils with
arachidonic acid, there was a significant increase in the
levels of leukotriene B, in the supernatant [vehicle stimu-
lation, below detection limit of the assay (< 200 pg ml~1);
arachidonic acid 10 wM, 13.1+ 3.4 ng mi~*] and cell
pellet (vehicle, 1409+ 193 pg,/1.5x 10° eosinophils;
arachidonic acid 10 wM, 2593 + 214 pg; P < 0.01) of
aggregating cells. At 1 min, there was no increase in the
levels of LTB, in the supernatant (bellow the detection
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Fig. 3. Effect of the 5-lipoxygenase inhibitor, ZM 230487, the leukotriene
B, receptor antagonist, LY 255283, and the cyclooxygenase inhibitor,
flurbiprofen, on arachidonic-acid-induced homotypic aggregation of
eosinophils. Eosinophils were pretreated with ZM230487 (ZM, 1 wM),
LY255283 (LY, 1 wM) or flurbiprofen (flurb, 1 wM) for 3 min prior to
the addition of arachidonic acid (AA, 10 uwM). Results are expressed as
the percent maximal aggregation in response to PMA (100 nM) and are
the means+ S.E.M. of four to five experiments. *P < 0.01 when com-
pared to responses in the presence of arachidonic acid alone.

Table 1

Effects of a 5-lipoxygenase inhibitor, ZM230487, and a leukotriene B,
receptor antagonist, LY 255283, on eosinophil aggregation induced by
leukotriene B, and C5&®

Percent maximal aggregation

Alone +2ZM230487 +LY 255283
LTB, 10 nM 31.7+28 350+21 89+26°
C5a100 nM 388128 36.4+36 30.7+£36

#Eosinophils were pretreated with ZM230487 (1 uM) or LY 255283
(1 pM) for 3 min and then stimulated with C5a or leukotriene B,
(LTB,). Data are shown as percent maximal aggregation in response to
PMA (100 nM) and are the means+ S.E.M. of four experiments.

PP < 0.01 when compared to responses in the presence of LTB,
alone.

limit of the assay, data not shown), but there was a
significant increase in the cell-pellet-associated LTB,
(vehicle, 1708 + 80 pg,/1.5 x 10° eosinophils; arachidonic
acid 10 M, 2760 + 105 pg; P < 0.01).

We have previously shown that pretreatment with
leukotriene B, desensitised eosinophils to a further admin-
istration of the same stimulus (Teixeira et al., 1995a).
Because arachidonic acid appears to stimulate eosinophil
homotypic aggregation via the release of leukotriene B,,
we tested whether arachidonic acid would also desensitise
responses to leukotriene B,. As shown in Fig. 4, arachi-
donic acid induced a concentration-dependent desensitisa-
tion of eosinophil aggregation induced by leukotriene B,.
Interestingly, pretreatment of eosinophils with ZM 230487
prior to addition of arachidonic acid partialy reversed the
ability of this lipid to desensitise to leukotriene B ,-induced
eosinophil aggregation (Fig. 4). Eosinophil aggregation
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Fig. 4. Effects of the 5-lipoxygenase inhibitor, ZM230487, on the ability
of arachidonic acid to desensitise the eosinophil aggregation induced by
leukotriene B,. Eosinophils were initialy pretreated for 2 min with ZM
230487 (1 wM) or vehicle. Then, increasing concentrations of arachi-
donic acid (AA, 1 to 10 wM) or vehicle were added followed, after a
further 2 min, by the activation of eosinophils with leukotriene B,
(LTB,, 10 nM). Results are expressed as the percent maximal aggrega-
tion in response to PMA (100 nM) and are the means+ S.E.M. of four to
five experiments. *P < 0.01 when compared to responses in eosinophils
stimulated with leukotriene B, but not pretreated with arachidonic acid.
#P < 0.05 when comparing responses in the absence or presence of
ZM230487.
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induced by C5a was not altered by pretreatment with
arachidonic acid (data not shown). Collectively, the data
presented above are consistent with arachidonic acid in-
ducing the release of leukotriene B,, which acts on
leukotriene B, receptors to mediate eosinophil homotypic
aggregation.

In contrast to its effect on eosinophil aggregation,
arachidonic acid failed to induce a rise in intracellular
Ca’" in eosinophils and failed to desensitise these cells to
rises in intracellular Ca?* induced by leukotriene B, (Fig.
5).

3.2. Effects of the phospholipase A, inhibitor, mepacrine,
on eosinophil aggregation

The role of arachidonic acid in leukotriene B ,-induced
eosinophil homotypic aggregation was evaluated by the
use of mepacrine, an inhibitor of phospholipase A,.
Mepacrine was used at a concentration (50 wM) previ-
ously shown to inhibit maximally the release of arachi-
donic acid by leukotriene B,-stimulated guinea pig
eosinophils (Lindsay et a., 1998b). At the concentration
used, mepacrine did not induce eosinophil aggregation
(data not shown). Mepacrine inhibited the aggregation
responses induced by 1 nM leukotriene B, by approxi-
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Fig. 5. Typical trace showing the inability of arachidonic acid to induce
an eevation in the levels of intracellular Ca2* and to desensitise the
leukotriene B ,-induced responses in eosinophils. Eosinophils were pre-
treated for 2 min with arachidonic acid (AA, 10 wM) followed by
activation with leukotriene B, (LTB,, 10 nM). ResLilts are expressed as
the increase in the concentration of intracellular C&2* (in nanomolar) as a
function of time (in seconds). In the insert, eosinophils were pretreated
with buffer, arachidonic acid (AA, 10 M) or leukotriene B, (LTB,, 10
nM) prior to addition of leukotriene B, (10 nM). Data are shown as the
peak increase in the concentration of intracellular Ca2* (in nM) and are
the means+ SE.M. of three experiments. #P <0.01 when comparing
cells pretreated with buffer or leukotriene B,.
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Fig. 6. Effect of the phospholipase AA, inhibitor, mepacrine, on
leukotriene B,-induced eosinophil homotypic aggregation. Eosinophils
were pretreated with buffer (solid line) or mepacrine (50 wM, dashed
line) for 3 min prior to the addition of leukotriene B, (0.1 to 100 nM).
Results are expressed as the percent maximal aggregation in response to
PMA (100 nM) and are the means+ S.E.M. of four experiments. *P <
0.05 when comparing cells pretreated with buffer or mepacrine.

mately 50% (P < 0.05) but had no significant effect on the
other concentrations of leukotriene B, tested (Fig. 6).

4. Discussion

The activation of eosinophils with chemoattractant
molecules, such as eotaxin and leukotriene B,, induces
their homotypic aggregation which can be measured on-line
as the increase in light transmittance through a stirred
suspension of cells (Teixeira et al., 1995a). Previous stud-
ies from our laboratories have shown that eosinophil ag-
gregation is Ca?*- and Mg?*-dependent and blocked by
pretreatment with anti-L-selectin or anti-f3, integrin mono-
clonal antibodies (Teixeira et al., 19953, 1996, 1997). The
signal transduction mechanisms involved in the homotypic
aggregation of eosinophils in response to chemoattractant
agents, such as leukotriene B, is largely unknown. We
have previously shown that leukotriene B ,-induced
eosinophil aggregation is pertussis-toxin-sensitive but inde-
pendent of the activation of protein kinase C, tyrosine
kinases and MAPKs (Teixeira and Hellewell, 1997; Lind-
say et al., 1998a). In neutrophils, arachidonic acid activates
B, integrins and induces their homotypic aggregation
(Bates et al., 1993; Capodici et a., 1998). In as much as
leukotriene B, induces a significant release of arachidonic
acid from guinea-pig eosinophils, which precedes the onset
of homotypic aggregation, we investigated whether arachi-
donic acid also activated eosinophils and whether it was
involved in leukotriene B,-induced aggregation.

Arachidonic acid induced a concentration-dependent
homotypic aggregation of eosinophils which was fast in
onset and demonstrated a similar profile to that after
activation with leukotriene B, or Cba (Teixeira et a.,
1995a). In some leukocytes, arachidonic acid interacts
directly with cellular systems (e.g.,, NADPH oxidase) to
induce physiological responses(McPhail et al., 1984; Smith
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et al., 1987). Alternatively, arachidonic acid can be
metabolised by 5-lipoxygenase and give rise to leuko-
trienes or 5-hydroxy-5,8,14-cis-10-trans-e cosatetraenoic
acid (5-HETE), which, in turn, activate leukocyte function
(Chun et al., 1997; Capodici et a., 1998). In order to
assess whether arachidonic acid was metabolised by 5-
lipoxygenase in our system, we pre-treated eosinophils
with the 5-lipoxygenase inhibitor, ZM230487 (Kusner et
al., 1994; Teixeira et al., 1994). This drug abolished
arachidonic-acid-induced eosinophil aggregation but had
no effect on the functional responses to leukotriene B, or
C5a. Next, we examined whether the release of leukotriene
B, or another 5-lipoxygenase-derived lipid was the main
metabolite which accounted for arachidonic-acid-induced
eosinophil aggregation. Two approaches were used to ex-
aminethisissue: use of the leukotriene B, receptor antago-
nist, LY255283, and desensitisation experiments with
leukotriene B,. LY 255283, at a concentration that blocked
leukotriene B,-induced responses by over 90%, virtualy
abolished the eosinophil aggregation induced by arachi-
donic acid. Similarly, desensitisation with arachidonic acid
prevented the ability of leukotriene B, to induce the
aggregation of eosinophils. Interestingly, the desensitisa-
tion of eosinophils by arachidonic acid was partly pre-
vented by pretreatment with ZM230487, demonstrating
that arachidonic acid was metabolised by 5-lipoxygenase
to a lipid that activated the leukotriene B, receptor. In
addition, eosinophils produced a significant amount of
leukotriene B, upon stimulation with arachidonic acid.
Overdl, our results demonstrate the ability of arachidonic
acid to stimulate eosinophil aggregation via the release of
5-lipoxygenase-derived leukotriene B,. These results are
consistent with an earlier report demonstrating the ability
of guinea-pig eosinophils to produce leukotriene B, upon
stimulation (Hirata et al., 1990). Finally, the lack of effect
of the 5-lipoxygenase inhibitor on leukotriene B,- and
Cha-induced responses suggests that the autocrine produc-
tion of leukotriene B,, or other 5-lipoxygenase products,
by eosinophils, does not play a role in the aggregation
following activation with these stimuli.

Two unexpected observations were the lack of effect of
arachidonic acid on the levels of intracellular Ca2* in
eosinophils and the inability of arachidonic acid to desensi-
tise the leukotriene B,-induced elevation in intracellular
Ca* in eosinophils. Since arachidonic acid is metabolised
into leukotriene B, in eosinophils (see above) and
leukotriene B, induces an elevation in intracellular Ca?™,
it would be reasonable to suppose that arachidonic acid
would also induce a similar response. For example, in
human neutrophils, arachidonic acid stimulated a signifi-
cant mobilisation of intracellular Ca?* (Smith et al., 1987).
Similarly, arachidonic acid induced a fast, transient rise of
cytosolic free Ca®* concentration in human eosinophils
(Kok et al., 1989). In as much as arachidonic acid induced
the release of leukotriene B,, it would be reasonable to
suppose that arachidonic acid would desensitise the

leukotriene B,-induced elevation of intracellular Ca®".
However, neither a Ca?" influx nor desensitization of
leukotriene B ,-induced responses was observed. Our data
are consistent with that of Subramanian (1992) who showed
that the ability of leukotriene B, to induce Ca?* changes
in guinea-pig eosinophils was not related to the ability of
this agonist to induce the production of superoxide anion.
Only one cloned receptor has been found in guinea pigs
but the expressed receptor seems to differ in its ability to
activate intracellular signals depending on the ligand to
which it binds (Masuda et a., 1999). In addition,
leukotriene B, binds to guinea-pig eosinophils with two
distinct binding affinities, which led the authors to suggest
the existence of two leukotriene B, receptors (Sehmi et d.,
1992). Thus, it is possible that the effects of arachidonic
acid on eosinophil aggregation are mediated by leukotriene
B, acting on a receptor distinct (or at a different affinity
state) from the receptor responsible for the leukotriene
B,-induced elevation in intracellular Ca?* (Giembycz and
Lindsay, 1999). Furthermore, our results show that the
levels of leukotriene B, in the cell pellet increased prior to
their increase in the supernatant. In as much as the
leukotriene B, receptor may have two distinct localisations
(cell surface and nuclear receptors, described in human cell
lines) (Yokomizo et al., 1997; Giembycz and Lindsay,
1999), one dternative possibility is that the leukotriene B,
may be acting at these different locations to mediate Ca2*
influx and aggregation. We are presently investigating
these possibilities in our laboratory.

Our present results also demonstrate that an elevation in
intracellular Ca2* is not essential for the homotypic aggre-
gation of eosinophils induced by arachidonic acid or
leukotriene B,. This statement is based on the following
findings: (i) arachidonic acid induced significant aggrega-
tion (Fig. 1) but no cacium response (Fig. 5); and (ii)
LTB, induced both aggregation and calcium influx (Figs.
3 and 5). Nevertheless, arachidonic acid desensitized the
LTB,-induced aggregation, but not the Ca®" response
(Figs. 3 and 5). One possihility is that, like in human
eosinophils, Mg?* could substitute for Ca?* (Koenderman
et a., 1991). Nevertheless, we have previously reported
that the aggregation of guinea-pig eosinophils was com-
pletely dependent on Ca?* and was blocked by EGTA
(Teixeira et al., 19953,b). Thus, although the presence of
extracellular Ca* is essentia for the aggregation process
of guinea-pig eosinophils (selectin- and integrin-dependent
adhesions are Ca’"-dependent; Teixeira et al., 1995a,b),
elevated levels of intracellular Ca®" do not appear to play
amajor role, a least following activation with leukotriene
B,.

Experiments were then designed to examine the role of
the release of arachidonic acid on the ability of leukotriene
B, to induce the aggregation of eosinophils. For these, we
used the phospholipase A, inhibitor, mepacrine, at a con-
centration which effectively blocked the leukotriene B ,-in-
duced release of [*Hlarachidonic acid from guinea-pig
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eosinophils (Lindsay et al., 1998b). Moreover, mepacrine
has been previously shown to modulate endogenous phos-
pholipase A, and degranulation in human eosinophils at
similar concentrations (White et al., 1993). Here, we
showed that mepacrine only inhibited the aggregation in-
duced by low doses of arachidonic acid and had no
significant effect on the aggregation induced by 10 and
100 nM leukotriene B,. This lack of effect of mepacrine
on leukotriene B ,-induced aggregation suggests that al-
though leukotriene B, induces the release of a significant
amount of arachidonic acid from eosinophils, the arachi-
donic acid released does not play a major role in mediating
eosinophil homotypic aggregation. Similarly, we found
that arachidonic acid release did not play a central role in
leukotriene B,-induced activation of the NADPH oxidase
in guinea-pig eosinophils (Lindsay et al., 1998b). In addi-
tion to mepacrine, we tested the effects of the reportedly
more specific cytosolic phospholipase A , inhibitor arachi-
donic acid, COCF; (arachidonyltrifluoromethyl ketone)
(eg., Wissing et al., 1997). However, this compound
induced significant aggregation of eosinophils and the
release of [*H]arachidonic acid on its own (data not shown).
In human neutrophils, inhibition of phospholipase A , plays
an important role in the regulation of the expression of 3,
integrins and integrin-dependent function (Jacobson and
Schrier, 1993; Arai et al., 1998). The importance of phos-
pholipase A ,-derived arachidonic acid for the adhesive
function of human eosinophils is not known and is cur-
rently the subject of active research in our laboratories.

This is the first study to demonstrate that arachidonic
acid is an effective stimulant of eosinophil homotypic
aggregation. Arachidonic acid appears to stimulate
eosinophils indirectly via the release of 5-lipoxygenase-de-
rived leukotriene B,. Although a significant amount of
arachidonic acid is released in response to activation of
eosinophils with leukotriene B,, inhibition of arachidonic
acid release by a phospholipase A , inhibitor does not have
amajor effect on leukotriene B ,-induced eosinophil aggre-
gation. Further studies are needed to elucidate the mecha-
nism(s) underlying the primary signaling pathways re-
cruited by leukotriene B, to induce the homotypic aggrega
tion of eosinophils.
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