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Abstract

A large production of leukotrienes (LTs) can be induced in human eosinophils or neutrophils by priming with granulocyte-macrophag
colony-stimulating factor and subsequent stimulation with platelet-activating factor (PAF) or the anaphylatoxin C5a. Here, we investigate
the effects of a plant extract petasites hybridug&Ze339) and its isolated active sesquiterpene ester petasin in thegewiivo cell models.
Zileuton, a 5-lipoxygenase inhibitor, was used as a positive control. All compounds inhibited both cysteinyl-LT synthesis in eosinophils an
LTB, synthesis in neutrophils. In contrast, only Ze339 and petasin, but not zileuton, abrogated PAF- and Cb5a-induced increases
intracellular calcium concentrations. These data suggest that Ze339 and petasin may block, compared to zileuton, earlier signalling eve
initiated by G protein-coupled receptors in granulocytes, perhaps at the level of or proximal to phosphqlipBske@ together, petasin
appears to be one major active compoungetfsites hybridusxtract, since it demonstrates the same inhibitory activities on calcium fluxes
and subsequent LT generation in both eosinophils and neutrophils as Ze339 does. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction describing eosinophil and neutrophil activation mecha-
nisms. Functional responses of eosinophils and neutrophils
Increased numbers of neutrophils are observed in inflam-to various agonists, including lipid mediators, complement
matory responses caused by bacteria [1,2]. In contrast, eofactors, or chemokines [7-9], are increased by hematopoi-
sinophils are important effector cells, which accumulate at etins such as IL-3 and GM-CSF. This effect of hematopoi-
sites of parasitic and other non-bacterial inflammations etins, called “priming”, is also observed in basophils and
[3,4]. However, the presence of either eosinophils or neu- macrophages [10,11]. For both LT synthesis [8,12] and
trophils alone does not cause an inflammatory response. Tadegranulation [13,14], priming of granulocytes appears to
develop inflammatory symptoms, granulocytes need to bebe required.
activated [5,6]. There have been a numbenofitro studies Lipid mediators (e.g. PAF) and complement factors (e.g.
Cba) bind to G protein-coupled receptors and activate phos-
. . _ L pholipase G [15], which catalyses hydrolysis of phospha
4992?orrespond|ng author. Tel.:+41-31-632-3281; fax:+41-31-632- tidylinositol(ﬁ-;4,5—biphosphate to lRand diacylglycerol. IR
E-mail addresshus@pki.unibe.ch (H.-U. Simon). mediated increases in [€H; are essential for the
Abbreviations:AA, arachidonic acid; [C&'];, cytosolic free calcium translocation of cPLA from the cytosol to the nuclear
concentration; cPLA cytosolic phospholipase AC5a, complement fac membrane [16]. At the nuclear membrane, cBliherates
tor Cba, FLAE, 5-LQ-activating prptein; GM-CSF, g_ranul(_)cyte-macroph- AA from phospholipids [17]. Free AA is transferred to
age colopy-stlmulatlng factor; IL, _mterleukln;gPlr_losnoI tnsphosphate;. FLAP, which is also located in the nuclear envelope to
5-LO, 5-lipoxygenase; LT, leukotriene; MAPK, mitogen-activated protein ! )
kinase; mAb, monoclonal antibody; PAF, platelet-activating factor; and generate LTs. Translocation of 5-LO from cytosol to FLAP
Ze339, CQ estract ofpetasites hybridus on membrane compartments also appears to bé"[Ga
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dependent and essential for the generation of LTiAm 2.3. Purification of eosinophils, neutrophils, and
AA as shown by immunoblot analysis [18] and immuno- macrophages

fluorescence [19].

In human neutrophils, monocytes, and macrophages, Peripheral blood eosinophils were isolated by negative
LTA, is predominantly converted into LT,Eoy LTA, hy- selection from patients with atopic dermatitis or asthma
drolase [20,21]. LTB stimulates superoxide generation and [34-36]. Neutrophils were purified from healthy donors
lysosomal enzyme release, and amplifies leukocyte chemo-34], and macrophages were collected from bronchoalveolar
taxis as well as adhesion in bacterial-infected tissues [22—/avage fluids of asthmatic patients [35]. Informed consent
24]. On the other hand, LTAis conjugated with reduced was obtained from all patients and healthy donors. The

gluthatione by LTG synthase to form LTE[25-27] in both
human eosinophils and macrophages. The cysteinyl-LTs
LTC, LTD, and LTE, increase microvascular permeabil
ity and mucus secretion and promote the contraction of
smooth muscle, contributing to bronchoconstriction in
asthma [28]. To prevent LT actions, new synthetic drugs
such as 5-LO inhibitors (e.g. zileuton), L]Beceptor an
tagonists (e.g. LY-223982), cysteinyl-LT receptor antago-
nists (e.g. montelukast), and FLAP inhibitors (e.g. MK-
0591) have been developed [29,30].

The plant extract opetasites hybridugZe339) contains

study was approved by the Swiss Academy of Medical
Science (Medical Ethics Committee of Davos).

2.4, Stimulation of eosinophils, neutrophils, and
macrophages

Unless stated otherwise, eitherxL 10°%mL of purified
eosinophils, IX 10°mL of macrophages, or X 10°/mL of
neutrophils were cultured in complete culture medium
(RPMI-1640 supplemented with 2 mM-glutamine, 200
IU/mL of penicillin/100 ng/mL of streptomycin, and 10%
foetal bovine serum; all from Life Technologies). Cells

the sesquiterpene ester petasin as its main active compoundyere pretreated with Ze339, petasin, or zileuton (0—40

Inhibition of cysteinyl-LT synthesis by extracts pétasites
hybridusand petasin have been observed in rat peritoneal
macrophages [31] and whole leukocyte populations [32]. In

pa/mL) for 15 min at 37° in a humidified atmosphere with
5% CQO,. Cells were primed with GM-CSF (50 ng/mL) for
20 min and then stimulated with PAF (100 nM) or C5a (10

this article, we compared the effects of Ze339 and petasin tonM) for 25 min at 37°. After stimulation, supernatants were

those of zileuton on the generation of cysteinyl-LTs in
eosinophils and LTBin neutrophils as well as their phar
macological activities on intracellular calcium mobilisation,
a key mechanism in the activation of cPLAnd 5-LO.

2. Materials and methods
2.1. Reagents

Ficoll separating solution was from Biochrom KG. GM-
CSF was a gift from Dr. T. Hartung. PAF was obtained from
Calbiochem. Complement factor C5a and calcium iono-
phore A23187 were purchased from Sigma Chemical Co.
Fura-2-acetoxymethylester and ionomycin were from
Roche Diagnostics. Zileuton was a gift from Abbott. The
high-pressure CQOextract ofpetasites hybridu€&Ze339) and

harvested and stored at20° until analysis for the presence
of cysteinyl-LTs or LTB,.

2.5. Immunoassays

Cysteinyl-LTs were measured using the cellular allergen
stimulation test (CAST)-ELISA from Buimann Laborato-
ries. LTB, was measured using the LTHEELISA from
R&D Systems.

2.6. Intracellular calcium measurements

Changes in [C&], were assayed in human eosinophils
and neutrophils as previously described [37,38]. Briefly,
cells were resuspended at 5 to ¥010°/mL in complete
culture medium and incubated with 14 of a 1-mM stock
solution of fura-2-acetoxymethylester for 20 min at 37°.
Extracellular dye was then removed by washing, and cells

its isolated active compound petasin [33] were provided by were resuspended at2 10%/mL in complete culture me

Max Zeller Sthne AG. Anti-CD16 mAb microbeads were

dium and stored in the dark until analysis at 37°. Cells were

purchased from Milteny Biotec. Unless stated otherwise, all \yashed and resuspended1LCP/mL) in buffer A (in mM:

other reagents were from Sigma.
2.2. Composition of Ze339

After standardisation, Ze339 contained 14.1% of the
active compound petasin in addition to 85.1% residual com-

NaCl 140, KCI 3, MgC} 1, glucose 10, Ca¢ll, and
HEPES 20, pH 7.23) immediately before use. Cells were
continuously monitored and stirred in a 1.8-mL heated (37°)
quartz cuvette in a fluorospectromet®g,(iation = 340/380
NM, Agmission = 205 Nm) and analysed with the DM3000
Cation Measurement software (Spex). Each run was cali-

pounds, mainly represented by inactive apolar fatty acids asbrated by addition of 1uM ionomycin and 0.2% Triton

well as inactive polar compounds. Petasin was isolated from
Ze339 to a purity of at least 99% [33].

X-100 followed by 10 mM EGTA. Changes in cytosolic
free calcium A[Ca*],) were calculated as the peak value
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Fig. 1. Inhibition of PAF-induced cysteinyl-LT and LT,Bsynthesis by
Ze339 in macrophages. Maximal synthesis in independent experiments
ranged between 300-600 pg/mL for cysteinyl-LTs and 10,000-28,500
pg/mL for LTB,. Inhibition of LT synthesis is expressed as percent related
to control cells stimulated without inhibitor. Values are meanSEM of

four independent experimentsR*< 0.05).

obtained within the first minute following PAF (100 nM) or
Cb5a (10 nM) stimulation.

2.7. Statistical analysis

Inhibition of induced LT synthesis and [€8; changes
by the compounds were calculated in percent related to
control cells (preincubated without compound). Data are
presented as means SEM. The Mann-Whitney rank sum
test was used to determine statistical differencesR*<
0.05).

3. Results

3.1. Inhibition of cysteinyl-LT and LTBsynthesis by
Ze339 in macrophages

To determine the inhibitory activity of Ze339 on the
synthesis of cysteinyl-LTs and LTBa preliminary screen
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Fig. 2. Ze339 and petasin inhibited PAF- and C5a-induced LT synthesis in

a dose-dependent manner in GM-CSF-primed eosinophils (A) and neutro-

phils (B). As a control, the 5-LO inhibitor zileuton was used. No significant
differences between the compounds were found. Maximal LT synthesis in
independent experiments ranged between 300—-3,000 pg/mL for cysteinyl-
LTs in eosinophils and 7,500-99,500 pg/mL for LTB neutrophils.
Inhibition of LT synthesis is expressed as percent related to control cells

stimulated without inhibitor. Values are meansSEM of four to eight

independent experiments P*< 0.05).

3.2. Inhibition of eosinophil cysteinyl-LT and neutrophil
LTB, synthesis by Ze339, petasin, and zileuton

Purified eosinophils and neutrophils were incubated with
increasing concentrations of Ze339 and petasin. Zileuton, a
commercially available 5-LO inhibitor, was used as positive
control at the same concentrations. Eosinophils<(1.0%

mL) or neutrophils (1X 10°/mL) were then primed with
GM-CSF and stimulated with PAF or C5a (no significant
LT synthesis was observed using unprimed eosinophils or
neutrophils; data not shown). As shown in Fig. 2, all com-
pounds inhibited PAF- as well as C5a-mediated LT synthe-
sis in GM-CSF-primed cells in a dose-dependent manner.
Inhibitor concentrations above 4@g/mL did not further
inhibit the generation of LTs in either eosinophils or neu-

ing was performed using lung macrophages based on thetrophils (data not shown). No significant differences were

previously described cysteinyl-LT synthesis [31]. Macro-
phages from bronchoalveolar lavage fluidsX110°/mL)
were incubated in complete culture medium with Ze339
before stimulation with PAF (100 nM). As shown in Fig. 1,
Ze339 inhibited cysteinyl-LT synthesis with an,, of ap
proximately 24ug/mL (67.5% 9.0%) and a maximal inhi-
bition at 40 ug/mL (87.9 = 7.1%). Ze339 also inhibited
LTB, synthesis, with ancs, of approximately 24ug/mL
(48.8 = 12.1%) and a maximal inhibition at 4Qg/mL
(68.9 = 12.4%). Higher concentrations of the drug did not
further inhibit LT generation (data not shown). Since Ze339
blocked both cysteinyl-LT and LTBsynthesis, we per
formed the following experiments with cells specialised in
the generation of either cysteinyl-LTs (eosinophils) or L,TB
(neutrophils).

observed among the blocking compounds inhibiting cystei-
nyl-LT generation in eosinophils and LT,Bjeneration in
neutrophils, respectivelyiggy was = 24 ug/mL in each
case). At a concentration of 4@g/mL, cysteinyl-LT and
LTB, synthesis inhibition ranged between 68—-94% in C5a-
or PAF-stimulated granulocytes.

3.3. Suppression of PAF- and C5a-mediated increases in
[Ca?*]; by Ze339 and petasin, but not by zileuton

PAF- and C5a-induced [G4]; changes were monitored
over 250 sec. Cells were from different donors for each drug
tracing, and maximal [Gd]; changes ranged between 130
and 240 nM. As shown in Fig. 3A and Table 1, pretreatment
with 16 pg/mL of Ze339 or petasin completely blocked



1044 O.A.R. Thomet et al. / Biochemical Pharmacology 61 (2001) 1041-1047

untreated Ze339 petasin zileuton 4. Discussion
A | 236 0 0 194
ot ‘ J\\_ cosinophils Eosinophils and neutrophils are important inflammatory
250 1 = e . - = effector cells that contribute to tissue damage due to the
, release of toxic mediators in allergic and infectious diseases.
neutrophils . i i
I\ S Besides the generation of toxic molecules, both cell types
0 — I ——— . . .

A A A A appear to amplify inflammatory responses by generating

0 250 [sec] cytokines, chemokines, and lipid mediators. To improve the
clinical situation of patients where activated granulocytes

B pirested 2o petasin  zleuton are part of the pathogenic process, blocking of either de-
e, —u 0 0 7 o granulation or generation of inflammatory mediators seems
[mM] _J ’ to be a reasonable strategy. Indeed, for patients with an
250 2 5 5 oo accumulation of eosinophils in bronchial asthma [39,40] or
[ ‘\ neutrophils neutrophils in chronic obstructive pulmonary disease
o U | S (COPD) [23], blocking of granulocyte-derived LTs has
A A A A been shown to be beneficial. There are two strategies to
0 250 [sec] block LTs: (a) by synthesis blockers, such as 5-LO [39] or
Fig. 3. Ze339 and petasin, but not zileuton, inhibited PAF- (A) or C5a- (B) FLAP [41] inhibitors; or (b) by LT receptor antagonists
induced increases in [€4]; in eosinophils and neutrophils. At 169/mL, 40

Ze339 and petasin completely abrogated the calcium signal. PAF or C5a
was added where indicated). The tracings are representative of four
independent experiments.

In this study, we investigated the effect of Ze339 from
petasites hybridusn two in vitro models of granulocyte
activation. To determine whether petasin is relevant for the
pharmacological activity of Ze339, we simultaneously ana-
lysed the effects of both compounds in the sameitro
models of LT synthesis. In both eosinophilic and neutro-
philic granulocytes, priming of cells was performed by
short-term incubation with GM-CSF. It has previously been

PAF-induced increases in [€4; in eosinophils and neu
trophils. In contrast, PAF-induced [€5; mobilisation was
not significantly reduced by zileuton in either eosinophils or
neutrophils. Similar results were obtained in C5a-stimulated shown that IL-3 and GM-CSF strongly enhance the re-

eosinophils and neutrophils (Fig. 3B and Table 2) and PAF- sponse of granulocytes to different agonists [7—14]. After

stimulated macrophages (data not shown). These results, 5| stimulation with PAF or C5a, primed granulocytes
suggest that Ze339 and petasin block signal transductionyenerated large amounts of LTs. In both cell types, priming
pathways initiated by G protein-coupled receptors at the \yith GM-CSF was absolutely essential, since PAF or C5a
level of or proximal to the release of calcium from intra-  zjone did not significantly increase LT synthesis. Ze339
cellular stores. In contrast, the 5-LO inhibitor zileuton does jnnipited LT synthesis in stimulated macrophages, eosino-

not have this capacity. phils, and neutrophils. The pharmacological activity of
Table 1

PAF-mediated increases in [€; are significantly inhibited by Ze339 and petasin, but not zileuton

Eosinophils

Concentration Ze339 Petasin Zileuton
0 100 100 100

4 pg/mL 53.9+ 6.2* 73.0+ 1.3* 93.7*+ 2.6
8 ng/mL 30.2+ 9.8* 58.3+ 1.5* 78.3+9.8
16 png/mL 1.4+ 1.4* 11+ 1.1% 70.8+ 8.3
Neutrophils

Concentration Ze339 Petasin Zileuton
0 100 100 100

4 pg/mL 425+ 5.8+ 75.3% 2.0 78.1+ 7.8
8 ug/mL 18.0+ 2.0* 43.2+ 3.7* 72.1+ 85
16 pg/mL 0.8+ 0.8* 1.1+ 1.1* 59.4+ 9.9

Experiments were performed as described in Materials and Methods and run as shown in Fig. 3A. The values represent percentages of the original p
calcium levels and are meansSEM of four independent experiments. At k§/mL, Ze339 and petasin, but not zileuton, completely blocked ligand-induced
calcium mobilization.

* P < 0.05.
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Table 2

Cs5a-mediated increases in €3 are significantly inhibited by Ze339 and petasin, but not zileuton

Eosinophils

Concentration Ze339 Petasin Zileuton
0 100 100 100

4 pg/mL 63.1* 2.4* 59.6+ 10.5* 87.0+ 3.0
8 ug/mL 37.7+ 7.5* 24.9%* 6.1* 80.5+ 1.9
16 pg/mL 0.9+ 0.9* 0.7+ 0.7 62.6+ 5.1
Neutrophils

Concentration Ze339 Petasin Zileuton
0 100 100 100

4 pg/mL 56.1+ 5.9* 65.5+ 9.3 85.4+ 8.1
8 wg/mL 37.4* 6.0* 36.7+ 1.9* 64.3+ 7.4
16 pg/mL 0.7+ 0.7* 1.1+1.1* 521+ 2.2

Experiments were performed as described in Materials and Methods and run as shown in Fig. 3B. The values represent percentages of the original p
calcium levels and are meansSEM of four independent experiments. At k§/mL, Ze339 and petasin, but not zileuton, completely blocked ligand-induced
calcium mobilization.

* P < 0.05.

Ze339 and petasin appeared to be in the same range asast cell LT production would suggest an even higher

observed using the known 5-LO blocker zileuton [39]. anti-allergic and/or anti-inflammatory potential. The discov-
In order to partially understand the mode of actions of ery that Ze339 and petasin suppress ligand-induced in-

Ze339 and petasin, we analysed PAF- and C5a-mediatedcreases in [Ca']; implies that these drugs may also block

increases in [C& ];, an indirect marker for ligand-induced other calcium-dependent pathways, such as degranulation

phospholipase gactivation [42,43]. In addition, increases mechanisms.

in [Ca?*]; are required for activation of both cPLAand

5-LO. Although Ze339, petasin, and zileuton blocked PAF-

and Cbha-induced LT production, only Ze339 and petasin, Acknowledgments
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Although this “priming” seems to be insufficient to reach layed neutrophil apoptosis: a general mechanism to accumulate ef-
the required threshold to induce functional responses over fector cells in inflammation. Proc Natl Acad Sci USA 1999;96:

References

the MAPK pathway [47], G protein-coupled receptors £553029- _ ,

. . Lo . [2] Netea MG, Fantuzzi G, Kullberg BJ, Stuyt RJ, Pulido EJ, Mcintyre
mlght_ Im_:rease the _aCtlvatlon of the MAPK pathwa)/ Vl_a RC, Joosten LA, Van der Meer JW, Dinarello CA. Neutralization of
protein kinase C acting on Ras [48] or Raf [49], resulting in IL-18 reduces neutrophil tissue accumulation and protects mice
an increased LT production in granulocytes [47]. In such a against lethaEscherichia coliand Salmonella typhimuriurendotox-
scenario, a drug that acts at the level of or proximal to emia. J Immunol 2000;164:2644-9.
phospholipase £ (e.g. Ze339 or petasin) would block [3] Simon HU, Plaz SG, Dummer R, Blaser K. Abnormal clones of T

. U .. cells producing interleukin-5 in idiopathic eosinophilia. N Engl J Med
cPLA, activity in two ways: (a) by not providing sufficient 1999:341:1112-20.
amounts of cytosolic free calcium; and (b) by inadequate [4] Simon HU, Yousefi S, Schranz C, Schapowal A, Bachert C, Blaser K.
activation of the enzyme via the MAPK pathway, Direct demonstration of delayed eosinophil apoptosis as a mechanism
The exact molecular targets of Ze339 remain to be iden- causing tissue eosinophilia. J Immunol 1997;158:3902—-8.

. . - [5] Weller PF, Bubley GJ. The idiopathic hypereosinophilic syndrome.
tified. Moreover, it is unclear whether Ze339 has similar Blood 1994:83:2759_79.

effects in other inflammatory effector cells of allergic reac- (5] mitsuyama K, Toyonaga A, Sasaki E, Watanabe K, Tateishi H,
tions, such as mast cells. Clearly, Ze339-mediated reduced  Nishiyama T, Saiki T, lkeda H, Tsuruta O, Tanikawa K. IL-8 as an



1046 O.A.R. Thomet et al. / Biochemical Pharmacology 61 (2001) 1041-1047

[7

—

(8]

[9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

important chemoattractant for neutrophils in ulcerative colitis and [25] Yoshimoto T, Soberman RJ, Spur B, Austen KF. Properties of highly

Crohn'’s disease. Clin Exp Immunol 1994;96:432—6. purified leukotriene ¢ synthase of guinea pig lung. J Clin Invest
Rothenberg ME, Owen WF, Silberstein DS, Soberman RJ, Austen 1988;81:866-71.

KF, Stevens RL. Eosinophils cocultured with endothelial cells have [26] Weller PF, Lee CW, Foster DW, Corey EJ, Austen KF, Lewis RA.
increased  survival and functional properties.  Science Generation and metabolism of 5-lipoxygenase pathway leukotrienes
1987;237:645-7. by human eosinophils: predominant production of leukotriene C
Takafuji S, Bischoff SC, de Weck AL, Dahinden CA. IL-3 and IL-5 Proc Natl Acad Sci USA 1983;80:7626-30.

prime normal human eosinophils to produce leukotrieneirCre- [27] Glaser KB, Sung A, Bauer J, Weichman BM. Regulation of eico-
sponse to soluble agonists. J Immunol 1991;147:3855—-61. sanoid biosynthesis in the macrophage. Involvement of protein ty-
Dahinden CA, Zingg J, Maly FE, de Weck AL. Leukotriene produc- rosine phosphorylation and modulation by selective protein tyrosine
tion in human neutrophils primed by recombinant human granulo- kinase inhibitors. Biochem Pharmacol 1993;45:711-21.
cyte/macrophage colony-stimulating factor and stimulated with the [28] Lewis RA, Austen KF, Soberman RJ. Leukotrienes and other prod-
complement component C5A and FMLP as second signals. J Exp ucts of the 5-lipoxygenase pathway. Biochemistry and relation to
Med 1988:167:1281-95. pathobiology in human diseases. N Engl J Med 1990;323:645-55.
Bischoff SC, de Weck AL, Dahinden CA. Interleukin 3 and granu- [29] Barnes PJ. Therapeutic strategies for allergic diseases. Nature 1999;
locyte/macrophage-colony-stimulating factor render human basophils 402:B31-8.

responsive to low concentrations of complement component C3a. [30] McDonald PP, McColl SR, Naccache PH, Borgeat P. Activation of
Proc Natl Acad Sci USA 1990:87:6813-7. the human neutrophil 5-lipoxygenase by leukotrienge Br J Phar
Brock TG, McNish RW, Coffey MJ, Ojo TC, Phare SM, Peters- macol 1992;107:226-32.

Golden M. Effects of granulocyte-macrophage colony-stimulating [31] Bickel D, Roder T, Bestmann HJ, Brune K. Identification and char-

factor on eicosanoid production by mononuclear phagocytes. J Im- acterization of inhibitors of peptido-leukotriene-synthesis fi@eta-
munol 1996:156:2522—7. sites hybridusPlanta Med 1994;60:318-22.

[32] Scheidegger C, Dahinden C, Wiesmann U. Effects of extracts and of

macrophage colony-stimulating factor and other cytokines prime hu- individual components from Petasites on prostaglandin synthesis in

man neutrophils for enhanced arachidonic acid release and leukotri- cultured skin fibroblasts and on leucotriene synthesis in isolated
ene B, synthesis. J Immunol 1988;140:4315-22 human peripheral leucocytes. Pharm Acta Helv 1998;72:376—8.

Fujisawa T, Abu-Ghazaleh R, Kita H, Sanderson CJ, Gleich GJ [33] Debrunner B, Meier BPetasites hybridusa tool for interdisciplinary

Regulatory effect of cytokines on eosinophil degranulation. J Immu- researgh in phytotherapy. Pharm Acta Helv 1998;7.2:359_.62'
nol 1990:144:642—6. [34] Yousefi S, Green DR, Blaser K, Simon HU. Protein-tyrosine phos-

Borregaard N, Cowland JB. Granules of the human neutrophilic phorylation regulates apoptosis in human eosinophils and neutrophils.

polymorphonuclear leukocyte. Blood 1997;89:3503—21. Proc Natl Acad Sci USA 1994,91:10868—72. .
) . . : . [35] Simon HU, Yousefi S, Dommann-Scherrer CC, Zimmermann DR,
Zhu X, Birnbaumer L. G protein subunits and the stimulation of - ) ;
; : ) Bauer S, Barandun J, Blaser K. Expansion of cytokine-producing
phospholipase C by Gs-and Gi-coupled receptors: Lack of receptor . . )
- . o h CD4-CD8- T cells associated with abnormal Fas expression and
selectivity of Galpha(16) and evidence for a synergic interaction

between Gbeta gamma and the alpha subunit of a receptor activated[se] Eﬁi)(zset?:iltn gpglilgl');rtEé pBﬂﬁitﬁ??g?ﬁffgogggﬁc}wa A Blaser K
G protein. Proc Natl Acad Sci USA 1996;93:2827-31. ’ ' ' ’ ' ’

. . ) Simon HU. Disruption of fas receptor signaling by nitric oxide in
Clark JD, Lin LL, Kriz RW, Ramesha CS, Sultzman LA, Lin AY,

. e ) ) ! eosinophils. J Exp Med 1998;187:415-25.
Milona N, Knopf JL. A novel arachidonic acid-selective cytosolic [37]

PLA ) Ca@)-d d | ion d in with-h Simon HU, Tsao PW, Siminovitch KA, Mills GB, Blaser K. Func-
> contains a Ca(Z)-dependent translocation domain with-ho tional platelet-activating factor receptors are expressed by monocytes
mology to PKC and GAP. Cell 1991;65:1043-51.

- ) ) T . and granulocytes but not by resting or activated T and B lymphocytes
Gijon MA, Leslie CC. Regulation of arachidonic acid release and

' ) LT . from normal individuals or patients with asthma. J Immunol 1994,
cytosolic phospholipase Aactivation. J Leukoc Biol 1999;65:330—-6. 153:364-77.

Rouzer CA., Kargman S. Translocation of 5.-Iip.oxygenase to the [38] Simon HU, Weber M, Becker E, Zilberman Y, Blaser K, Levi-
membrane in human leukocytes challenged with ionophore A23187. Schaffer F. Eosinophils maintain their capacity to signal and release

J Biol Chem 1988;263:10980-8. eosinophil cationic protein upon repetitive stimulation with the same

DiPersio JF, Billing P, Williams R, Gasson JC. Human granulocyte-

Cowburn AS, Holgate ST, Sampson AP. IL-5 increases expression of ligand. J Immunol 2000;165:4069—75.

5-lipoxygenase-activating protein and translocates 5-lipoxygenase to [39] jy MC, Dube LM, Lancaster J. Acute and chronic effects of a
the nucleus in human blood eosinophils. J Immunol 1999;163:456— 5-lipoxygenase inhibitor in asthma: a 6-month randomized multi-
65. center trial. Zileuton Study Group. J Allergy Clin Immunol 1996;98:
Radmark O, Shimizu T, Jornvall H, Samuelsson B. Leukotriege A 859-71.

hydrolase in human leukocytes. Purification and properties. J Biol [40] Leff JA, Busse WW, Pearlman D, Bronsky EA, Kemp J, Hendeles L,
Chem 1984;259:12339-45. Dockhorn R, Kundu S, Zhang J, Seidenberg BC, Reiss TF. Monte-
Beusenberg FD, Bonta IL, van Amsterdam JG. Cyclic-AMP level and lukast, a leukotriene-receptor antagonist, for the treatment of mild
eicosanoid release from alveolar macrophages are differentially af- asthma and exercise-induced bronchoconstriction. N Engl J Med
fected by high and low dose of platelet activating factor. Biochem 1998;339:147-52.

Pharmacol 1994,47:588-90. [41] Serhan CN, Haeggstrom JZ, Leslie CC. Lipid mediator networks in
Palmblad J, Lerner R, Larsson SH. Signal transduction mechanisms cell signaling: update and impact of cytokines. FASEB J 1996;10:
for leukotriene B induced hyperadhesiveness of endothelial cells for 1147-58.

neutrophils. J Immunol 1994;152:262-9. [42] Richardson RM, Ali H, Pridgen BC, Haribabu B, Snyderman R.
Crooks SW, Bayley DL, Hill SL, Stockley RA. Bronchial inflamma- Multiple signaling pathways of human interleukin-8 receptor A. In-
tion in acute bacterial exacerbations of chronic bronchitis: the role of dependent regulation by phosphorylation. J Biol Chem 1998;273:
leukotriene B. Eur Respir J 2000;15:274-80. 10690-5.

Fretland DJ, Gokhale R, Mathur L, Baron DA, Paulson SK, Stolzen- [43] Diverse-Pierluissi M, Mcintire WE, Myung CS, Lindorfer MA, Gar-
bach J. Dermal inflammation in primates, mice, and guinea pigs: rison JC, Goy MF, Dunlap K. Selective coupling of G protein beta
attenuation by second-generation leukotriengdteptor antagonist, gamma complexes to inhibition of €& channels. J Biol Chem

SC-53228. Inflammation 1995;19:333-46. 2000;275:28380-5.



[44]

[45]

[46]

O.A.R. Thomet et al. / Biochemical Pharmacology 61 (2001) 1041-1047 1047

Lin LL, Wartmann M, Lin AY, Knopf JL, Seth A, Davis RJ. cPLA

is phosphorylated and activated by MAP kinase. Cell 1993;72:269—
78.

Nemenoff RA, Winitz S, Qian NX, Van Putten V, Johnson GL,
Heasley LE. Phosphorylation and activation of a high molecular
weight form of phospholipase Aby p42 microtubule-associated
protein 2 kinase and protein kinase C. J Biol Chem 1993;268:
1960-4.

Pazdrak K, Schreiber D, Forsythe P, Justement L, Alam R. The
intracellular signal transduction mechanism of interleukin 5 in eosin-
ophils: the involvement of lyn tyrosine kinase and the Ras-Raf-1-

MEK-microtubule-associated protein kinase pathway. J Exp Med
1995;181:1827-34.

[47] Bates ME, Green VL, Bertics PJ. ERK1 and ERK2 activation by
chemotactic factors in human eosinophils is interleukin 5-dependent
and contributes to leukotriene C(4) biosynthesis. J Biol Chem 2000;
275:10968-75.

[48] Downward J, Graves JD, Warne PH, Rayter S, Cantrell DA. Stimu-
lation of p21ras upon T-cell activation. Nature 1990;346:719—-23.

[49] Cuvillier O, Pirianov G, Kleuser B, Vanek PG, Coso OA, Gutkind S,
Spiegel S. Suppression of ceramide-mediated programmed cell death
by sphingosine-phosphate. Nature 1996;381:800-3.



