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Analysis of Signal Transduction Pathways Regulating
Cytokine-Mediated Fc Receptor Activation on Human
Eosinophils*

Madelon Bracke, Paul J. Coffer, Jan-Willem J. Lammers, and Leo Koenderman

Igs can be potent stimulants of eosinophil activation since interaction with IgA or IgG-coated particles can lead to eosinophil
degranulation. We have investigated the comparative roles of mitogen-activated protein (MAP) kinases (MAPKs; ERK1/2 and
p38) and phosphatidylinositol-3 kinase (PI3K) in the priming and regulation of Fc receptor functioning on human eosinophils
utilizing a MAPK kinase (MEK) inhibitor (PD98059), a p38 inhibitor SB203580, and the widely used PI3K inhibitors wortmannin
and LY294002. We demonstrate that priming of human eosinophils with Th2-derived cytokines, IL-4 and IL-5, differentially
activate phosphotyrosine-associated PI3K and ERK and p38 MAP kinases. This activation can be inhibited by pre-incubation with
wortmannin or LY294002, PD98059, and SB203580, respectively. Analysis of the effects of the inhibitors on rosette formation
between human eosinophils and IgA- or IgG-coated beads revealed that activation of MEK was not required for IgA binding after
priming with IL-4 or IL-5. However, inhibition of MEK did inhibit IL-5-primed binding of IgG-beads. The rosette formation of
primed eosinophils with IgA-beads could be completely inhibited by wortmannin and LY294002 treatment, demonstrating a
critical role for PI3K. Interestingly, inhibition of the p38 pathway also resulted in a complete blockade of IgA rosette formation.
This work demonstrates regulatory control by inside-out signaling of Fc receptors by various cytokines on human eosinophils.
Thus in vivo the local production of Th2-derived cytokines will regulate the effector functions of Fc receptors. The Journal of
Immunology, 1998, 161: 6768—-6774.

defense against parasites, and the regulation of their acand Igs (10). These receptors are potent signaling molecules in

tivation through the interaction with cytokines and che- vitro, albeit optimal only after priming with cytokines or
moattractants is critical in regulating their functioning. Eosinophils chemotaxins (11, 12).
are also implicated in the pathogenesis of a variety of inflamma- Binding of cytokines to specific transmembrane receptors re-
tory diseases which are associated with tissue damage, for exampselts in intracellular increases in tyrosine phosphorylation and ac-
allergic asthma (1, 2). Although the exact role of eosinophils intivation of distinct signal transduction pathways (13). In vitro,
allergic inflammation remains to be elucidated, increased numbergriming of eosinophils with IL-5 potentates effector functions such
are regularly observed in peripheral blood of patients with allergicas respiratory burst activation, migration, and platelet-activating
asthma. Furthermore, in these individuals, eosinophils exhibit dactor release (14-17). Although compared with IL-5 little is
preactivated or “primed” state, indicated by an increased resporknown about effects of IL-4 priming on eosinophil function, it can
siveness toward distinct stimuli (3, 4). In addition, eosinophil-de-also serve as a priming agent for eosinophil chemotaxis (18). Fur-
rived products are found in lung tissue, such as active eosinophthermore, functioning of IgA Ig receptors on eosinophils is
cationic protein and major basic protein. The release of such toxistrongly modulated by both IL-5 and IL-4 (19), albeit with differ-
mediators results in destruction and damage of the respiratory e@nt activation kinetics.
ithelial tissue and can lead to airway hyperresponsiveness (5, 6). The receptor for Ig A is a possible candidate for final eosinophil
Also, production of toxic oxygen metabolites during the so-calledactivation at allergic inflammatory sites, since IgA is abundantly
respiratory burst and synthesis and secretion of bioactive lipid mepresent on mucosal surfaces and IgA-coated particles potently in-
diators contribute to airway hyperreactivity (7-9). duce eosinophil degranulation (20—22). Receptors for IgA are de-

Despite much knowledge concerning the effector functions ofscribed on many cell types, including monocytes, neutrophils, and
eosinophils in vivo, relatively little is known about the processeseosinophils (23—-25). At present not much is known about the ac-
that lead to activation of eosinophils in the bronchial compartmenttivation and functioning of FeRs on eosinophils in contrast with
Several mechanisms are involved in these processes, including attie better defined R&RIl (26). Binding of 1gG-coated magnetic

beads or 1gG-coated erythrocytes to eosinophils is sensitive for
Department of Pulmonary Diseases, University Hospital Utrecht, Utrecht, The Neth—prlmlng by “._-5. and.granulocyte-macrophage CSF, but not influ-
erlands enced by priming with IL-4 (19, 27).

To investigate which signal transduction pathways are involved in
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with 18 U.S.C. Section 1734 solely to indicate this fact. togen-activated protein kinases (MAPK); i.e., extracellular regulated
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E osinophilic granulocytes play an important role in host tivation via receptors for adhesion molecules, complement factors,
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kinase (ERK)-1, ERK2, and p38 kinase, in freshly isolated eosinoimmobilon-P and incubated with blocking buffer (Tris buffered saline/
phils from normal donors. Specific inhibitors of those kinases werefween 20 (TBST) supplemented with 1 mM EDTA and 0.6% BSA) with

; ; ; ; ; olyclonal phospho-p38 MAPK antisera. Detection was with ECL (Am-
usgd t(.) study the involvement of parjucular signaling pathways in thée)rsham, Rainham, U.K.). Blots were reprobed with p38 MAPK Ab.
activation of FeR and FeRIl on eosinophils.

. Preparation of Ig-coated magnetic dynabeads
Materials and Methods

Reagents Serum IgG and serum IgA were coated to uncoated magnetic dynabeads

(M-450, Dynal, Norway). Beads were washed twice with PBS (pH 8.5) and

Percoll was obtained from Pharmacia (Uppsala, Sweden). FMLP and OvArought to a concentration of 45 mg/ml. Proteins were added at a final
were purchased from Sigma (St. Louis, MO). Human serum albuminconcentration of 1 mg/ml to the beads and mixed overnight at 4°C. The
(HSA) and purified human serum IgG (without traces of other Igs) werenext day the beads were washed with borate buffer (0.5 M NaCl, 0.2 M
from the Central Laboratory of the Netherlands Red Cross Blood TransHsBOs, and 0.02 M NaOH, pH 8.6) and blocked with 0.1 M lysine mo-
fusion Service (Amsterdam, The Netherlands). Purified human serum IgAohydrochloride (pH 8.6) in borate bufferrf@ h atroom temperature.
(>20 mg/ml) was obtained from Cappel (Malvern, PA). It contained no After two washes with 0.1 M acetate buffer (pH 4), beads were washed
detectable trace of IgG, IgM, or non-lg serum proteins. Human rlL-5 wasonce with PBS with 1% (w/v) BSA. Until use, the beads were stored at 4°C
a gift from Dr D. Fattah (Glaxo/Wellcome, Stevenage, U.K.). IL-4 was a in PBS/BSA at a concentration of 30 mg/mi¥410° beads/ml). Before the
gift from Dr F. Kalthoff (Sandoz Forschungsinstitut, Vienna, Austria). Rab- rosette assay, beads were resuspended in 20% (w/v) HSA and left for 20
bit polyclonal ERK1 (C-16), ERK2 (C-14), and p38 MAPK (C-20) antisera Min at room temperature.

were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). The

antiphosphotyrosine polyclonal MAPK and p38 MAPK Abs were obtained Rosette assay

from New England Biolabs (Berverly, MA). Pharmacological inhibitors o - ’ . . .
. Purified eosinophils were washed with Caree incubation buffer con-
wortmannin, LY294002, PD98059, and SB203580 were purchased forn%aining 0.5 mM EGTA and brought to a concentration ok 8.C° cells/ml.

BioMol (Plymouth Meeting, PA). A 50 pl cell suspension (0.4< 10° cells) was incubated at 37°C. For
Isolation of eosinophils priming, IL-5 and IL-4 were added 1:10, with final concentrations of%L.0
M. Cells were incubated with IL-4 for 5 min and with IL-5 for 15 min at

Blood was obtained from healthy volunteers from the Red Cross Blood37°C. After priming, the beads were added in a ratio of 3.5 beads/cell. Cells
Bank (Utrecht, The Netherlands). Mixed granulocytes were isolated fromand beads were mixed briefly and pelleted for 15 s at 100 rpm. Normally,
the buffy-coat of 500 ml blood anticoagulated with 0.4% (w/v) trisodium eosinophils were incubated with beads during 30 min at 37°C. In the case
citrate (pH 7.4) as previously described (28). Mononuclear cells were reof |L-4 primed eosinophils, beads and cells were incubated together for
moved by centrifugation over isotonic Percoll (1.078 g/ml). After lysis of only 20 min. Longer incubation resulted in lower levels of binding, due to
the erythrocytes with an ice-cold NBI solution, the granulocytes were the transient effect of IL-4 priming, as described previously (19).
washed and resuspended in RPMI 1640 (Life Technologies, Paisley, U.K.) After incubation cells were resuspended vigorously and rosettes were
with 0.5% (w/v) HSA. evaluated under a microscope. All cells that had bound two beads or more

Granulocytes were incubated for 30 min at 37°C to restore the initialwere defined as rosettes. One hundred cells were scored, and the number of
density of the cells. Thereafter, the cells were washed and resuspended fy@ads that were bound to the cells was counted. The amount of beads
PBS supplemented with 0.5% HSA and 13 mM trisodium citrate, and in-bound to a total of 100 cells (bound and unbound to beads) was designated
cubated with FMLP (10 nM) for 10 min at 37°C to decrease the specificas the rosette index. Previously we have demonstrated that the rosetting
gravity of the neutrophils, but not that of the eosinophils. Subsequentlymethod with magnetic beads is very specific since 1) there is no apprecia-
eosinophils were obtained by centrifugation (20 min at 160@) over  ble background binding of eosinophils to control beads coated with OVA
isotonic Percoll (density 1.084 g/ml, layered on percoll with a density ofand 2) relevant blocking mAbs against Fc receptors inhibit the
1.1 g/ml), washed, and resuspended in incubation buffer (20 mM HEPESiesponse (19).
132 mM NacCl, 6 mM KCI, 1 mM MgSQ, 1.2 mM KH,PQ,, supplemented
with 5 mM glucose, 1.0 mM CagGland 0.5% (w/v) HSA). Purity of eo-  Inhibition of rosette assays with specific PI3K, MAPK kinase
sinophils was 97%=%0.5 SEM), and recovery was usually 80-90%. This (MEK), and p38 inhibitors
procedure leads to the isolation of relatively unprimed eosinophils com- '
pared with conventionally used isolation procedures with immunomagnetidor priming-inhibition studies, cells were pre-incubated with specific in-

beads (29). hibitors before priming with cytokines. Cells were incubated with PI3K
. inhibitors wortmannin and LY294002 for 15 min at final concentrations of
MAPK activity 20 nM and 1uM, respectively. The p38 inhibitor SB203580 was incubated

Eosinophils were isolated as described above and incubated at 37°C for 387 15 min at a concentration of AM, while incubation with the MEK
min. After pretreatment with or without PD98059, SB203580, LY294002, Inhibitor PD98059 was for 30 min at a concentration of 10 or.80.

or wortmannin and stimulation with IL-4 or IL-5, cells (2 10° cells) were _ .

washed twice in ice-cold PBS and lyzed in lysis buffer (50 mM Tris-Hcl, Statistical analysis

pH 7.5, 100 mM NaCl, 50 mM NaF, 5 mM EDTA, 40 mi-glycero-  pegyjts were expressed as meanSE. Statistical analysis was performed
phosphate, 1% Triton X-100) supplemented with;@, (1 mM), apro-  py 5ing paired and unpaired Studerittests.p values< 0.05 were con-
tinin (10 pg/ml), leupeptin (10ug/ml), and 1 mM PMSF. Lysates were  gigared as statistically significant.

precleared for 30 min at 4°C with protein A-Sepharose beads and subse-

quently, MAPK was immunoprecipitated with g of ERK1, ERK2, or

p38 polyclonal antisera fol h at 4°C on arotating wheel. Protein-A ~ResUlts

Sepharose was then added for a furtheh at4°C. After washing twice  PI3K inhibitors, wortmannin and LY294002, inhibit Ig binding

with lysis buffer with phosphatase inhibitors, samples were washed twicgq FcoRr but not to FoRll

with kinase buffer (30 mM Tris-HCI, pH 8.0, 20 mM Mg& 2 mM MnCl,

10 uM rATP, 10 uM MBP) without ATP. Precipitates were then incubated IgA and 1gG receptors on human eosinophils have been shown to
in 25 pl kinase buffer with 0.3.Ci [y->*P]ATP for 20 min at 30°C. Re-  be modulated differentially by priming with Th2-derived cytokines

action was stopped tl)y the "’;]dditi".“ M&a‘fmm" Samlp'e bulﬁer: Sam‘l)'es |L-4 and IL-5 (19). Stimulation of human eosinophils with optimal
were separated by electrophoresis on 15% SDS-polyacrylamide gels. MBconcentrations of both IL-5 (I(?) and IL-4 (108) leads to a

phosphorylation was detected by autoradiography. . . e D

. time-dependent, transient activation of the lipid kinase PI3K, as
p38 MAPK phosphorylation measured in antiphosphotyrosine immunoprecipitates (30). Prein-
Eosinophils were isolated as described above and incubated at 37°C for 3@ubation with 30 nM wortmannin, a relatively specific PI3K in-
min in incubation buffer. For detection of phosphorylation of p38 MAPK, hibitor, resulted in a complete inhibition of PI3K activation in
eosinophils (0.5< 10° per condition) were washed twice in ice-cold PBS eosinophils stimulated with IL-5.

after stimulation and lyzed in lysis buffer (1% Triton-X100, 50 mM Tris- . . . . L
Cl, pH 8.0, 100 mM NaCl) with phosphatase inhibitors and subsequently To mvestlgatg th_e lnvolvement O_f PI3K in the cytokine-induced
boiled for 5 min after addition of 8 sample buffer. Total cell lysates were F-C receptor activation on eosinophils, we performed rosette assays

analyzed on 15% SDS-polyacrylamide gels. Proteins were transferred tim the presence of wortmannin or LY294002, which both inhibit
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S . FIGURE 2. Effect of cytokines on the activation of MAPKs, ERK1 and
FIGURE 1. Effect of PI3K inhibitors, wortmannin and LY294002, on ERK2, in eosinophils and the effect of MEK inhibitor PD98059. Eosino-

the rosette formation of cytokine primed eosinophils with Ig-coated beads.

. . . ghils were incubated for 30 min at 37°C in the absence or presence of 50
Freshly isolated eosinophils from normal donors were pretreated for 1 M PD98059 and subsequently stimulated with IL-4(3.0-° M) or IL-5
min at 37°C with buffer (open bars), 20 nM wortmannin (gray bars), or iy q Y

o : ) . :
1M LY294002 (filled bars) and subsequently stimulated at 37°C with IL-4 (10" M) for 5 or 15 min, respe_ct_lvely._After stlmul_at!on the _ceIIs_ were
(10-° M) or IL-5 (10-° M) for 2 min or 15 min, respectively. After stim- lyzed and the MAPKs were specifically immunoprecipitated with either an

ulation, IL-4- and IL-5-primed cells were incubated for 20 and 30 min, ERK1 (A.) or ERK2 () Ab. Kinase apthlty was analyzed by the‘ phos-

. . . . phorylation of the substrate MBP, which was detected by autoradiography.
respectively, with magnetic dynabeads coated with human serumApA ( The experiment shown is representative of at least three experiments
or incubated with 1I9G bead8] for IL-5-primed cells. Binding of Ig beads '
to unprimed cells is presented by the control bars. Binding of beads is
expressed as rosette index (number of beads/100 cells). Mean values are . o )
presented- SE (1 = 4). A paired Student's test was used to perform a SPecific inhibitor of MEK, the upstream kinase mediating activa-
statistical analysis of each condition and the control. Statistical analysis ofion of ERK1 and ERK2 by p2%° (31, 32). Pretreatment of eo-
each priming condition and the effect of inhibitors on this priming revealedsinophils with PD98059 (5QuM) resulted in an inhibition of
that values indicated with differed significantly p < 0.05). ERK?2 activation after IL-5 stimulation as measured by MBP phos-

phorylation (Fig. 2Jower panel, lane B

PI3K activity through distinct mechanisms. Freshly isolated eo-Inhibition of MEK by PD98059 prevents binding of 1IgG but not
sinophils from normal donors only bind very weakly human serumigA to primed eosinophils
IgA-coated beads. Only 8% of the cells are able to form rosette

. L . . "%t is clear that ERK2 is activated in eosinophils after stimulation
(19). However, as shown previously, priming of eosinophils with

with IL-5 and this activation can be inhibited by PD98059. We

lsl‘of} ort ”‘k').s gr?n;atlcaltlydclganges lt:heAablllty ofbthese f;”sT(r?O_ thus studied the effect of the MEK inhibitor on Ig-rosette formation
bi c;)) 0 fIInG 9 'iogg deat s ( '9 ;Lc(;pen” a;é)(y( .)' | € with eosinophils to investigate whether the activation of ERKs is
inding of IgG-coated beads to unprimed cells (25%) is also Minvolved in the modulation of Ig receptors.

creased by pre-lncubathn with ”."5’ b.Ut ”"4. does not signifi- Interestingly, whereas PI3K appeared to be critical for binding
cantly change the capacity of eosinophils to bind IgG-beads (19)of IgA beads (Fig. &), activation of ERKs is not required for

As shown in Fig. A, blocking of PI3K activation with wortmannin o P . .
: . FcaR activation. Binding of IgA-coated beads to primed eosino-
(gray bars) or LY294002 (filled bars) completely inhibited the ro- phils was not inhibited by preincubation with 1M of the MEK

sette formation of IgA-coated beads with IL-4 or IL-5 primed eo- inhibitor, PD98059 (Fig. A, gray bars). Even a higher concentra-
§|nophlls. we havc_a previously demonsrated tha_t the_ concen_traﬁon, 50 uM, which completely inhibits ERK activation (Fig. 2)
tions of wortmannin and LY294002 used here inhibit PI3K in does not significantly effect rosette formation with IgA beads (Fig.

hur_nan' eosmophll_s (30)' This suggests a rolg fqr PISK in the Cy'SA, filled bars). However, 30-min incubation with PD98059 before
tokine-induced priming of IgA receptor functioning. In contrast,

the ability of IL-5 primed eosinophils to bind IgG beads is not
influenced by incubation with wortmannin or LY294002. (Fig.
1B). These results show that activation of the PI3K pathway is
involved in the specific priming of IgA-binding, but not crucial for
IL-5 induced priming of IgG-binding.

250
200

150

Phosphorylation and activation of MAPKs, ERK1 and ERK2, in
eosinophils after stimulation with Th2-derived cytokines IL-4
and IL-5

We have also studied the activation of ERK MAPKSs to determine
their role in Fc receptor stimulation. First, we analyzed the ability
of IL-4 and IL-5 to induce activation of MAPKs ERK1 and ERK2, FIGURE 3. Effect of MEK inhibitor PD98059 on the rosette formation of
which are both downstream targets of [f2kignal transduction.  cytokine primed eosinophils with Ig-coated beads. Eosinophils were pretreated
To measure the kinase activity of both ERK1 and ERK2 afterfor 30 min at 37°C in the absence (open bars) or presence@ill@ray bars)
stimulation, we specifically immunoprecipitated ERK1 or ERK2 or 50uM (filled bars) PD98059 and subsequently stimulated at 37°C with IL-4

and performed a kinase assay as describddaterials and Meth- (10~°M) or IL-5 (10~° M) for 2 min or 15 min, respectively. After stimulation
ods As shown in Fig. 2, ERK1 kinase activity was minimally primed cells were incubated with magnetic dynabeads coated with human

effected by stimulation with 1L-4 or IL-5, which is in agreement serum IgA @) or incubated with IgG bead8). The open bar déft represents
’ binding of Ig beads to unprimed cells as a control. Binding of beads is ex-

W't.h the unalltered Ievlells of phosphorylation of ,ERK]' In €osIno- pressed as rosette index (number of beads/100 cells). Mean values are pre-
phils (30). Kinase activity of ERK2 was clearly induced by IL-5 genteq+ SE (1 = 4). A paired Student'stest was used to perform a statistical
(107? M) stimulation but remained unaffected by IL-4 §610™°  analysis of each condition and the control. Values indicated withffered

M) (Fig. 2). We have utilized a pharmacological inhibitor of the significantly < 0.05) from values obtained with cells that were not pre-
p21®-ERK pathway, PD98059, which has been described as &eated with inhibitors (open bars).

100

Rosette Index

50

c IL-4 IL-5
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FIGURE 4. Phosphorylation and activation of p38 MAPK in eosinophils after stimulation with Th2-derived cytokines IL-4 and|&ffer stimulation

of the cells with either IL-4 or IL-5 (2< 10° per condition) for indicated time, eosinophils were washed with ice-cold PBS, lyzed in lysis buffer, and heated
for 5 min after addition of % sample buffer. Phosphorylation of p38 was detected using a polyclonal antiphospho-p38 antiserum for Western blot analysic
(upper panél and the blot was reprobed with a polyclonal anti-p38 Adwer pane). The experiment shown is representative of at least three experiments.

B, Kinase assays were performed with specifically immunoprecipitated p38 MAPK of IL<41® ° M; 5 min) or IL-5 (10~ ° M; 15 min) stimulated cells

in the presence or absence ofuM of SB203580. Kinase activity was analyzed by the phosphorylation of the substrate MBP, which was detected by
autoradiography. The experiment shown is representative of three experiments.

IL-5 stimulation resulted in a 60% decrease of IgG binding. LevelsnM concentration of SB203580 (FigAbmiddle panelgray bar),
of IgG binding to PD98059 treated and IL-5-stimulated cells wereand a higher concentration (M) of the inhibitor totally blocks
reduced to the levels of IgG binding to unprimed eosinophilsthe effect of IL-4 on rosette formation (FigASmiddle panelfilled
(Fig. 3B). bar). IL-5-primed binding of IgA beads is already completely in-
hibited by the lower concentration (100 nM) of SB203580 (Fig.
Th2-derived cytokines IL-4 and IL-5 stimulate phosphorylation  sa right pane| gray bar). In contrast, IL-5-induced modulation of
of p38 MAPK in eosinophils FcyRIl on eosinophils is not affected by pre-treatment with
Although p38 MAPK was initially described as being activated by SB203580 (Fig. B).
a variety of cellular stresses, it is now also known to be activated = .
in response to various inflammatory cytokines (33-35). We thuénh'bmon of p38 by LY294002 and wortmannin
studied the stimulation of p38 MAPK phosphorylation in human As suggested by Figs. 1 and 5, both activation of PI3K and p38
eosinophils. Phosphorylation of p38 after stimulation with IL-4 MAPK are involved in the modulation of k&R on human eosin-
and IL-5 was detected by Western blot analysis with an activationephils. Since inhibition of either PI3K or p38 MAPK activity re-
specific Ab that only interacts with T¥%phosphorylated p38. As sulted in a complete loss of IgA rosette formation, we questioned
shown in Fig. 4, upper panel a phosphorylated form of p38 is whether PI3K and p38 MAPK may be components of a single
clearly detected in eosinophils that are stimulated for 15 min withsignal transduction pathway activated upon Th2-cytokine stimula-
IL-5. However, stimulation with IL-4 induced a rapid but very tion. We investigated this possibility by performing p38 MAPK
weak, transient phosphorylation of p38 MAPK. In all donors assays with IL-5-primed eosinophils that were pretreated with the
tested, the phosphorylation of p38 had already diminished aftePI3K inhibitors LY294002 and wortmannin. As shown in Fig. 6,
5-min stimulation with IL-4. This in contrast with p38 phosphor- activation of p38 MAPK by IL-5 is blocked by inhibiting PI3K
ylation by IL-5 that remained for at least 25 min (data not shown).activation by both LY294002 (1.M) and wortmannin (30 nM),
Reprobing of the blot with p38 antiserum (FigAdower pane)
shows an equal amount of p38 protein in all lanes. Activation of
p38 MAPK is also shown in Fig.B Although the level of p38
MAPK activity in unprimed cells was variable (compare first lanes
of both panels in Fig.B and first lane in Fig. 6), an increase of p38
MAPK activity was detected both in IL-4- and IL-5-stimulated
cells. Cytokine induced p38 MAPK activation could be blocked
completely by 1uM of SB203580 (Fig. B, right lane of both
panels). This inhibitor, a pyridinyl imidazole compound, is a
highly selective inhibitor of p38 activity and has been used exten-

sively as a tool to evaluate p38 MAPK-dependent events in :
Vivo (36). c IL-4 IL-5 C L5

250
B a -

SB (100nM)
| SB(1uM)

200

150

100

Rosette Index

50

S - FIGURE 5. Effect of the p38 MAPK inhibitor SB203580 on the rosette
Inhibition of p38 by SB203580 prevents binding of IgA but not formation of cytokine primed eosinophils with Ig-coated beads. Cells were

IgG to primed eosinophils pretreated for 15 min at 37°C in the absence (open bars) or presence of 100
To study a potential role for the activation of p38 kinase in acti- M (gray bars) or 1uM (filled bars) SB203580 and subsequently stimu-
vation of Fc receptors by Th2-derived cytokines, we studied thdated at 37°C with IL-4 (10° M) or IL-5 (10~° M), for 2 min or 15 min, -
binding capacity of primed eosinophils after addition of respectively. Both IL-4- and IL-5-pr|med eosmc_)phlls were incubated with
SB203580. As shown in Fig. 5, inhibition of p38 in eosinophils IgA-coated beads for 20 and 30 min, respectivély. (For rosette assay

Its i triking diff in bindi iti f th lIs t with 1IgG-coated beads only IL-5-stimulated cells were used and compared
results in a strixing difference in binding capacities ot the celis 10,,;, binding of Ig beads to unprimed eosinophils. Rosette index is the

either IgA or 1gG beads. The effect of priming with both IL-4 and easyre of binding of the beads (number of beads/100 cells). Mean values
IL-5 on IgA binding appears to be abolished by incubation with gre presented: SE (1 = 3). Statistical analysis of each priming condition
SB203580. The effect of IL-4 priming on IgA rosette formation and the effect of inhibitors on this priming revealed that values indicated
(Fig. 5A) is dramatically decreased by pre-incubation with a 100with * differed significantly p < 0.05).
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- _IL5 This is the first report to show that IL-4 and IL-5 are able to
w2 ";;" 33:302_ activate p38 MAPK. Although p38 phosphorylation by IL-5 prim-
Seavanon ing seems to be much stronger, both IL-4 and IL-5 are able to

induce p38 kinase activity, as shown in Fig. 4. This demonstrates
.’ RO that downstream of the IL-4 and IL-5 receptors some signals con-
- verge at the level of p38 MAPK. The specific nature of these
IP: p38 signals remains to be elucidated. To examine if there was a role of

FIGURE 6. Effect of PI3K inhibitors LY294002 and wortmannin on P38 in IL-4- and IL-5-induced activation of Fc receptors, we uti-
p38 MAPK activation. After preincubation at 37°C with either buffer, lized the potent and highly selective inhibitor of p38 kinase,
LY294002 (1uM; 15 min) or wortmannin (30 nM; 5 min), eosinophils  SB203580 (36). This inhibitor has been useful in dissecting sig-
were subsequently stimulated with IL-5 (1DM) for 15 min. A kinase  naling pathways involved in inflammatory responses. Our data
assay was performed with specifically immunoprecipitated p38 MAPK'suggest that p38 activation also plays a role in the activation of Ig

Detection of the phosphorylation of the substrate MBP by autoradiographyfeceptors on human eosinophils. Cytokine-induced binding of IgA-
was a measurement for kinase activity. The experiment shown is repre- '

sentative of three experiments. coated beads to human eosinophils was blocked by inhibition of
p38 activation (Fig. 5), since incubation of the cells with
SB203580 before IL-4 or IL-5 stimulation leads to a complete
inhibition in IgA binding. The kinetics of IL-4 priming on rosette

suggesting that indeed PI3K and p38 MAPK are activated in thdormation with IgA beads correlate with the fast induction of p38

same signal transduction pathway and that p38 MAPK is activate®APK phosphorylation by IL-4. This is different for IL-5-induced

downstream of PI3K. p38 and ERK phosphorylation and IgA-binding, which is much
slower and remains activated for a longer duration.
Discussion The fact that inhibition of either the p38 MAPK or PI3K path-

. . L . way results in loss of IgA binding after priming demonstrates that
The phenqtype of actlvated. GOSInO‘thS in vivo is well dfss’cr'b,e,dboth pathways are involved in modulation of the IgA receptor on
and much is known concerning the importance of the eosinophil Ir]eosinophils. It is tempting to speculate that p38 and PI3K might be

inflammatory diseases such as allergic asthma. It is also clear th%th components of one signal transduction pathway that is acti-
cytokines and chemoattractants are important modulators of €Qjated by both IL-4 and IL-5 and utilized for the priming of &R

sinophil func_tlons in vivo, and_several s_lgnal FranS(_juctlon IOath'activation. Since PI3K is a lipid kinase that is activated by trans-
ways are activated in eosinophils after stimulation with these ago:

nists (30, 37). However, little is known about the molecular location to the membrane, it is not likely that it will act down-
mechanisms that finally lead to activation of eosinophils at specifics'tre"jlm tOL Essk ACtIV&iIO? %f3p38 g{] PISK ha: prtek\]/ |(t)usél38/ ’\t/)IeAePnK
sites of inflammation. The hypothesis that there might be spatia?ugge§ ed oy _rt:jmpdeba. (d ), and here we s 0‘?’ ap .
and temporal regulation of eosinophil priming by different cyto- ac'Flvatlon. can indeed be a OV\{nstream Farget of PI3K in €osino-
kines is an interesting concept to understand eosinophil activatioH.h”S' Act!vatlo_n of p38 MAF.)K.'S dramatlcally_ decreased in eo-
in patients with allergic diseases. As shown previously, receptor inophils n WhI_Ch PISK actmt)_/ is blocked by either LY.294002 or
for IgA and 1gG on human eosinophils are differentially modulatedVvortmam.nln .(F'g' 6), suggesting that under thgse qrcumstances
by Th2-derived cytokines IL-4 and IL-5 (19). In this study we PI3K activation is necessary for proper p38 activation.

show that IL-4 and IL-5 activate Ig receptors by means of different . Wefha;e als((j) sggwn that In.cpntcriast Wi,thﬂlgA bin(:]ing,ﬁinhibif-
signal transduction pathways. tion of PI3K and p38 MAPK activity do not influence the effect o

Binding of IL-5 to its receptor on eosinophils directly results in IL-5 on binding of IgG beads, suggesting that neither one of these
association and activation of members of the JAK/STAT pathwayPatnways plays a major role in #&ll modulation by IL-5. Mod-
and phosphorylation and activation of several kinases (37, 38)_111Iat|on of ECyR_II functioning seem to require ot_her s_lgn_al_s_lnclud-
including the tyrosine kinase Lyn (37) as well as PI3K (30). The!Nd the activation of the p23™-ERK pathway, since inhibition of
IL-4R signals through a complex network of signaling moleculesthis pathway with PD98059 results in a complete reduction of IgG
(reviewed in Refs. 39 and 40) including members of JAK/STAT rosette formation af?er stlmulatlon_wnh IL-5. Th.erejfore, it is not
pathway (41); PI3K (42); specific cellular substrates such as insuSUrPrising that IL-4 is not able to induce 1gG binding to eosino-
lin receptor substrate-2 (43, 44) and Cbl (45); and protein kinaseBNilS (19), since IL-4 it cannot activate the pZlpathway (54).
including Fes (46). In contrast with IL-5, IL-4 is unable to activate N Fig. 7, a model is presented for the hypothesis that selective
the p212s pathway, and ERK1 and ERK2 are not activated by IL-4 production of Th2-derived cytokines can lead to activation of dif-
stimulation (47). Although tyrosine phosphorylation of multiple ferent Ig receptors. This model predicts the distinction between
proteins and PI3K activation by IL-4 stimulation are described inFcaR and FoRIl activation and the general signal transduction
several cells and cell lines, very little is known about IL-4 signal- Pathways initiated by IL-5 compared with the more restricted ac-
ing in human eosinophils. tivities of IL-4. The control of receptor activation by priming

As previously described IL-4 and IL-5 are potent activators of might be a critical process for the final activation of eosinophils.
PI3K (IL-4 and IL-5) and ERK2 (IL-5) (30), but this is the first The regulation of Fc receptor affinity on eosinophils is analogous
report demonstrating p38 MAPK activation in eosinophils. p38to the activation of integrins by diverse cellular stimuli. Both re-
MAPK (also known as CSBP, RK, and HOG1) is a recently iden-ceptor types are controlled by inside-out signaling generated from
tified protein kinase that shares sequence similarity with othecytokine/chemotaxis receptors. Although inside-out signaling is
MAPKs. p38 MAPK is activated by the dual specific kinase now well established for integrins (55), this is a novel concept for
MKK3 following exposure to products of microbial pathogens, Fc receptors.
environmental stress and pro-inflammatory cytokines (34, 48, 49). Despite the clear phenotype of cytokine-activated eosinophils in
It has previously been shown to be activated by cytokines such athe context of Ig binding, not much is known about the mecha-
TNF-a, IL-1, and granulocyte-macrophage CSF in humannisms responsible. Several possibilities can be suggested: 1) a con-
neutrophils (36, 50-52). formational change of the receptor, leading to an affinity switch to
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. Gleich, G. J. 1990. The eosinophil and bronchial asthma: current understanding.

J. Allergy Clin. Immunol. 85:422.

. DeChatelet, L. R., P. S. Shirley, L. C. McPhail, C. C. Huntley, H. B. Muss, and

D. A. Bass. 1977. Oxidative metabolism of the human eosinoplobd 50:525.

. Barnes, P. J,, K. F. Chung, and C. P. Page. 1988. Platelet-activating factor as a

mediator of allergic diseasd. Allergy Clin. Immunol. 81:919.

. Henderson, W. R. J. 1994. Role of leukotrienes in astima. Allergy 72:272.
. Kroegel, C., J. C. Virchow, W. Luttmann, C. Walker, and J. A. Warner. 1994.

Pulmonary immune cells in health and disease. . The eosinophil leuc@ayte.
Respir. J. 7:519.

. van der Bruggen, T., P. T. Kok, J. A. Raaijmakers, J. W. Lammers, and

L. Koenderman. 1994. Cooperation between+Feceptor Il and complement
receptor type 3 during activation of platelet-activating factor release by cytokine-
primed human eosinophild. Immunol. 153:2729.

Mengelers, H. J., T. Maikoe, J. A. Raaijmakers, J. W. Lammers, and
L. Koenderman. 1995. Cognate interaction between human lymphocytes and eo-
sinophils is mediated bg,-integrins and very late antigen-4. Lab. Clin. Med.
126:261.

13. Kishimoto, T., T. Taga, and S. Akira. 1994. Cytokine signal transduc@ei.

receptor priming on human eosinophils. The presence of specific Th2-

derived cytokines can lead to activation of different Ig receptors. For ex-14.

ample, the presence of IL-5 in the eosinophil environment might lead to a
broad range of effects, including activation ofdRt and Fe/RIl receptors.

In contrast, the effects of IL-4 priming are more restricted, leading via
activation of p38 MAPK and PI3K to FdR activation.

16.

a higher affinity for Ig (56), and 2) membrane expression of re-17.

ceptors that are stored in secretory granules and released upon
triggering of the cells with cytokines. It has been described for
neutrophils that priming results in rapid mobilization of subcellular

granules to cell surface to increase the number of granule associ®:

ated receptors (57). 3) During activation of leukocytes, co-capping

or clustering of integrin and Fc receptors can lead to an avidity19.

switch (58). 4) Cytokine-induced activation of Ig receptors on eo-
sinophils might be caused by inhibition of an inhibitory signal

which keeps the receptor in a nonfunctional state. A suppressiveo.

regulation has been suggested to explain the default highly actiz-
vated state of integrin, 85 when it is purified, in contrast with the
moderate affinity state of cellular,3; (59). The hypothesis of an
“inside-out suppressor” is supported by the finding that adding2
protein kinase C inhibitors to eosinophils leads to increased re-
sponsiveness of opsonized particles (60). Additional experiments

will be necessary to determine the precise nature of the signal%“'

mediating these effects.

In conclusion, activation of Fc receptors appear to be a tightly25.

regulated process of inside-out signaling from cytokine receptors

leading to receptor activation. Production of specific cytokines byse.

Th2 lymphocytes leads to either a generalized priming phenotype
(IL-5/PI3K, p38 MAPK, and ERK2) associated with activation of
Ig receptors and integrin receptors or a restricted phenotype (IL-
4/PI13K and p38 MAPK) leading primarily to enhanced IgA recep-
tor functions. Elucidation of the mechanisms generated by thé
aforementioned receptor-activated signals will lead to insight into
the mechanisms of eosinophil priming occurring in allergic dis- -
eases in vivo.
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