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Participation of Interleukin-5, Interleukin-8 and Leukotriene
B, in Eosinophil Accumulation in Two Different
Experimental Models
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There are several experimental models describingvo eosinophil (EO) migration, including ip
injection of a large volume of saline (SAL) or Sephadex beads (SEP). The aim of this study was to
investigate the mechanisms involved in the EO migration in these two models. Two consecutive injec-
tions of SAL given 48 hr apart, induced a selective recruitment of EO into peritoneal cavity of rats,
whichpeaked 48 hr after the last injection. SEP, when injected ip, promoted EO accumulation in rats.
The phenomenom was dose-related and peaked 48 hr after SEP injection. To investigate the mediator:
involved in this process we showed that BW A4C, MK 886 and dexamethasone (DXA) inhibited the EO
migration induced by SAL and SEP. To investigate the source of the EO chemotactic factor we showec
that mast cells, macrophages (MO), but not lymphocytes, incuipatéch in presence of SAL released
a factor which induced EO migration. With SEP, only mast cells release a factor that induced EO
migration, which was inhibited by BW A4C, MK 886 and DXA. Furthermore, the chemotactic activity of
SAL-stimulated mast cells was inhibited by antisera against IL-5 and IL-8 (interleukin). SAL-stimulated
MO were only inhibited by anti-IL-8 antibodies as well SEP-stimulated mast cells. These results suggest
that the EO migration induced by SAL may be dependent on resident mast cells and MO and mediatec
by LTB,, IL-5 and IL-8. SEP-induced EO migration was dependent on mast cells and may be mediated
by LTB, and IL-8. Furthermore, IL-5 and IL-8 induced EO migration, which was also dependent on
resident cells and mediated by L,TBn conclusion, EO migration induced by SAL is dependent on mast
cells and MO, whereas that induced by SEP is dependent on mast cells alone. Stimulated mast cell:
release LTB, IL-5 and IL-8 while MO release LT&nd IL-8. The IL-5 and IL-8 release by the SAL or
SEP-stimulated resident cells may act in an autocrine fashion, thus potentiatipgeldase.
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Eosinophils are thought to play an importantesses. Several experimental models describing
role in many inflammatory and allergic diseasegosinophil migration into the extravascular space
such as asthma (Barnes et al. 1988, Gleich 199@)ve been reported. These models include the in-
atopic dermatitis (Leiferman et al. 1985), allergigection of polymyxin B (Sun et al. 1985), alum
rhinitis (Bascon et al. 1989) and parasitic infecadjuvant (Walls 1977), antigen-coated latex
tions (Kay 1985). Although eosinophils are in-(Schriber & Zucker-Franklin 1974), parasitic lar-
volved in host defense mechanisms against paraae or their extracts (Auriault et al. 1983) and large
sites (Capron 1992), they can cause damage Yolumes of physiological saline (Cook et al. 1987).
mammalian tissues through a variety of mechadowever, the endogenous mediators responsible
nisms, including the release of granule-deriveébr eosinophil recruitment to the site of inflamma-
cytotoxic proteins (Gleich et al. 1988) and the gertion have not yet been fully characterized. Further-
eration of toxic oxygen radicals (Davies et almore, intravenous injection of Sephadex has been
1984). Thus, understanding the mediators involveshown to induce blood and lung eosinophilia in
in eosinophil migration may allow us to developrats and may contribute to bronchial hyperreactiv-
procedures for treating various pathological proity in vivo (in rats) andex vivo(in guinea pigs)

(Spicer et al. 1990, Maghni et al. 1993). The mecha-
nisms by which these beads induce eosinophilia
also need to be further elucidated.
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(IL-5) (Lopez et al. 1988, Sehmi et al. 1992), 20— a ; B *0
interleukin-2 (IL-2) (Rand et al. 1991, Meacock et - Ao * oLl -
al. 1991), interleukin-8 (IL-8) (Collins et al. 1993), & 1s} 1.~ 115 E
Rantes (Kameyoshi et al. 1992), eotaxin (Jose e£ 4 !
al. 1994) and factors derived from mast cellsz 10l liog %
(Holgate 1991, Raible et al. 1992), lymphocytes 2 S ;51
(Berman & Weller 1992) and macrophages (Leeg 05 L e o | 05 2
& Lane 1992) are known to induce eosinophil mi- § o R
grationin vivo andin vitro. LTB,, IL-5, IL-8 and

PAF have been also detected at the site of inflam-  *° % (hal [ oi5 (}z_’alu )oLs o0

matory and allergic reactions (Resnick & Weller
1993). However, it is not yet established whether

these mediators are direct chemoattractants or act | g ¢ aEh .
indirectly by stimulating the release of other eosi-1, 1 . l [ L
: ) . B I . o—® lis5 E
nophil chemotactic factors from resident cells. ¢ ., ° [ 1/ ©
The aim of this study was to investigate the 3 :/ | -
mediators involved in eosinophil migration induced 3 ® 10 A
by a large volume of saline and by Sephadex beads 10! / 5
and the mechanisms by which these mediators ing ¢ 105 &
duce eosinophil recruitment to the peritoneal cav-~ .(0/ o o} =
ity of rats. 0.0 L—+——t ; —————+—+— 0.0
Figure 1a shows that two consecutive injections C hours) ‘ (?fg/lc'gvif;; 0

of saline (SAL: 0.15 M) at 48 hr intervals induced

significant eosinophil migration into the peritonealig. 1: induction of eosinophil migration by injection of large
cavity of naive rats 48 hr after the second injedll:olumes of saline or Sephadex into the peritoneal cavity of rats.
. . L . . ime-course of the eosinophil migration induced by two con-
Flon' EO_SW‘Oph” mlgrqtlon was n,Ot 'nﬂuen_ced b_ysecutive injections of 5 ml PBS ( control), saline (SAL, panel
increasing concentrations of sodium chloride (Figs, s) or a single injection of 2 ml Sephadex (SEP, panel)c,
1b). Thus, the concentration of SAL used in suland dose-response curve of eosinophil migration induced by
sequent experiments was fixed at 0.15 M. In corfaline (panel b) or Sephadex (panel d) injection into rat perito-

trast to saline, PBS did not promote eosinophil rnir_leal cavities evaluated 48 hr after the injection of Sephadex or

- . - . "after the last injection of saline. The results are presented as
gration. Therefore, to investigate the mechanismeans + SEM for six animals per group. The asterisk indicates
by which saline induced eosinophil migration, wea significant difference between the saline or Sephadex and PBS
added various ions to SAL in order to reconstitut@roups (p<0.05; ANOVA followed by Bonfferoni’s t test).

the PBS ion concentration. The addition of potas-

sium chloride (but not phosphate) blocked the abil- With Sephadex, it was observed that intraperi-
ity of SAL to induce eosinophil migration as showntoneal injection of this stimulus promoted time-de-
by the eosinophils/ml of peritoneal wash fluidpendent eosinophil accumulation (Fig. 1c, d).
(means + SEM): control (PBS), 0.17 + 0.05%10 To investigate the mediators involved in eosi-
SAL, 1.1 + 0.06x16; SAL+ phosphate, 1.4 + nophil migration induced by saline and Sephadex,
0.3x1®; SAL + potassium chloride, 0.3 +0.1t0 the effect of anti-inflammatory drugs on the eosi-
and SAL+ potassium chloride + phosphate, 0.4 fiophil migration induced by both stimuli was
0.1x1@ (*p < 0.05, n=6, Student’s t-test). A simi- evaluated. Pretreatment of the animals with a PAF
lar inhibition of the ability of SAL to induce thie  antagonist (BN 52021, 20 mg/kg/day) or a
vitro release of a chemotactic factor for eosinocyclooxygenase inhibitor (indomethacin, 5 mg/kg/
phils by mast cells or macrophages (see bellovdday) had no effect on eosinophil migration while
was seen by correcting the potassium concentrde 5-lipoxygenase inhibitors BW A4C (20 mg/
tion to the corresponding values for PBS. Th&g/day) and MK 886 (1 mg/kg/day) and the gluco-
mechanism by which SAL induced timevitro re- ~ corticoid, dexamethasone (0.5 mg/kg/day) inhib-
lease of the eosinophil chemotactic factorsnor ited migration induced by either stimulus (Fig. 2).
vivoeosinophil migration may involve an alterationThus, PAF-acether and cyclooxygenase products
of cell membrane properties resulting from a deSeem not to be involved in SAL or Sephadex-in-
crease in the potassium ion concentration in tH&ced eosinophil migration since BN 52021 or in-
extracellular environment. Potassium chloride iomethacin did not affect the response. The me-
known to play a role in the control of the restingator involved in eosinophil migration induced by

membrane potential (Cook 1988, Janiszewski etAL or Sephadex appears to be a S-lipoxygenase
al. 1992). product since the migration was inhibited by pre-
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Fig. 2: BW A4C, MK 886 and dexamethasone, but not BN~ig. 3: rat peritoneal resident cells release an eosinophil chemo-
52021 or indomethacin, inhibited threvivo eosinophil migra-  tactic factor when incubated with saline or Sephadex. Mast cells
tion induced by saline or Sephadex. The open bar shows taad macrophages, but not lymphocytes, incubated with saline
eosinophil migration induced by two injections of saline (SAL,(panel a) released an eosinophil chemotactic factor into the su-
panel a) or Sephadex (SEP, panel b) into PBS-pretreated apernatant. Mast cells but not macrophages or lymphocytes in-
mals. The hatched bars represent the eosinophil migration gubated with Sephadex (panel b) released an eosinophil chemo-
rats pretreated with BN 52021 (20 mg/kg/day), indomethaciractic factor into the supernatant. The supernatants were
(IND, 5 mg/kg/day), BW A4C (20 mg/kg/day), MK 886 (MK, ultrafiltered and resuspended in the same volume of PBS. Eosi-
1 mg/kg/day) and dexamethasone (DXA, 0.5 mg/kg/day). Eosirophil migration was evaluated 6 hr after injection of the su-
nophil migration was evaluated 48 hr after the injection of SEBernatant. The dashed line represents the number of eosino-
or after the last injection of SAL. The dashed line representshils in rats injected with PBS. The results are presented as
the number of eosinophils in rats injected twice with PBS. Theneans + SEM for six animals per group. The asterisk indicates
results are presented as means + SEM for six animals per grosjgnificant differences in eosinophil migration induced by SAL
The asterisk indicates significant inhibition compared to the reer SEP and PBS supernatants (p<0.05; ANOVA followed by
sponse with saline or Sephadex (p<0.05; ANOVA followed byBonfferoni's t test).

Bonfferoni’s t test).

treatment of the animals with BW A4C and MKamethasone (1AM), but not with indomethacin
886. LTB, is a plausible candidate since it induceq10 uM) or BN 52021 (10QuM), inhibited the re-
eosinophil migration in our model (data not shown)iease of the eosinophil chemotactic factor into the
as well as in ain vitro assay. In this context, the supernatants of these cells stimulated by SAL
association between hypersensitivity reactions, th&ig. 4a, b). Together with the vivoexperiments,
presence of eosinophils and the detection of L TBthese results suggest that eosinophil migration in-
in lung tissue has been recently suggested. duced by saline is mediated by L Bvhich is re-

In order to investigate the role of resident periteased by the resident mast cells and macrophages.
toneal cells in SAL- or Sephadex-induced eosindn the Sephadex model, the pretreatment of mast
phil migration, isolated peritoneal mast cells, perieells with MK 886 (1uM) or dexamethasone (10
toneal macrophages, or lymphocytes collected fromM), but not with indomethacin (1aAM), inhib-
the thoracic duct were preincubated with PBS, SAlted the release of the eosinophil chemotactic fac-
or Sephadex and the ability of the supernatants tor into the supernatant of mast cells stimulated by
induce eosinophil migration was tested. The susephadex (Fig. 4c). Together with thevivodata,
pernatants of mast cells and macrophages incubatbése results support the suggestion that,LiEB
with SAL, but not with PBS, induced significantan important mediator of SAL- or Sephadex-in-
eosinophil migration 6, 24 and 48 hr after injecduced eosinophil migration. To investigate whether
tion into the peritoneal cavities of naive rats. Irtytokines are also involved in eosinophil migra-
contrast, the supernatant of lymphocytes incubateibn induced by SAL or Sephadex, the effect of
with SAL was unable to induce eosinophil migrapretreatment of saline-stimulated mast cell or mac-
tion (Fig. 3a). In the Sephadex model, only theophage supernatants and Sephadex-stimulated
supernatant from Sephadex-stimulated mast celfsast cell supernatants with control serum or anti-
induced significant eosinophil migration when inserum against IL-1-3, TNE; IL-5 or IL-8 was
jected into the peritoneal cavities of naive rats (Figletermined (Fig. 5). Incubation of the supernatants
3b). These data suggest that the eosinophil migritem saline- or Sephadex-stimulated mast cells or
tion induced by SAL is dependent on resident maenacrophages with antibodies against IL-1-3 and
rophages and/or mast cells whereas that inducg@®lF-a had no effect on the subsequent eosinophil
by Sephadex only depends on mast cells. migration. In contrast, incubation of supernatants

The pretreatment of mast cells or macrophagdeom saline-stimulated mast cells with antibodies
with BW A4C (100uM), MK 886 (1LuM) or dex- against IL-5 or IL-8 abolished its ability to induce
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to IL-8 inhibited the eosinophil chemotactic activ-
ity (Fig. 5¢). All antisera were active at the con-
centration used since they inhibited the ability of
their respective cytokines to induce eosinophil or
neutrophil migration into the peritoneal cavity of
naive rats (data not shown). Until now, we have
observed that, in addition to L],Bmast cells in-
cubated with saline release IL-5 and IL-8, whereas
macrophages release IL-8. In the Sephadex model
mast cells release LTBand IL-8.

Fig. 4 BW A4C, MK 886 and dexamethasone, but not BN 1€ Next question was related to the mecha-
52021 or indomethacin, inhibited the release of eosinophflism which regulated eosinophil migration induced

chemotactic factor by mast cells and macrophages incubatesy; |-5 or IL-8. As such, the administration of
with saline or by mast cells incubated with sephadex. The bagE_S induced a specific and dose-dependent eosi-
represent the eosinophil migration induced by the injection of

ml of the supernatant of mast cells (a) or macrophages (b) stimd@Phil migration (3-25 ng/animal), which was al-
lated with saline alone (open bars) or supernatant of mast cefieady significant 6 hr after cytokine injection, and
(c) stimulated with Sephadex alone (open bars). The hatchegmained high for up to 24 hr. The dose-response

bars represent the cells stimulated with saline or Sephadex plggrye induced by IL-8 was bell-shaped. At the
BN 52021 (100uM), indomethacin (1QM), BW A4C (100

LM), MK 886 (1M) or dexamethasone (10M). The dashed qlose of 20 ng/rat, S|gn|f|cant eosinophil migra-
line represents the number of eosinophils after the injection $foN was observed, while at doses of 5, 10 and 40

3 ml of PBS alone (control). The results are presented as meadng/rat the eosinophil migration observed did not
+ SEM for six animals per group. The asterisk indicates signifigiffer from that induced by PBS. The migration

cant differences between the group incubated with saline #duced by 20 ng IL-8 only peaked 24 hr after in-

Sephadex alone and the groups trea_ted with various dru?es ti fth toki d ret dt trol lev-
(p<0.05; ANOVA followed by Bonfferoni’s t test). cuon orthe cytokine and returned to 90” I’O. eV,

els after 48 hr (data not shown). Eosinophil mi-

gration induced by IL-5 or IL-8 may have been

chemotactic activity of supernatants of salineMK 886 or dexamethasone. The IL-5-induced eosi-
stimulated macrophages was only inhibited by thBoPhil migration was also blocked by BW A4C,
antibody to IL-8 (Fig. 5b). In the supernatants fronnother 5-lipoxygenase inhibitor (Fig. 6). We also

Sephadex-stimulated mast cells only the antibodipvestigated the role of resident peritoneal cells in
-5 or IL-8-induced eosinophil migration. Eosi-

nophil migration induced by IL-5 or IL-8 was in-
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Fig. 5: the effects of antiserum against IL-1, TNF, IL-5 and IL- -~ BW MK DXA - MK DXA

8 on the eosinophil chemotactic activity of supernatants from
mast cells and macrophages incubated with saline or from mast
cells incubated with Sephadex. The bars represent the eosiritlg. 6: BW A4C, MK 886 and dexamethasone inhibited the
phil migration induced by the injection of the supernatants froneosinophil migration induced by IL-5 or IL-8. The open bars
mast cells (a) or macrophages (b) previously incubated witshow the eosinophil migration induced by IL-5 (25 ng/cavity)
saline. Panel c represents the eosinophil migration induced loy IL-8 (20 ng/cavity) in PBS-pretreated animals. The hatched
injection of the supernatant from mast cells incubated wittbars represent the eosinophil migration in rats pretreated with
Sephadex. The supernatants were pretreated with PBS (-), cdiK 886 (MK, 1 mg/kg), BW A4C (BW, 20 mg/ kg) or dexam-
trol serum (CS) or with IL-1, TNF, IL-5 or IL-8 antiserum be- ethasone (DXA, 0.5 mg/kg). Eosinophil migration was evalu-
fore injection. Eosinophil migration was evaluated 6 hr afteated 24 hr after the injection of IL-5 or IL-8. The dashed line
injection of the supernatants. The asterisks indicate significanépresents the number of eosinophils in rats injected twice with
differences between the group incubated with PBS (-) and tHeBS. The asterisks indicate significant inhibition compared to
groups treated with a given antiserum (p<0.05; ANOVA fol-the response in the nontreated groups (-) (p<0.05; ANOVA fol-
lowed by Bonfferoni’s t test). lowed by Bonfferoni’s t test).

L5 IL-8
(25 ng/cavity) (20 ng/cavity)
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prior depletion of the all resident cells by lavage 1988. The eosinophil as a mediator of damage to
of the peritoneal cavity (data not shown). These respiratory epithelium: a model for bronchial hyper-
data suggest that the eosinophil migration induced reactivity.J Allergy Clin ImmunoB1: 776-781.

by IL-5 or IL-8 is also dependent on the residengleich GJ 1990. The eosinophil and bronchial asthma:
peritoneal cells current understanding. Allergy Clin ImmunoB5:

. A . 422-435.

Iﬂllconlclus!on, .Otér rescgjl'és Indllqzate_that the €0Skakansson L, Westerlund D, Venge P 1987. New method
nophil migration induced by saline is dependent ¢, the measurement of eosinophil migratidheu-
on resident mast cells and macrophages, whereas kocyte Biol2 689-696.
that induced by Sephadex is only dependent foigate ST 1991. The mast cell and its function in aller-
mast cells. Stimulated mast cells release L. TE- gic diseaseClin Exp Allergy21: 11-16.
5 and IL-8 and macrophages release J&Bd IL-  Janiszewski J, Huizinga JD, Blennerhassett MG 1992.
8. IL-5 and IL-8 released by the saline- or Mast cell ionic channels: significance for stimulus
Sephadex-stimulated resident cells may act in an - Sécretion couplingcan J Physiol Pharmacal:

autocrine fashion, thus potentiating the L,Ti8- . .
lease. Jose PJ, Griffiths-Johnson DA, Collins PD, Wash DT,

Mogbel R, Totty NF, Truong O, Hsuan JJ, Willians
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