Clin Exp All 2002; 32:633-640

Cysteinyl leukotriene-dependent interleukin-5 production leading to eosinophilia
during late asthmatic response in guinea-pigs
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Summary

Background Allergic airway eosinophilia is suppressed by cysteinyl leukotriene (CysLT) receptor
(CysLT; receptor) antagonists in several species including humans and guinea-pigs, suggesting that
CysLTs are directly or indirectly involved in induction of the response.

Objective  We examined the effect of CysLT antagonists (pranlukast and MCI-826) on antigen
inhalation-induced eosinophilia in peripheral blood and lung, and on IL-5 activity in serum during
late increase of airway resistance (late asthmatic response, LAR) in sensitized guinea-pigs.
Methods Guinea-pigs inhaled ovalbumin (OVA) + Al(OH); and OVA mists alternately for sensi-
tization and challenge, respectively, once every 2 weeks. At the fifth challenge, the effects of CysLT
antagonists and an anti-IL-5 antibody (TRFK-5) on the occurrence of LAR, and blood and lung
eosinophilia, which appeared at 5 h after challenge, were examined. The time-course of IL-5 activity
in the serum after the challenge was evaluated by measuring in vitro ‘eosinophil survival prolongation
activity’. The influence of CysLT antagonists on IL-5 activity was assessed.

Results  CysLT antagonists and TRFK-5 completely abolished blood and lung eosinophilia. LAR
was suppressed by both MCI-826 and TRFK-5 by 40-50%. Sera obtained from sensitized, chal-
lenged animals 3 h and 4 h after challenge induced an obvious prolongation of eosinophil survival.
The activity of the sera was completely neutralized by prior exposure to TRFK-5, suggesting that it
reflected IL-5 activity. Increased IL-5 activity in the serum was inhibited by both pranlukast and
MCI-826 by over 90%.

Conclusions CysLTs produced after antigen provocation sequentially induced IL-5 production
from some immune component cells via CysLT; receptor activation. Thus, it is likely that CysLTs
indirectly cause antigen-induced eosinophilia through IL-5 production.
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Introduction

The late asthmatic response (LAR) is one of the characteristic
features of allergic bronchial asthma in addition to the early
asthmatic response (EAR) and bronchial hyper-responsiveness.
Suggested causes of LAR are related to lung eosinophilia [1,2].
The migration of eosinophils into the airway is thought to be
due to the release of chemotactic factors such as IL-5[3], eotaxin
[4] and lipid mediators [5,6] from activated immunocomponent
cells. Of lipid mediators formed in the allergic reaction, the
cysteinyl leukotrienes (CysLTs), LTC4, LTD4 and LTE,, may
play a significant role in eosinophil infiltration into the airways
of several species including humans [7] and guinea-pigs [8,9].
Underwood et al. [9] have indicated that a single exposure to
LTD, at high doses causes CysLT; receptor-mediated airway
eosinophilia in guinea-pigs and that an anti-IL-5 antibody
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(TRFK-5) completely inhibited it, suggesting that the eosino-
philia induced by LTD, inhalation depends on IL-5 production.
In addition, antigen-induced eosinophilia in the lung tissue of
sensitized guinea-pigs is suppressed by both CysLT; receptor
antagonists [8,10] and TRFK-5 [11,12]. However, whether
CysLTs produced following an antigen—antibody reaction se-
quentially induce IL-5 production leading to lung eosinophilia
during LAR is not clear.

In contrast to the involvement of CysLTs in tissue eosinophi-
lia [7-10], CysLT-induced blood eosinophilia has not been
identified. IL-5 may be an important factor for the mobilization
of eosinophils, probably from the bone marrow to the periph-
eral blood and for priming eosinophils to easily respond to
other chemotactic factors such as chemokines that may migrate
eosinophils to local tissues [13].

On the other hand, a chronic experimental asthmatic model
showing not only LAR and lung eosinophilia but also blood
eosinophilia, which are suggested to be elicited upon repeated
exposures to antigen [14], is indispensable for analysing these
phenomena. We established a repeated antigen inhalation-
induced asthmatic model using guinea-pigs, in which LAR
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appears after a latent period of repetitive sensitization and
challenge with antigen [15]. In addition, we reported that eosi-
nophilia in the peripheral blood and the airway preceded or
coincided with the LAR, which occurred 5-7 h after challenge
[15,16]. Blood eosinophilia transiently appeared 3-5h after
antigen challenge [16], and at 5h eosinophils had accumulated
in the lung tissue [17] but not in the airway cavity [16]. However,
a few hours later, eosinophils started to migrate into the airway
cavity, followed by sustained accumulation up to day 3 [16].
Thus, antigen provocation first triggers eosinophil recruitment
into the blood from putative tissues of the cellular pool or from
bone marrow as found in guinea-pigs [13]. Eosinophils then
migrate to the lung and finally infiltrate the airway cavity.
That eosinophilia precedes or coincided with LAR suggests
that eosinophils infiltrating the lung are involved in the induc-
tion of LAR. However, detailed mechanisms leading to blood
eosinophilia and subsequent lung eosinophilia are not clear.

The present study first evaluated the possible role of CysLTs
in the eosinophilia at LAR in our model using the CysLT,
receptor antagonists, pranlukast [18,19] and MCI-826 [20].
Secondly, the involvement of IL-5 in not only eosinophilia but
also LAR was assessed in the sensitized guinea pig using TRFK-
5. Finally, assuming that blood eosinophilia is induced by IL-5
that was sequentially produced by CysLTs following antigen
provocation, time-course changes in circulatory IL-5 activity
after challenge were observed, and the effect of CysL T antagon-
ists on the increase of IL-5 activity was evaluated.

Materials and methods

Animals

Allergic asthmatic models were generated and eosinophils were
collected from 5-week-old (300-400g) and 15-20-week-old
(700-900g) male Hartley guinea-pigs (Japan SLC,
Hamamatsu, Japan), respectively. The animals were housed in
an air-conditioned room for at least 2 weeks after purchase at a
temperature of 23 + 1°C and 60 + 10% humidity, illuminated
from 08.00 to 20.00 h, fed with a standard laboratory diet and
given water ad libitum. Experimental protocols and the animal
care methods were approved by the Experimental Animal
Research Committee at Kyoto Pharmaceutical University.

Reagents

Reagents and their sources were as follows: pranlukast hemi-
hydrate (supplied by Dr H. Ohno of Ono Pharmaceutical Co.,
Osaka, Japan); MCI-826 (supplied by Dr K. Takahashi of
Mitsubishi Kasei, Tokyo, Japan); purified rat anti-mouse/
human IL-5 antibody (TRFK-5) and purified rat IgGy, « iso-
type standard (R3-34) (Pharmingen, San Diego, CA, USA);
recombinant murine (rm) IL-5 (Genzyme, Cambridge, MN,
USA); ovalbumin (OVA), Triton X-100®, methylcellulose, try-
pan blue, bovine serum albumin (BSA), 2-mercaptoethanol (2-
ME) and H,0, (Wako Pure Chemicals, Osaka, Japan); mepyr-
amine maleate (Sigma Chemicals, St Louis, MO, USA); peni-
cillin G potassium (Banyu Pharmaceutical Co., Tokyo, Japan);
streptomycin sulphate (Meiji Confectionery Co., Tokyo,
Japan); heparin sodium (Takeda Chemical Industries, Osaka,
Japan); sodium pentobarbital (Abbott Laboratories, North
Chicago, IL, USA); 3,3,5,5-tetramethylbenzidine (Dohjindo
Laboratories, Kumamoto, Japan); KBr (Merck, Darmstadt,

Germany); Sephadex G-200 (Superfine) and Percoll
(Pharmacia, Uppsala, Sweden); RPMI-1640 medium and fetal
bovine serum (FBS, Life Technologies, Grand Island, NY,
USA); sucrose and Turk’s stain solution (Nacalai Tesque,
Kyoto, Japan); Diff-Quik® solution (International Reagents,
Kobe, Japan).

Pranlukast and MCI-826 were suspended and dissolved in
0.5% methylcellulose.

OVA + AI(OH); for sensitization was prepared as reported
[15,21]. OVA solution for challenge was prepared at a concen-
tration of 16 mg/mL.

Sensitization and challenge with antigen

Sensitization and challenge by inhalation of mists of OVA + Al
(OH); and OVA, respectively, were performed as described [15].
In brief, conscious guinea-pigs were sensitized by forced inhal-
ation of OVA + Al(OH); mists at a dose of 15pug OVA/750 ug
Al(OH)s/animal/time, once every 2 weeks for the first 4 weeks.
The animals were then forced to inhale OVA (10 pg OVA/
animal/time) and the OVA + Al(OH); mists alternately for
challenge and sensitization, respectively, once every 2 weeks
until the fifth challenge (week 20) (sensitized—challenged
group). Two negative control groups were: (i) guinea-pigs that
had been sensitized and challenged as described above, were
forced to inhale physiological saline instead of OVA at the time
corresponding to the fifth challenge (sensitized—non-challenged
group); (ii) guinea-pigs that had been treated with physiological
saline mist instead of antigens once every 2weeks were
treated with physiological saline on the same experimental
day as the sensitized—non-challenged group (non-sensitized—
non-challenged group).

In preliminary experiments over 60% of the sensitized guinea-
pigs died immediately (within 20 min) following the first chal-
lenge, and the second challenge induced severe anaphylactic
symptoms including laboured breathing and cyanosis in most
of the animals. Therefore, all animals were administered mepyr-
amine prior to the first to third challenges. However, as very few
animals exhibited such severe reactions at the fourth challenge,
the fourth and the fifth provocations were performed without
mepyramine.

As reported elsewhere [15], at the fourth to tenth challenges,
increase of airway resistance (R ,,) was biphasically observed in
an almost reproducible fashion: transient increase of R,,, was
induced 10 min after challenge followed by restoration of the
elevation to the level before challenge at 2-3h. At 5-7h after
challenge, R, of challenged guinea-pigs increased again in a
relatively persistent manner.

Administration of drugs or anti-IL-5 antibody

Pranlukast (30 mg/kg), MCI-826 (3mg/kg) or vehicle (0.5%
methylcellulose) was administered orally 1h before the fifth
challenge at a volume of 2mL/kg. TRFK-5 (50 pg/kg) or
R3-34 (50 pg/kg) was administered intravenously 10 min before
the challenge at a volume of 2mL/kg.

Blood drawing for counting leucocytes

Five hours after the fifth OVA inhalation challenge, peripheral
blood was drawn in the presence of a 100 U/mL final con-
centration of heparin from the abdominal vein of each of
the sensitized—challenged guinea-pigs under pentobarbital
anaesthesia (40 mg/kg, i.p.). Blood samples from the sensitized—
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non-challenged and the non-sensitized—non-challenged groups
were also drawn 5 h after saline inhalation in the same manner.
The total leucocyte number was determined by staining with
Turk’s solution. To determine the differentiated leucocyte
number, the blood specimen was centrifuged on a cell settling
chamber (Neuro Probe, Cabin John, MD, USA) at 50 g for 30s
at 4°C after hypotonic treatment, then settled leucocytes were
stained with Diff-Quik® solution, followed by the microscopic
counting of at least 500 cells.

Isolation of the lung to measure eosinophil peroxidase (EPO)
activity in the homogenate

Following drawing blood, animals of the respective groups were
exsanguinated from the abdominal aorta. The lungs were per-
fused with physiological saline via the pulmonary artery, then
isolated. The right lower lobe was weighed and used to deter-
mine EPO activity. Procedures for measurements were as
follows. The lobe was homogenized (4°C, 12000r.p.m.,
20s x 2) in 10 volumes (v/w) of assay buffer consisting of 0.3 M
sucrose in 50 mM acetate buffer (pH 5.4) and then again (4°C,
8000 r.p.m.,20 s x 2)in the presence of 0.2% Triton X-100®. EPO
activity in the homogenate was measured as described by Tagari
et al. [22], who modified the method of Bozeman et al. [23]. A
50-uL aliquot of the 50-fold diluted homogenate was added to
200 uL of the assay buffer with or without 5.3mm KBr in a
polypropylene tube. After adding 100 uL of 3.9mm 3,3',5,5'-
tetramethylbenzidine containing 2.8 mm H,O; and mixing well,
the mixture was incubated for S5min at 21 °C. The peroxidase
reaction was terminated by adding 200 pL of 1 N H,SO,. After
centrifugation (20°C, 1700 g, Smin), 200 uL of the supernatant
was transferred into a microtitre plate (Maxisorp; Nunc,
Roskilde, Denmark), and the optical density at 450 nm was
measured. EPO activity is expressed as AOD + gg,. This
method using bromide ions is specific for EPO [23].

Measurement of pulmonary function

As described [15], airway resistance (R,,,) was measured using a
two-chambered, double-flow plethysmograph system (Pulmos-
I; M.I.P.S., Osaka, Japan) according to the method of Pennock
et al. [24] before, and at 10 min and 5 h after challenge without
anaesthesia.

Measurement of ‘eosinophil survival prolongation activity’
(IL-5 activity) in serum

IL-5 activity in serum was indicated by prolonged eosinophil
survival (hereafter referred as ‘eosinophil survival prolongation
activity’). To measure such prolongation activity, blood was
drawn 1, 3 and 4 h after the fifth challenge from the abdominal
vein of the sensitized—challenged guinea-pigs under pento-
barbital anaesthesia. Blood samples from the sensitized-
non-challenged and non-sensitized—non-challenged groups
were also withdrawn.

In vitro eosinophil survival prolongation activity in the sera
was measured using eosinophils that had been collected from
bronchoalveolar lavage fluid (BALF) of Sephadex G-200-
treated guinea-pigs. As described [25], 18 h after an intravenous
administration of Sephadex G-200 (10 mg/kg), BAL was per-
formed with Ca®*-free Tyrode’s solution containing 0.1% BSA.
The recovered cells were treated hypotonically and incubated in
polystyrene flasks at 37 °C for 1 h, then suspended non-adherent
cells were stratified on discontinuous (50, 60 and 70%) Percoll
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layers. After centrifugation at 360 g for 30 min at 4 °C, eosino-
phils were recovered from the bottom of centrifuge tubes. Purity
of eosinophils was over 97% as determined by staining with
Diff-Quik®. The viability of the recovered cells was over 99%
as determined by trypan blue dye exclusion test.

Purified eosinophils suspended in RPMI-1640 medium con-
taining 10% FBS, 50 um 2-ME, 200 U/mL penicillin and 200 pg/
mL streptomycin (10° cells/100 pL/well) were incubated with
100 uL of serum or 2 x 107#—2x 107'° g/mL rmIL-5 in a
polystyrene 96-well microplate (Iwaki, Chiba, Japan) at 37°C
for 7days in 5% CO, and 95% air. To neutralize the activity,
serum and rmIL-5 were treated with TRFK-5 or the isotype
matched control, R3-34, at 4 °C for 30 min before being added
to the eosinophil suspension. After a 7-day incubation, cell
viability was determined by trypan blue dye exclusion.

Statistical analysis

Statistical analysis was performed by the one-way analysis of
variance. If significant difference was detected, the individual
group difference was determined by Bonferroni’s multiple test.
A probability value (P) below 0.05 was considered statistically
significant.

Results

Effect of CysLT antagonists on antigen-induced blood and
lung eosinophilia, EAR and LAR

The effects of the specific antagonists against CysLTs, pranlu-
kast and MCI-826, on blood and lung eosinophilia are shown in
Table 1. The elevation of EPO activity in the lung homogenate
was regarded as an indicator of tissue eosinophilia. Both pran-
lukast and MCI-826 abolished blood and lung eosinophilia. In
addition, MCI-826 significantly suppressed both EAR (Fig. 1a)
and LAR (Fig. 1b) to approximately 50% and 40%, respect-
ively. Inhibitions of these obstructive responses by MCI-826
was to the same degree as that induced by pranlukast [17]. On
the other hand, neither MCI-826 nor pranlukast affected the
numbers of other leucocytes (monocytes, neutrophils and
lymphocytes) in the blood of the sensitized—challenged group
(data not shown).

Effect of anti-IL-5 antibody on antigen-induced blood and
lung eosinophilia, EAR and LAR

The effects of an anti-IL-5, TRFK-5, on the blood and lung
eosinophilia, are shown in Table2. TRFK-5 decreased the
number of blood eosinophils to a level lower than that of
sensitized—non-challenged animals. Induction of eosinophilia
in the lung tissue was also abolished by TRFK-5. On the other
hand, the numbers of other leucocytes (monocytes, neutrophils
and lymphocytes) in the blood in the sensitized—challenged
group were not significantly influenced by the anti-IL-5 anti-
body (data not shown).

Although EAR was not affected by TRFK-5 (Fig. 2a), the
antibody attenuated LAR by approximately 50% (Fig. 2b).

Time-course of ‘eosinophil survival prolongation activity’
(IL-5 activity) in the serum after antigen challenge

Figure 3(a) shows the time-course of eosinophil survival pro-
longation activity in the serum after the fifth antigen inhalation
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Table 1. Effect of cysteinyl leukotriene antagonists (pranlukast and MCI-826) on antigen-induced blood and lung

eosinophilia in the sensitized guinea-pig

Group
(x 10* cells/mL)

Number of eosinophils in blood

EPO activity in lung homogenate
(AOD + kg,/mg tissue)

Non-sensitized—non-challenged

Vehicle 16.6 + 3.8
Sensitized—non-challenged

Vehicle 16.1 +£ 2.2
Sensitized—challenged

Vehicle 38.9 + 5.9

Pranlukast 10.8 + 1.3FF

MCI-826 11.6 + 1.1FF

0.50 + 0.11
0.89 £+ 0.22
2.21 + 0.55*

0.92 + 0.187
0.80 + 0.19F

Pranlukast (30 mg/kg), MCI-826 (3 mg/kg) or vehicle (0.5% methylcellulose) was administered orally 1h before antigen
inhalation challenge. Values are means + SE of 13 or 14 animals. *P < 0.05 and **P < 0.01 vs. sensitized—non-
challenged + vehicle, P < 0.05 and ffP < 0.01 vs. sensitized-challenged + vehicle.
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challenge. The viability of eosinophils exposed to RPMI-1640
medium containing 10% FBS for 7days was approximately
10%. Sera from the non-sensitized—non-challenged and the
sensitized—non-challenged (at 0h) guinea-pigs did not affect
viability on day 7. However, serum harvested from sensitized—
challenged animals 1 h after challenge slightly elevated viability
of eosinophils. Furthermore, sera from sensitized—challenged
guinea-pigs at 3h and 4h significantly prolonged eosinophil
survival.

Figure 3(b) shows that the eosinophil survival prolongation
activity of the serum at 3h was neutralized by 1077 g/mL
TRFK-5, indicating that the activity of the serum totally reflects
IL-5 activity. The neutralizing effect of TRFK-5 was concen-
tration-dependent in the range of 107°—10~7 g/mL (data not
shown). Yet, an isotype matched control antibody (rat IgG1),
R3-34, induced no inhibition of eosinophil survival prolonga-
tion activity at 1077 g/mL. On the other hand, rmIL-5 also
concentration-dependently prolonged eosinophil survival at

non-challenged non-challenged challenged

difference (*P < 0.05 and **P < 0.01).

2x107-2x 107'° g/mL (data not shown). The activity of
rmIL-5 at 2 x 107" g/mL was also neutralized by 1077 g/mL
TRFK-5 but not by R3-34 (Fig. 3b).

Effect of CysLT antagonists (pranlukast and MCI-826) on
antigen-induced elevation of IL-5 activity in the serum

Figure 4 shows the effect of pranlukast and MCI-826 on the
elevated IL-5 activity in the serum of sensitized guinea-pigs 3 h
after antigen inhalation challenge. Both pranlukast and MCI-
826 significantly inhibited the increased IL-5 activity by over
90% (P <0.001).

Discussion

CysLT antagonists and anti-IL-5 antibody completely inhibited
antigen-induced lung eosinophilia, and this finding was in
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Table 2. Effect of an anti-IL-5 monoclonal antibody (TRFK-5) on antigen-induced blood and lung eosinophilia in the

sensitized guinea-pig

Group
(x 10* cells/mL)

Number of eosinophils in blood

EPO activity in lung homogenate
(AOD + gg,/mg tissue)

Sensitized—non-challenged

R3-34 11.8 + 2.7
Sensitized—challenged

R3-34 23.2 + 3.0

TRFK-5 1.8 + 0.5F+F

0.91 £ 0.20

1.95 + 0.38*
0.87 + 0.227

TRFK-5 (50 ng/kg) or R3-34 (50pug/kg) was administered intravenously 10 min before antigen inhalation challenge.
Values are means + SE of five or eight animals. *P < 0.05 vs. sensitized—non-challenged + R3-34, P < 0.05 and

T11P < 0.001 vs. sensitized—challenged +R3-34.
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agreement with those in other reports [8,10-12]. In addition,
these agents completely suppressed the blood eosinophilia in
our asthmatic model. These results suggest that eosinophilia in
the lung and the circulation almost entirely depend on CysLTs
and IL-5. To assess whether CysLTs are involved in the produc-
tion of IL-5, we evaluated the effect of CysLT antagonists on
the increase in serum IL-5 activity. Both specific CysLT; recep-
tor antagonists, pranlukast and MCI-826, almost completely
abolished elevated serum IL-5 activity. These findings indicate
that CysLTs produced after the antigen—antibody reaction se-
quentially induced IL-5 production from immunecomponent
cells via CysL T receptor activation.

Guinea-pig lung mast cells can release large amounts of
CysLTs, probably within 30 min of antigen provocation [26].
In the present study, the serum IL-5 activity was increased at 3 h
after the challenge and blood eosinophilia peaked at 5h after
the challenge [16]. In addition, the intravenous administration
of human recombinant IL-5 produced blood eosinophilia that
peaked 1 h later in guinea-pigs [13,27]. These findings suggest
that CysLTs produced at the EAR are responsible for IL-5
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production. However, the cellular source of IL-5 is unclear.
Lynch et al. [28] found that normal human peripheral blood
leucocytes have surface CysL T, receptors. More recently, it was
reported that a very small percentage of human CD4" and
CDS8™ T cells from normal donors expresses CysLT; receptor
on their surface [29]. In addition, it is well known that human
CD4" T cells are capable of producing IL-5 [30]. Therefore,
cellular source of IL-5 in response to CysLTs might be T cells,
although CysLT, receptors on guinea-pig T cell surface have
not been identified yet. Figueroa et al. [29] speculated that
CysLT, receptor expression may be up-regulated in lympho-
cytes from asthmatic subjects. The repeated sensitization/chal-
lenge with antigen in our model might also up-regulate the
receptor expression on guinea-pig lymphocytes.

On the other hand,LTD,4 may behave as a potent chemoat-
tractant in vitro for human eosinophils at physiologically
relevant concentrations as low as 107° M [31]. We used an
in vitro chemotaxis assay to examine whether or not LTD,
directly causes guinea-pig eosinophil migration. Only high
concentrations (1077 and 107° M) of LTD4 induced
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concentration- dependent mobilization of the eosinophils (data
not shown), indicating a species difference between humans and
guinea-pigs in eosinophil responsiveness to LTD,. CysLT-
driven eosinophilia in guinea-pigs is mainly due to indirect
mechanisms involving other chemotactic factors such as IL-5.

The intravenous injection of IL-5 significantly increased the
number of eosinophils in the peripheral blood of guinea-pigs
[13,27]. However, an intradermal injection of IL-5 did not
produce tissue eosinophilia [13]. IL-5 (i.v.) potentiates the in-
tradermal injection of eotaxin-induced cutaneous eosinophilia
[13]. These findings indicate that although IL-5 directly induces
blood eosinophilia by releasing cells from the bone marrow, the
role of IL-5 in induction of tissue eosinophilia is indirect
through priming the cells to easily mobilize from the circulation
to the tissues. The present study found that CysLT antagonists
suppressed not only blood eosinophilia that may be induced by
IL-5, but also lung eosinophilia. Furthermore, the forced inhal-
ation of LTD, induces airway eosinophilia [8-10]. Thus,
CysLTs might produce other eosinophil chemotactic factors
that cause eosinophils primed by IL-5 to migrate from the
circulation to the lung.

In contrast to our view of the mechanisms of antigen-induced
eosinophilia through the production of CysLTs and IL-5, an-
other group postulated a different mechanism in rat asthmatic
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models [32,33]. Naive recipients (Brown Norway rats) of CD4"
T cells isolated from the lymph nodes of OV A-sensitized donor
rats were challenged by inhalation with OVA. The LAR was
induced and the numbers of eosinophils and IL-5 mRNA posi-
tive cells in BALF increased, indicating that these responses
were triggered through antigen presentation by airway dendritic
cells or other antigen-presenting cells that activate OVA-
specific CD4™ T cells [33]. In addition, as these responses were
suppressed by pranlukast, the triggering events may induce
CysLT production from unidentified lung cells followed by
IL-5 production, probably from T cells [33]. Whether or not
CD4" T cell-dependent LAR and eosinophilia occur in guinea-
pigs is unclear. However, although we found that EAR in
guinea-pigs was apparently suppressed by the CysLT antagon-
ist, the early increase in pulmonary resistance in actively
sensitized Brown Norway rats following antigen inhalation
was hardly attenuated by a CysLT antagonist [32]. It remains
unclear whether the ineffectiveness resulted from the insuffi-
cient release of CysLTs immediately after the challenge or
from the failure of the airway smooth muscle to contract in
response to CysLTs as has been demonstrated in another strain
of rats [34]. Species differences exist between guinea-pigs and
rats in terms of CysLT production and induction of biological
actions.

On the other hand, complete and partial inhibition of the
respective eosinophilia and the LAR by CysLT antagonists
and anti-IL-5 antibody suggest that eosinophils that infiltrated
the lung are at least partly involved in the LAR. We demon-
strated that the thromboxane (TX) A, antagonist, seratrodast,
suppressed the LAR by approximately 40% [17], and that abun-
dant TXA, was released from guinea-pig eosinophils in re-
sponse to non-immunological stimuli [25,35,36]. Thus,
migrated eosinophils may participate in the induction of the
LAR, probably through TXA, production. In contrast to
the effect of anti-IL-5 antibody on the LAR in our guinea-
pig model, a humanized monoclonal antibody to IL-5 did not
affect the LAR in a double-blind randomized placebo-
controlled clinical trial, although the treatment strongly sup-
pressed eosinophilia in the circulation and sputum [37]. This
discrepancy means that the involvement of IL-5 and eosinophils
in the LAR in guinea pigs and humans may be species specific.

The present results suggest that CysLTs, which may be pro-
duced by lung mast cells immediately after antigen—antibody
reaction, sequentially induced IL-5 production from immune
component cells via CysLT receptor activation. Furthermore,
eosinophils recruited into the lung through the CysLT-and
IL-5-dependent mechanism are probably involved in the occur-
rence of the LAR.
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