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Background It has been suggested that mast cells and eosinophils are major
effector cells in the pathogenesis of allergic diseases. However, the
interaction of these cells has not been thoroughly elucidated. We examined
eosinophil cationic protein (ECP) release and cytosolic free calcium
concentration ([Ca®*];) in human eosinophils induced by the major mast-cell
mediators including cytokines.

Methods Eosinophils from healthy donors were stimulated with the major
mast-cell mediators for 20 min after preincubation with cytochalasin B for
10 min. ECP in supernatants was measured by radioimmunoassay. Moreover,
to examine changes of [Ca?‘]; in eosinophils, Fura-2-loaded eosinophils were
monitored for fluorescence changes after stimulus addition.

Results Of the tested mediators (prostaglandin [PG]D,, leukotriene (LT)B,,
platelet-activating factor (PAF), histamine, LTC,, and eosinophil
chemotactic factor of anaphylaxis [ECF-A]), LTB, and PAF induced ECP
release from eosinophils. Any cytokines produced by human mast cells, i.e.,
interleukin (IL)-4, IL-5, IL-8, tumor necrosis factor (TNF), or granulocyte-
macrophage colony-stimulating factor (GM-CSF), did not induce ECP
release in our system. ECP release triggered with LTB, and PAF occurred
at concentrations of 10-~107° M concentration-dependently. LTB, and PAF
also elicited a rise in [Ca*']; in eosinophils. Neither PGD,, histamine, nor
LTC, induced ECP release, although they increased cytosolic calcium in
eosinophils.

Conclusions Of mast-cell mediators, LTB, and PAF induced eosinophil
degranulation. The contribution of LTB, and PAF from mast cells to
eosinophil degranulation may be important in the pathogenesis of allergic
inflammatory diseases.

S. Takafuji'?, K. Tadokoro®, K. Ito®,
T. Nakagawa’

'Department of Medicine and Physical Therapy,
Faculty of Medicine, University of Tokyo, Tokyo;
2pDepartment of Internal Medicine, Toyoko
Hospital, St Marianna University School of
Medicine, Kanagawa; *Red Cross Blood Center,
Tokyo; *Doai Memorial Hospital, Tokyo, Japan

Key words: cytosolic calcium; degranulation;
eosinophils; mast-cell mediators.

S. Takafuji, MD

Department of Internal Medicine

Toyoko Hospital

St Marianna University School of Medicine
3-435 Kosugi, Nakahara-ku, Kawasaki-City
Kanagawa 211-0063

Japan

Accepted for publication 15 May 1998

The correlation of eosinophils with mast cells has
been proposed in the pathogenesis of allergic dis-
eases. The number of eosinophils and the level of
mast-cell tryptase in bronchoalveolar lavage fluid
were correlated with bronchial hyperresponsive-
ness in patients with chronic asthma (1). Activated
(EG2") eosinophil counts correlated with tryptase-
positive mast-cell counts in the nasal mucosa of
patients with allergic rhinitis (2). Furthermore, in
mast-cell-deficient mice, eosinophil peroxidase levels
in lavage fluid were reduced compared with normal
mice after antigen challenge in sensitized mice (3).

Mast cells release various mediators. They
include prostaglandin (PG)D,, leukotriene (LT)B,,
platelet-activating factor (PAF), histamine, LTC,,

and eosinophil chemotactic factor of anaphylaxis
(ECF-A). The effects of each mast-cell mediator
on eosinophils have been reported. It has been
shown that LTB, has chemotactic activity and
produces H,0, in eosinophils (4, 5). PAF also
induces eosinophil chemotaxis and H,O, genera-
tion in eosinophils (6, 7). Furthermore, PAF
induces eosinophil granule protein release in eosin-
ophils pretreated with cytochalasin B (cyto B) and
LTC, production in eosinophils primed by IL-3 or
IL-5 (8, 9). A recent in vitro study has indicated
that LTD, is a chemoattractant for eosinophils (10).
Histamine and ECF-A also have chemotactic
effects on eosinophils in vitro (11, 12). Recently, it
has been reported that mast cells produce some
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cytokines, i.e., 1L-4, IL-5, IL-8, tumor necrosis
factor (TNF), and granulocyte-macrophage colony-
stimulating factor (GM-CSF) (13, 14). However,
the effects of mast-cell mediators described above,
including those of cytokines, on eosinophil degranu-
lation have not been thoroughly examined.

In this study, we examined the effects of the
major mast-cell mediators on eosinophil cationic
protein (ECP) release from normal human eosino-
phils. As a result, we have found that, in addition
to PAF, LTB, induces eosinophil degranulation.
PGD,, histamine, and LTC, did not induce eosino-
phil degranulation in spite of eliciting a rise in
cytosolic free calcium concentration ([Ca*]) in
eosinophils.

Material and methods
Purification of human eosinophils

Eosinophils were prepared from venous blood of
informed healthy volunteers with eosinophil per-
centages of 2-6%. Eosinophil preparations were
purified by two-step density centrifugation, as des-
cribed previously (9). Erythrocytes in the prepara-
tion underwent hypotonic water lysis. Eosinophils
were further purified by removal of CD16-positive
cells (neutrophils) with immunomagnetic selection
by a magnetic activated cell sorter system (Miltenyi
Biotec, Bergisch-Gladbach, Germany) (15). The
purity of eosinophils was >95%, as determined by
microscopy of cytocentrifuge preparations stained
with May-Giemsa. Purified eosinophils were sus-
pended in HA buffer (20 mM HEPES [Calbiochem-
Behring Corp., La Jolla, CA, USA], 125 mM NaCl,
5 mM KCl, 0.5 mM glucose, and 0.025% bovine
serum albumin, fatty acid-free [Boehringer Man-
nheim, Mannheim, Germany]) supplemented with
1 mM CaCl, and 1 mM MgCl, at a concentration
of 1.5%10° eosinophils/ml.

Reagents

PGD,, LTB,, PAF, LTC,, val-ECF-A, ala-ECF-A,
rhiL-8, and cyto B were purchased from Sigma
Chemical Co. (St Louis, MO, USA). rhIL-5, rhTNEF,
and thGM-CSF were from Genzyme (Cambridge,
MA, USA). Histamine dihydrochloride, PGE,, and
rhIL-4 were from Wako Pure Chemical (Osaka,
Japan), Funakoshi (Tokyo, Japan), and Becton
Dickinson Labware (Bedford, MA, USA), respec-
tively. PGD,, PAF, and PGE, were dissolved in
ethanol at concentrations of 1073, 1072, and 1072 M,
respectively. val-ECF-A, ala-ECF-A, L4, and IL-
8 were dissolved in PBS containing 1 mg/ml BSA
at concentrations of 1072 M, 1072 M, 5 pg/ml, and
10-° M, respectively. Histamine and cyto B were
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dissolved in 0.01 N HCI and dimethylsulfoxide at
concentrations of 10 M and 5 mg/ml, respectively.
Histamine solution was stored at 4°C. Other com-
pounds than histamine were stored in small alig-
uots at —=70°C and thawed just before use. Fura-2/
AM (Dojindo, Kumamoto, Japan) was stored in
small aliquots at ~20°C and thawed just before use.

ECP release by human eosinophils

Human eosinophils suspended in HA buffer with
1 mM CaCl, and 1 mM MgCl, were warmed to
37°C for 10 min. Then, the various agents des-
cribed above were added 10 min after the addition
of 5 pg/ml cyto B. The reaction was stopped 20 min
after stimulus addition by placing the tubes in ice
water. After centrifugation, ECP in supernatants was
measured by RIA (Pharmacia, Uppsala, Sweden).
For measurement of the total content of ECP,
eosinophils were lysed with 0.5% N-cetyl-N,N,N-
trimethylammonium bromide, as previously des-
cribed (16).

[Ca**]; changes

Eosinophils were suspended at 10° cells/ml in HA
buffer and loaded with 3 uM Fura-2/AM for 1 h at
37°C. After centrifugation, the loaded cells were
resuspended at 10° cells/ml in HA buffer. Fura-2
fluorescence changes of the cell suspension in
response to cell agonists were continuously moni-
tored and analyzed with a fluorometer (CAF-100,
Japan Spectroscopic, Tokyo). Changes in [Ca®');
were calculated as described previously (17) with
0.2% Triton X-100 (Wako Pure Chemical) and 10
mM EGTA (Sigma Chemical Co.) for calibration.

Presentation of data

All experiments were performed in duplicate and
repeated at least three times with cell preparations
from different donors. ECP data were presented as
percentage of the total cellular content. The effects
of treatment examined within the same experi-
ments were compared by Wilcoxon’s signed-rank
test for pairs.

Results
ECP release in response to mast-cell mediators

We examined the effects of the major mast-cell
mediators (PGD,, LTB,, PAF, histamine, LTC,, val-
ECF-A, and ala-ECF-A) on ECP release from
normal human eosinophils preincubated with cyto
B (Fig. 1). LTB, or PAF at a concentration of
10-® M induced remarkable ECP release. None of
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Fig. 1. ECP release by human eosinophils preincubated with
cyto B in response to PGD,, LTB,, PAF, histamine, LTC,, val-
ECF-A, and ala-ECF-A. Eosinophils were stimulated with
PGD,, LTB,, PAF, histamine, LTC,, val-ECF-A, or ala-ECF-A
at 107 M for 20 min after preincubation with 5 pg/ml cyto B
for 10 min. Each column represents mean + SEM obtained
from six experiments performed in duplicate. *P<0.05 signifi-
cance from buffer control (-).

the other mediators tested induced a significant
release of ECP compared to buffer control. With-
out cyto B, ECP release was not observed in
eosinophils triggered with LTB, or PAF, as
described before in eosinophils triggered with C5a
(8). Ethanol, which was used to dissolve PGD, and
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Fig. 2. ECP release by human eosinophils preincubated with
cyto B in response to I1L-4, IL-5, IL-8, TNF, GM-CSF, and PAE.
Eosinophils were stimulated with IL-4 (50 ng/ml), IL-5 (10 ng/
ml), IL-8 (1077 M), TNF (30 ng/ml), GM-CSF (10 ng/ml), or
PAF (10-° M) for 20 min after preincubation with 5 pg/ml cyto
B for 10 min, Each column represents mean + SEM obtained
from three experiments performed in duplicate. *P<0.05
significance from buffer control (-).

IL-8 TNF GMCSF PAF

Eosinophil degranulation

PAF, had no effect on ECP release (not shown).
Next, we examined the effects of some cytokines
which have so far been reported to be produced by
human mast cells (Fig. 2). IL-4, IL-5, IL-8, TNE, or
GM-CSF by itself did not induce a significant
release of ECP compared to buffer control,
although PAF induced ECP release. However, IL-
5 enhanced PAF-induced ECP release, as described
before in CSa-induced ECP release (8) (Fig. 3).
GM-CSF also showed a similar effect (not shown).

Dose response and kinetics of LTB, or
PAF-induced ECP release

Experiments in which eosinophils were stimulated
with various concentrations of LTB, or PAF for 20
min after cyto B pretreatment showed that LTB,
or PAF-induced ECP release was concentration
dependent. ECP release occurred at LTB, or PAF
concentrations of 1078~10"° M (Fig. 4). When the
time course of LTB, or PAF-induced ECP release
was examined, it was found that ECP release
occurred within 30 s very rapidly after LTB, or PAF
addition (not shown).

P<0.01
25 - & 5

20

10 |

ECP release (%)

-IL-5 +IL-5

Fig. 3. IL-5 effect upon PAF-induced ECP release by human
eosinophils. Eosinophils were preincubated for 60 min in buffer
alone or in presence of TL-5 (30 ng/ml), and then stimulated
with 10-® M PAF for 20 min after preincubation with 5 pg/ml
cyto B for 10 min. All experiments were performed with
different donors. Each circle represents mean of two determi-
nations.
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Fig. 4. Effect of LTB, or PAF concentration on ECP release
by human eosinophils. Eosinophils were stimulated with dif-
ferent concentrations of LTB, or PAF for 20 min after prein-
cubation with 5 pg/ml cyto B for 10 min. ECP release is
expressed as percentage of total cellular ECP content. Data
are presented as mean + SEM of three experiments performed
in duplicate with cells from three different donors.

[Ca?*], changes in response to mast-cell mediators

Changes in [Ca®']; in eosinophils stimulated with
mast-cell mediators were examined as an early event
of receptor-mediated signal transduction (Fig. 5).
LTB, and PAF were potent stimuli for calcium
mobilization, consistent with the results of eosi-
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Fig. 5. Changes of [Ca”"]; in human eosinophils induced by PAF,
LTB,, PGD,, LTC,, PGE,, histamine, val-ECF-A, and ala-ECF-
A. Fura-2-loaded cells were suspended at 2x10%ml and moni-
tored for fluorescence changes. Various agonists (107° M) were
added as indicated (arrows). Initial [Ca®']; level was 103 nM.
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nophil degranulation induced by these stimuli.
Interestingly, PGD, and LTC, increased cytosolic
calcium in eosinophils in spite of having no effect
on eosinophil degranulation. To examine the pos-
sible nonspecific effects of other arachidonic acid
products on cytosolic calcium, we examined the
effect of PGE,. PGE, had no effect on [Ca™'];
changes. In addition to PGD, and LTC,, histamine
also increased cytosolic calcium in eosinophils
without any effect on eosinophil degranulation. On
the other hand, val-ECF-A or ala-ECF-A did not
increase cytosolic calcium in eosinophils. A charac-
teristic of PGD,-induced calcium mobilization was
the secondary rise in calcium seen after the initial
rise in calcium. This rise was not observed with
other stimuli. It may have been due to the PGD,
metabolite, 9o, 11B-PGF, (18). When we examined
the effects of the cytokines produced by human
mast cells (IL-4, IL-5, IL-8, TNF, and GM-CSF),
we found that no cytokine increased cytosolic
calcium in eosinophils (not shown).

Dose-response of mast-cell mediators on the
concentration of cytosolic calcium

Fig. 6 shows the dose dependence of the effects of
PAE, LTB,, PGD,, histamine, and LTC, on [Ca®*'],
The changes in [Ca®*]; occurred from 107%,10°%, and
10~ M for PAF, LTB,, and PGD,, respectively, and
became maximal at 107 M for these three agonists.
The secondary rise in PGD,-induced calcium
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Fig. 6. Effect of PAF, LTB,, PGD,, LTC,, or histamine concen-
tration on changes of [Ca*]; in human eosinophils. Fura-2-
loaded cells were suspended at 2x10%ml and monitored for
fluorescence changes. Different concentrations of agonists were
added as indicated (arrows). Initial [Ca®*]; level was 153 nM.



mobilization was observed from 10~ M. The con-
centration of histamine and LTC, reguired to
increase cytosolic calcium (1077 to 10° M) was
higher than that of PAF, LTB,, and PGD,. More-
over, the peak elevation of [Ca®*]; induced by
histamine and LTC, was approximately 40% of that
induced by PAF, LTB,, and PGD,.

Discussion

In this study, we examined eosinophil degranu-
lation in response to the major mast-cell mediators,
including cytokines. Concerning chemotaxis, some
mast-cell mediators, i.e., LTB,, PAF, LTD,, hista-
mine, and ECF-A, have been reported so far to
have this activity for eosinophils (4, 6, 10-12).
Concerning eosinophil degranulation, of the major
mast-cell mediators, only PAF was examined, and
it has been reported to induce the release of
eosinophil granule protein (8, 19), although the
effects of other mast-cell mediators are unclear.
Our study has shown that, in addition to PAF, L'TB,
also can induce ECP release from eosinophils and
that LTC,, histamine, or ECF-A does not induce
eosinophil degranulation although they are chemo-
tactic for eosinophils (10-12).

It has been shown that mast cells produce some
cytokines, i.e., IL-4, IL-5, IL-8, TNF, and GM-CSF
(13, 14). Of these cytokines, GM-CSF induces
eosinophil degranulation after 4-h incubation with
eosinophils in albumin-coated plates (20). IL-5
induces the release of granule proteins from eosino-
phils after 3- or 7-day culture with eosinophils (21).
However, in our system, GM-CSF or IL-5 did not
induce ECP release from eosinophils. Furthermore,
GM-CSF or IL-5 did not induce an increase in
[Ca?*]; in eosinophils, in contrast to LTB, or PAE.
There is probably a difference, not only in the
conditions of the induction, but also in the mech-
anisms of the granule protein release between the
cytokines such as GM-CSF and the lipid mediators
such as LTB,. It has been reported that GM-CSF
and IL-5 enhance eosinophil degranulation induced
by immunoglobulin-coupled Sepharose beads (22).
In our system, similar enhancing effects were also
observed in GM-CSF and IL-5.

In our study, PAF and LTB, increased cytosolic
calcium in eosinophils at low concentrations of
10~ and 10® M, respectively, and induced ECP
release from eosinophils, although the increase in
[Ca®"), in response to LTC, and histamine required
more than 107 M of these agonists and did not
result in eosinophil degranulation. The PAF concen-
tration required for ECP release was similar to that
for LTC, production from eosinophils (10-8-10"°
M) (23). When we compared ECP release in
response to LTB, and PAF with that in response

Eosinophil degranulation

to complement component CS5a, LTB, and PAF
were weaker than C5a on both a molar basis and
the amount of released ECP. C5a induced ECP
release at 107°~107 M, and the amount of ECP in
response to C5a was 16.0+£3.6%, while those in
response to LTB, and PAF were 9.5£2.0% and
8.1£1.4%, respectively (percent ECP release,
mean + SEM, four donors) (this study, 8). How-
ever, since mast cells are initially activated in
response to the antigen and the mediators, such as
LTB, and PAF, are released in allergic inflam-
mation, it cannot be excluded that LTB, and PAF
are initial triggers for eosinophil degranulation.

Previous studies have suggested that eosinophil
activation induced by LTB, and PAF is due to the
receptor-mediated mechanism that involves Ca**
and protein kinase C (24-27). In our study also,
LTB, and PAF induced an increase in [Ca*]; in
eosinophils at low concentrations. PGD, increased
cytosolic calcium similarly, but it did not induce
eosinophil degranulation. We examined whether
PGD, affects eosinophil degranulation induced by
the other stimulus or not. PGD, had no effect on
C5a-induced ECP release (not shown), although it
has been reported to have a priming effect on LTC,
release in response to calcium ionophore in eosino-
phils (18). Further investigation on the mechanisms
of eosinophil degranulation is needed.

In this study, of mast-cell mediators, LTB, and
PAF induced ECP release from human eosinophils.
Neither PGD,, histamine, LTC,, ECF-A, nor any
cytokines examined here induced eosinophil
degranulation, although PGD,, histamine, and
LTC, increased cytosolic calcium in eosinophils.
The contribution of LTB, and PAF from mast cells
to eosinophil degranulation may be important in
the pathogenesis of allergic inflammatory diseases.
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