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Eosinophilic leukocytes have been Implicated as primary effec-
tor cells in inflammatory and allergic diseases. When activated
by cytokines, human eosinophils secrete and produce a varlety
of proinflammatory or tissue damaging substances. Although
well known for their chemoattractant effects, little is known
about the precise contribution of the eosinophil-selective che-
mokines, eotaxin, eotaxin-2, and eotaxin-3 to the effector func-
tions of eosinophils. This forms the central focus of these in-
vestigations for which clone 15-HL-60 human eosinophilic cells
were used as the /n vitro model. Investigation results suggest
that all three subtypes of eotaxin directly stimulate osinophil
Superoxide anion generation that is inhibited by neutralizing
eotaxin antibody or pretreatment of cells with the receptor an-
tibody antl-CCR3. Pretreatment or co-treatment with each of the
eotaxins augmented phorbol myristate-induced superoxide
generation. Concentration-dependent degranulation of eosino-
phil peroxidase was noted for all three chemokines, and poten-
tiation of calcium ionophore-induced degranulation was ob-
served with eotaxin pretreatments. Results of Interleukin-5 pre-
treatment studies suggest that the eotaxin chemokines may act
Cooperatively to enhance effector functions of eosinophils. Col-
lectively, the present studles have advanced knowledge of the
eotaxin family of chemokines to include eosinophil priming and
modulation of eosinophil activation and secretion effector
functions. [Exp Biol Med Vol. 227(8):645-651, 2002)
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fector cells in inflammatory and allergic diseases.

The physiological/pathophysiological roles of EOS
have been described as both tissue protective and tissue
damaging. It is now well established that, following activa-
tion, human EOS secrete and produce a variety of pro-
inflammatory or tissue-damaging substances, including
cationic proteins, major basic protein, EOS peroxidase
(EPO), and reactive oxygen species (1-3). Allergic/
inflammatory airway diseases such as asthma are character-
ized by infiltration of EQS, the activation of which lead to
long-term changes (4-6). Accumulation of EOS at inflam-
matory sites is likely to occur as a result of interaction and
coordination of several events ranging from bone marrow
stem cell EOS differentiation to generation and action of
chemoattractants, EOS adhesion, EOS activation, and de-
layed apoptosis (7).

Among the agents that have been incriminated in EOS
tissue infiltration are the recently discovered eotaxins. Of
particular interest to these present investigations is the eo-
taxin family of chemokines. The identification of eotaxin
(CCL11), eotaxin-2 (CCL24), and eotaxin 3 (CCL26) as
primary EOS recruiting factors with a common receptor has
led to extensive research into the EOS-selective functions of
these chemokines. Positioning of the four cysteine residues
places the eotaxins in the B-chemokine (CC) family of cy-
tokines. All three eotaxins bind to the CCR3 G-protein
coupled receptor, a member of the seven-transmembrane-
spanning receptor family (8-11).

In human asthmatics, both CCL11 and CCL24 are pres-
ent at significantly increased levels (7, 12, 13). In contrast,
CCL26 levels are not elevated in asthmatics, but dramati-
cally increase 24 hr after allergen challenge (13). In cuta-
neous responses of atopic subjects, it has recently been
found that CCL11 may have a role in an early 6-hr EOS
recruitment, whereas CCL24 appeared to be involved in the
later 24-hr EOS infiltration (14). Together, these results
suggest different mechanisms by which members of the
eotaxin chemokines guide EOS allergic responses.

In vitro, effects of CCL11 on human EOS include che-

Eosinophils (EOS) are considered the predominant ef-
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motaxis, actin polymerization, and induction of CD11b up-
regulation (6). Both CCL11 and CCL24 induce chemotax-
is and transendothelial migration with approximately equal
potency (15, 16). Rapid increases in intracellular calcium
ion concentrations have been reported after treatment of
human EOS with CCL11, CCL24, or CCL26 (9-11). Pre-
treatment with either an anti-CCR3 antibody or antagonists
has been shown to abolish the eotaxin-induced responses
(16-18).

Understanding processes that control selective EOS re-
cruitment, activation, and secretion is a fundamentally im-
portant prelude to development of novel mechanism-based
therapies for future treatments of allergic/inflammatory dis-
eases. Thus, the present investigations were undertaken to
test the hypothesis that the effector functions of the EOS-
selective chemokines CCL11, CCL24, and CCL26 extend
beyond recruitment and also directly act as EOS proinflam-
matory-priming/activating agents. To circumvent difficul-
ties that arise when attempting to explore direct effects of
cytokines on peripheral blood EOS, clone 15 HL-60 human
eosinophilic cells were used.

Methods

EOS Culture and Cell Treatment. Clone 15 HL-60
EOS (clone 15 EOS; ATCC CRL-1964) were purchased
from American Type Culture Collection (Rockville, MD)
and were grown in suspension in RPMI 1640 (Cellgro; Me-
diatech, Inc., Herndon, VA) supplemented with 10% fetal
calf serum (Atlanta Biologicals, Atlanta, GA), penicillin
(100 U/ml), and streptomycin (100 pg/ml) in a humidified
atmosphere of 5% carbon dioxide at 35°C. Final differen-
tiation was carried out by culturing cells at 5 x 10° cells/ml
in the above medium containing 0.5 mM butyric acid for 7
days as previously described (2). Eosinophilic morphology
was assessed in Wright-Giemsa-stained slide preparations
and with the EOS-specific stain phloxine B and presence of
EPO in cytoplasmic granules (2). Cells were maintained by
biweekly centrifugation and dilution to a concentration of 3
x 10° cells/ml. Viability of cells harvested for experiments
was assessed by trypan blue exclusion, and populations of
cells with viability >95% were used.

For experiments, cells were centrifuged (100g for 5
min), washed two times in Hank’s balanced salts solution
(HBSS), and were then resuspended in HEPES-buffered
HBSS containing 0.2% bovine serum albumin and aliquoted
to 96-well plates. Chemokine stock solutions of CCL11,
CCL24, or CCL26 (Atlanta Biologicals) were prepared at
10 pg/ml in the above buffer, aliquots were stored at —80°C,
and they were then thawed and diluted immediately before
use. Overnight treatments with cytokines were carried out as
follows. Cells were centrifuged, washed one time in HBSS,
and then resuspended in Dulbecco’s modified Eagle’s me-
dium (DMEM) without phenol red (Cellgro; Mediatech,
Inc.) and supplemented with 10% fetal bovine serum at 1 x

10° cells/ml in 6-well plates. Chemokines were added at the’

indicated concentrations. Following overnight incubation,
cells were washed and suspended in HEPES-buffered HBSS
and then stimulated as described above. For neutralization

- experiments, CCL11 stock solutions were preincubated

with anti-eotaxin goat polyclonal IgG (at 1:250 dilution;
Santa Cruz Biotechnology, Santa Cruz, CA) for 1 hr at
37°C, and were then used to stimulate clone 15 EOS (19).
For neutralization of cell surface CCR3-mediated bioactiv-
ity, cells were preincubated with anti-human CCR-3 IgG
(10 pg/ml; R&D Systems, Minneapolis, MN) for 30 min
prior to chemokine stimulation.

Assessment of Superoxide Anion Generation.
Superoxide anion generation was assessed in experiments
conducted in microtiter plates with 1 x 10° cells/well in a
total volume of 0.1 ml HEPES-buffered HBSS containing
0.2% bovine serum albumin and 0.5 mg ferricytochrome C
with and without 0.65 mM superoxide dismutase. After
treatment with recombinant human chemokines or phorbol
myristate acetate (PMA) and incubation at 35°C in an at-
mosphere of 5% CO,, absorbances were read at 550 nm to
determine superoxide dismutase-inhibitable reduction of
ferricytochrome C (20). Results were presented as nano-
moles superoxide anion generated/10® EOS.

Assessment of EPO Degranulation. Because of
the losses in recoverable product once EPO is secreted,
release of this enzyme is expressed as the difference be-
tween the EPO content of the cell pellets before activation
and the content of the pellets from activated cells using the
following equation: net % secretion = 100 ([EPO; coperor =
[EPO, experimentat)/[EPOI;, where [EPO] represents the EPO
concentration, subscript i is the initial or total EPO present
in cells, subscript f, control is the final EPO levels in un-
stimulated cells, and subscript f, experimental is the final
EPO levels in stimulated cells. After stimulation with che-
mokines and/or ionophore A23187, cells were centrifuged
and supernatants were removed. EPO content in 0.1% Tri-
ton-X-100-solubilized pellets was quantified from the
change in absorption at 490 nm in a microtiter-adapted en-
zymatic-colorimetric assay. Aliquots of sample (50 wl)
were incubated with 50 pl of substrate solution containing
1.8 mM o-phenylenediamine and 0.4 mM H,0, in 0.1 M
phosphate buffer containing 0.1% Triton-X-100 (pH 8.0)
for 30 min at 37°C followed by acidification with 4 M
sulfuric acid (21, 22). Results are shown as the percentage
of total EPO.

Data Handling and Analysis. Experiments were
repeated on at least three to four separate occasions with the
same outcome. Data shown are from a representative ex-
periment and are expressed as mean + SEM One-way analy-
sis of variance (ANOVA) was applied to all experimental
results. When indicated, ANOVA was followed either by
the Dunnett’s multiple comparisons post test or the Tukey-
Kramer multiple comparisons post test to determine statis-
tical significance (P < 0.05) between indicated groups.
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Results

The Eotaxins CCL11, CCL24, and CCL26 Di-
rectly Stimulate Clone 15 EOS to Generate Super-
oxide Anion. Distinctions between “complete” activators
and “incomplete” activators or “primers” have been pro-
posed (23). In these investigations, complete activators are
agents that singly induce superoxide anion production,
whereas incomplete activators require a second agent prior
to the cellular response. To investigate the direct effects of
the chemokines as complete EOS-selective activating
agents, clone 15 EOS were incubated with various con-
centrations of CCL11 or CCL24 (1-30 ng/ml), or CCL26
(3-100 ng/ml) for 2 hr. Results, depicted in Figure 1,
indicate a concentration-dependent generation of superox-
ide anion reaching a maximum of 1.3 nM/10° cells with
CCL11, 1.2 nM/10° cells with CCL24, and 1.1 nM/10° cells
with CCL26. Although CCL11 or CCL24 generated statis-
tically significant amounts of superoxide anion at 10-30
ng/ml, CCL26-induced increases were significant at 100
ng/ml. To demonstrate that chemokine stimulation was re-
sponsible for superoxide anion generation, clone 15 EOS
were stimulated with CCL11 alone or CCL11 pretreated
with anti-eotaxin goat polyclonal IgG. Results, shown in

Table I, indicate very significant inhibition of superoxide
" generation by clone 15 EOS stimulated with antibody-
treated eotaxin.

It has been reported that all three eotaxins bind to the
CCR3 cell surface receptor (9-11). To determine whether
CCL11, CCL24, or CCL26 were stimulating superoxide an-
ion generation through the CCR3 receptor, clone 15 EOS

—CcCcL 11
s CCL 24
% 15 wmmceLze
w
=]
T
3
(=]
2 1.0
S T
E
[
o i

1 3 10 30 100
Chemokine (ng/mi)

Figure 1. The eotaxins CCL11, CCL24, and CCL26 directly stimu-
late clone 15 EQS to generate superoxide anion. Cells were washed,
resuspended in HBSS, and dispensed to 96-well plates (1 x 10°
cells/well) that contained ferricytochrome C both in presence and
absence of superoxide dismutase and indicated concentrations of
CCL11, CCL24, or CCL28. Piates were incubated for 2 hr, and ab-
sorbances were read at 550 nm to determine superoxide dismutase-
inhibitable reduction of ferricytochrome C. Data shown are the mean
x SEM of a representative experiment conducted in triplicate on
three separate occasions. Asterisks indicate values that differed sig-
nificantly from untreated controls (P < 0.05) assessed by ANOVA
followed by Dunnett's multiple comparisons post test.

Table I. Effect of Anti-Eotaxin Treatment on
CCL11-Induced Superoxide Generation

CCL11 CCL11 . .
(ng/mi) alone CCL11 + antieotaxin
0 0.686 £ 0.114 0.472 £ 0.257
1 1.54 + 0.304 0.635 + 0.198
3 2.22 + 0.075 0.576 + 0.260**

10 2.48 + 0.345 0.422 + 0.186**
30 2.54 + 0.199 0.211 £ 0.043*

Note. Celis were washed, resuspended in HEPES-buffered HBSS,
and were dispensed to 96-well plates (1 x 10° cells/well) that con-
tained ferricytochrome C both in presence and absence of superox-
ide dismutase. CCL11 (1-30 ng/ml) or CCL11 preincubated with
anti-eotaxin goat polyclonal IgG (1:250 dilution) was added and the
cells were incubated for 2 hr. Absorbances were read at 550 nm to
determine superoxide dismutase-inhibitable reduction of ferricyto-
chrome C. Table values indicate nanomoles superoxide anion/10®
cells from a representative experiment conducted in triplicate on
three separate occasions. Asterisks indicate values that differed
from cytokine alone treatments (P < 0.01).

were pretreated with human anti-CCR3 IgG at the reported
half-maximal neutralization concentration of 10 p.g/ml prior
to chemokine stimulation. Results, depicted in Figure 2,
indicate that all three eotaxins stimulate superoxide anion
generation through the CCR3 receptor as indicated by sig-
nificant inhibitions in the range of 50%~70% for CCL11
and CCL24 at 3-30 ng/ml and CCL26 at 30 ng/ml. Taken
together, these results suggest that the chemokines CCL11,
CCL24, and CCL26 can act through the CCR3 cell surface
receptor as complete activators and can directly stimulate
clone 15 EOS to generate modest amounts of superoxide
anion.
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Figure 2. Treatment of clone 15 EOS with anti-CCR3 antibody in-
hibits CCL11, CCL24, and CCL26 stimulated superoxide anion gen-
eration. Following pretreatment of washed celis with 10 mg/ml hu-
man anti-CCR3 1gG for 30 min, experiments were carried out as
described in Figure 1. Data shown are the mean + SEM of a repre-
sentative experiment conducted in triplicate on three separate occa-
sions. Background generation of superoxide anion, which averaged
0.396 nM/10° cells, has been subtracted from the data shown.
ANOVA was followed by the Tukey-Kramer multiple comparisons
post test to determine significance between anti-CCR3 antibody pre-
treated versus no antibody pretreatment groups. Asterisks indicate
values that differed significantly between groups at P < 0.05.
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PMA-Stimulated Superoxide Anion Generation
in Clone 15 EOS Is Potentiated by the Eotaxins.
The priming effect of eotaxin (CCL11) on calcium iono-
phore-induced EOS superoxide anion generation has been
reported (5). When PMA was used as the sole stimulating
agent over a range of 3 pM-100 nM, clone 15 EOS routinely
generated 2-20 nM superoxide/10° cells/3 hr (data not
shown). In the present investigations, eotaxin priming ef-
fects were explored. As depicted in Figure 3, clone 15 EOS
stimulated directly with PMA (1 nM) alone generated an
average of 6.53 = 0.325 nM superoxide anion/10° cells.
EOS pretreated with CCL11 (1-30 ng/ml) or CCL24 (3-30
ng/ml) generated significant and concentration-dependent
increases in superoxide anion. CCL26 treatment yielded a
significant increase at 100 ng/ml. To demonstrate whether
the eotaxin family of chemokines could augment superoxide
anion production when present as co-stimuli, clone 15 EOS
were concomitantly treated with the indicated concentra-
tions of CCL11, CCL24, CCL26, and 1 nM PMA. Repre-
sentative results, shown in Figure 4, indicate that co-
stimulation with CCL11 significantly increased superoxide
generation by 32%, and CCL24 by 45% when each was
present at 30 ng/ml. In contrast, co-treatment with CCL26
increased superoxide anion release by 11%. Taken together,
these results suggest that the eotaxins CCL11, CCL24, and
CCL26 may influence clone 15 EOS effector functions as
“priming” agents and may also augment effector functions
when present as co-stimulants.

Effect of Interleukin (IL)-5 Pretreatment on Su-
peroxide Anion Generation Induced by Eotaxins
and PMA. It has recently been shown that CC chemokine
receptors 1 and 3 are differentially regulated by IL-5 during
maturation of clone 15 EOS (24). To explore the effect of
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Figure 3. Pretreatment with CCL11, CCL24, or CCL26 increases
clone 15 EOS superoxide anion generation in response to PMA.
Experiments were carried out as described in Figure 1. Following a
3-hr incubation with the chemokines, cells were stimulated for an
additional 2 hr with 1 nM PMA. Data shown are the mean + SEM of
a representative experiment conducted in triplicate on three separate

occasions. Asterisks indicate values that differed-significantly from.

celis treated with PMA alone as assessed by ANOVA (P < 0.05)
followed by Dunnett's multiple comparisons post test.

18
--®-CCL1
r’) --A-= CCL 24
® 1g{ ~¥-ccL2s *
3 16 I
© . =
e 1 L e
= % ......
[ -
g 141 - .
) * = - *
g & o {
2 - -
g2y = - -
" 7 e
-O. *.// * *
fffff L o
Eio{ —"7 — i
 — %//
! 10 100
Chemokine (ng/ml)

Figure 4. Co-stimulation of clone 15 EOS with the eotaxins and
PMA increased superoxide anion generation. Experiments were car-
ried out as described in Figure 1 with co-stimulation of cells with
indicated concentrations of CCL11, CCL24, or CCL26 each with 1
nM PMA for 2 hr. In the absence of cytokines, cells generated 7.46
+ 0.324 nM superoxide anion/10° cells when stimulated with PMA
alone. Data shown are the mean + SEM of a representative experi-
ment conducted in triplicate on three separate occasions. Asterisks
indicate values that differed significantly from cells treated with PMA
alone as assessed by ANOVA (P < 0.05) followed by Dunnett's
multiple comparisons post test.

IL-5 exposure on superoxide anion generation by CCL11,
CCL24, or CCL26, EOS were treated for 72 hr without or
with IL-5 (20 ng/ml), followed by stimulation with indi-
cated concentrations of the chemokines then PMA. In the
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Flgure 5. The chemokines CCL11, CCL24, or CCL26 potentiate
PMA-stimulated superoxide anion generation by clone 15 EOS pre-
treated with IL-5. Cells were pretreated for 72 hr without or with 20
ng/ml IL-5, and were then washed, resuspended in HBSS, and dis-
pensed to 96-well plates as described in Figure 1. Cells were stimu-
lated with 1, 10, or 100 ng/ml CCL11, CCL24, or CCL26 for 3 hr
followed by 1 nM PMA for an additional 2 hr. In the absence of
chemokines and IL-5, cells generated 9.31 + 0.241 nM superoxide
anion/108 cells in response to PMA stimulation. Cells pretreated with
IL-5 and stimulated with PMA generated 13.6 + 0.492 nM superoxide
anion/108 cells. Data shown are the mean + SEM of a representative
experiment conducted in triplicate on three separate occasions.
ANOVA was followed by the Tukey-Kramer multiple comparisons
post test to determine significance between IL-5 versus no IL-5 pre-
treatment groups. Asterisks indicate values that differed significantly
between groups at P < 0.05.

648 EOTAXIN-INDUCED EOS INFLAMMATORY RESPONSES



absence of chemokines, IL-5 treatment increased PMA-
induced superoxide generation from 9.3 to 13.6 nM/10°
cells as described in Figure 5. At 10 and 100 ng/ml for
CCL11, and 100 ng/ml for CCL24 and CCL26, superoxide
anion generation was significantly augmented, suggesting
that IL-5 and the eotaxin chemokines may act cooperatively
to enhance effector functions of clone 15 EOS.

The Eotaxins CCL11, CCL24, and CCL26 In-
duce EPO Degranulation from EOS. It has recently
been shown that chemokine family members induce EOS-
derived neurotoxin degranulation through the CCR3 che-
mokine receptor (25). To investigate the direct effect of
members of the eotaxin family on EOS degranulation, cells
were incubated for 1 hr with 1-30 ng/ml CCL11 or CCL24
and 3-100 ng/ml CCL26 as the sole stimulating agents. The
percentage of EPO released is depicted in Figure 6. Con-
centration-dependent degranulation was noted for all three
chemokines with ranges of 10%-24% for CCL11, 9%-20%
for CCL24 (1-30 ng/ml), and 8%—21% for CCL26 (3-100
ng/ml). When clone 15 EOS were pretreated with human
- anti-CCR3 IgG, CCL11-, CCL24-, or CCL26-stimulated
degranulation of EPO was inhibited by 56%-80% (data not
shown). Prolonged (18 hr) exposure of eosinophils to eo-
taxins on calcium ionophore-induced degranulation was
then tested. EOS were pretreated with CCL11 or CCL24 (10
ng/ml) or CCL26 (100 ng/ml) for 18 hr and were then
stimulated with 0.3-10 pg/ml calcium ionophore A23187.
Results indicated significant potentiation of jonophore
A23187-induced EPO degranulation by CCL11(1.51-fold
increase), CCL24 (1.35-fold increase), and CCL26 (1.41-
fold increase). These results suggest that the eotaxin family
of chemokines may act through the CCR3 cell surface re-
ceptor as the sole degranulating agent or may augment the
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Figure 6. The eotaxins CCL11, CCL24, and CCL26 directly stimu-
late clone 15 EOS to degranulate EPO. Washed cells were dis-
Pensed to microcentrifuge tubes and were stimulated for 1 hr with the
indicated concentrations of chemokines. Following incubation, cell
were pelleted, washed, and residual EPO was assessed in Triton-
X-lysed pellets. The percentage of EPO released was calculated by
comparing absorbances of stimulated Triton-X-lysed pellets with
those of untreated lysates. Data shown are the mean + SEM of a
representative experiment conducted in triplicate on three separate
occasions.

degranulating effector function of EOS in response to other
secretagogs.

Discussion

These investigations were conducted to explore the ef-
fects of the EOS-selective chemokines CCL11, CCL24, and
CCL26 beyond their reported chemotactic functions. Clone
15 HL-60 human EOS were used as the in vitro model to
circumvent the issue of employing in vivo-primed or -acti-
vated EOS that may be isolated from allergic and/or hy-
pereosinophilic individuals and then studied ex vivo. It has
recently been shown that the cells used in the present in-
vestigations express mRNA for the CCR3 receptor, express
eotaxin binding sites, and exhibit calcium flux and chemo-
tactic responses to the CCR3 ligand (24). CCL11-induced
EOS responses, mediated through the CCR3 receptor, are
blocked by anti-CCR3 (26). Thus, this cell line is a useful
EOS in vitro model. However, results with this cell line may
not be identical to results of experiments carried out with
eosinophils from normal or atopic persons.

Results of the present investigations indicate a concen-
tration-dependent superoxide anion generation of cells
treated directly with CCL11, CCL24, or CCL26 as the sole
stimulating agent (Fig. 1). After eotaxin neutralization with
an anti-eotaxin antibody, superoxide anion generation was
significantly reduced, suggesting the response was due to
chemokine stimulation (Table I). Both eotaxin and eo-
taxin-2 have been shown to induce release of reactive oxy-
gen species, as measured by lucigenin-dependent chemilu-
minescence in isolated, purified human EOS. It was sug-
gested that in the same range of efficacy, both chemokines
play important roles as chemoattractants and, indirectly, as
tissue-damaging agents at sites of inflammation (27, 14).
Results of the present investigations using the chemokines
as the sole EOS stimulating agents corroborate these find-
ings for superoxide anion generation and extend the find-
ings to include the newly discovered chemokine CCL26.
Results also suggest that the chemokine bioactivity is CCR3
mediated (Fig. 2).

CCL11, CCL24, or CCL26 pretreatment or co-
stimulation significantly increased PMA-induced superox-
ide anion generation (Figs. 3 and 4). Potentiation of the
response was most evident following treatments with either
CCL11 or CCL24. As reported for chemotactic activity,
CCL26 was less potent than the other eotaxins (18, 28). In
similar investigations using both the modified anti-CD16
negative selection isolated peripheral blood EOS and the
YY-1 eosinophilic cell line, eotaxin (CCL11) primed cells
for calcium ionophore A23187 evoked reactive oxygen spe-
cies production that was assessed by a lucigenin-dependent
chemiluminescence reaction (5, 29). Results of the present
investigation, which focus specifically on superoxide anion,
extend the effector functions beyond CCL11 and include
CCL24 and CCL26 as clone 15 EOS-priming/potentiating
agents.

There is ex vivo and in vitro evidence to indicate that
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IL-5 and CCL11 may cooperate to selectively and syner-
gistically promote eosinophilia by transendothelial migra-
tion (30), and upregulate CCR3 receptors and CCR3-
mediated chemotaxis and adhesion (31). Marked CCR3 up-
regulation has been shown in the IL-5/butyric acid-treated
clone 15 HL-60 EOS used in these studies (24). IL-5 pre-
treatment followed by eotaxin and PMA stimulations re-
sulted in significant increases of superoxide anion release
(fig. 5). These results suggest that IL-5 and the chemokines
CCL11, CCL24, and CCL26 may act cooperatively to en-
hance effector functions of EOS.

EOS granule proteins, which may be linked to chemo-
kine stimulation, are toxic to respiratory epithelium, and
concentrations of these proteins in the toxic range are pres-
ent in respiratory secretions of asthmatics (1). In studies
with magnetic bead-isolated EOS from peripheral blood of
mildly atopic donors, increased Ca®* influx and degranula-
tion of EDN resulted from stimulation of the CCR3 receptor
by either eotaxin or RANTES (25). Similar exocytosis of
EDN and IL-4 were noted when normal human donor-
derived EOS were stimulated with eotaxin (32, 33). Results
of the present studies using the in vitro clone 15 HL-60 EOS
model where CCL11, CCL.24, and CCL26 could be used as
the sole stimulating agents are in agreement with study re-
sults from EOS studied ex vivo. Each of the chemokines
induced concentration-dependent degranulation of EPO
(Fig. 6) and augmented degranulation induced by the cal-
cium ionophore A23187. These present investigations ex-
tend the degranulating capabilities of chemokines to include
EPO and the CCL24 and CCL26 members of the eotaxin
family.

In conclusion, the present studies have advanced
knowledge of the eotaxin family of chemokines and their
possible roles in the pathogenesis of eosinophilic inflamma-
tion. Roles of the eotaxins CCL11, CCL24, and CCL26
extend beyond selective recruitment and include priming,
activation, and secretion effector functions. Understanding
processes that control selective recruitment, priming, and
activation of EOS may be a fundamentally important pre-
lude to development of novel mechanism-based therapies
that focus on cytokine and/or chemokine downregulation.
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