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We have shown previously that interleukin 8 (IL-8) induces histamine and
leukotriene release in human basophils exposed to interleukin 3 (IL-3). We now found
that pretreatment with low concentrations of IL-8 selectively inhibits this response.
Inhibition was significant at 0.01 nM IL-8 and virtually complete at 1 nM, which is about
100-fold lower than the concentration required for induction of mediator release. IL-8
dependent responses were also inhibited, albeit to a lesser extent, by preincubation
with neutrophil-activating peptide 2 (NAP-2), but not with connective tissue-activating
peptide Il (CTAP-II) or platelet factor 4 (PF4). Release induced by C5a, fMet-Leu-Phe,
or anti-IgE antibody, by contrast, was not affected. ¢ 1991 acadenic press, Inc.

Human basophils release inflammatory mediators such as histamine and
sulfidoleukotrienes in response to chemotactic receptor agonists like C5a or fMet-Leu-
Phe (1). Similar effects are ascribed to the so-called histamine-releasing factors (HRF)
that are produced by different cells including lymphocytes, monocytes, neutrophils and
platelets (2-4). Because of the potential involvement of basophils in late-phase
reactions (5) and the increasing interest in IgE-independent mediator release, the study
of cell-derived HRF has gained considerable importance (6-9). Several cytokines have
been studied, but no clear evidence for a direct mediator-releasing activity on basophils
was found so far in healthy donors (9-12). We have recently shown that the neutrophil-
activating cytokine, IL-8 (13), induces the release of histamine and leukotrienes from
basophils pretreated with the hematopoietic growth factor IL-3 (14).

Factors derived from blood mononuclear cells, that induce and inhibit histamine
release were recently reported (15). Since IL-8 is a major product of these cells and
has some activity on basophils (14), we studied its ability to inhibit histamine and
leukotriene release. We found that preincubation of basophils with IL-8 strongly inhibits
the release reaction induced by the subsequent treatment with IL-3 and IL-8. Inhibition
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was observed at IL-8 concentrations that were about 100 times lower than those
required for basophil stimulation.

METHODS

Reagents. Dextran and Ficoll Hypaque were obtained from Pharmacia
(Uppsala, Sweden); Hepes from Callbiochem-Behring Corp. {La Jolla, CA, USA);
bovine serum albumin (BSA) from Boehringer Inc. (Mannheim, FRG).

Basophil preparation. The cells were prepared essentially as described
previously (11,12). Freshly-drawn blood from unselected donors was anticoagulated
with 10 mM EDTA and sedimented for 90 min at room temperature after addition of
0.25 volumes of 6 % dextran. After washing in HA buffer (20 mM Hepes, 125 mM NaCl,
5 mM KClI, 0.5 mM glucose, 0.025% BSA, adjusted to pH 7.4), leukocytes were
fractionated by Ficoll Hypaque density centrifugation {400g, 40 min, 20°C). The
basophil-rich MNC layer was harvested, washed three times in HA buffer (400g, 10min,
4°C), and finally suspended in HACM buffer (HA buffer, 1 mM CaClz, 1 mM MgClz) at a
density of 3-6x106 cells/ml. Cell preparations contained 1-8% basophils (mean: 3%) as
determined by differential counting of May-Griinwald-stained cytocentrifuge slides.

Stimuli. Human recombinant IL-8 (16) was obtained from Dr. E. Liehl, Sandoz
Research Institute Vienna, Austria. NAP-2, CTAP-IIl, and PF4 purified from platelet
release supernatants (17) were Kindly supplied by Dr. A. Walz, Theodor-Kocher
Institute, Bern, Switzerland. The sources and use of human C5a, fMet-Leu-Phe, human
recombinant IL-3 and mouse monoclonal anti-IgE antibody (Ab) LE 27 were described
previously (11,12).

Mediator release. The experiments were performed at 37°C in a shaking water
bath. After a warming-up for 10 min, the cells were preincubated with control buffer
(HACM buffer) or different concentrations of IL-8. IL-3 (20 ng/ml) was added after 5 min
and IL-8 (100 nM) 10 min later. The reaction was stopped after 30 min by placing the
cells on ice. After centrifugation (400g, 10 min, 4°C) histamine and leukotriene release
were determined in the supernatant by fluorometry and radicimmunoassy, respectively
(11,12,14).

Presentation of data. Histamine release was expressed in percent of the total
histamine content per sample (determined after cell lysis). Leukotriene generation was
expressed as pg LTC4/D4/E4 per ng total histamine. Percentage inhibition of mediator
release was calculated by the formula: [(b-a) - (d-c)] x 100/(b-a) according to Alam et
al. (15), where a = buffer control, b = IL-3 + IL-8, ¢ = IL-8 preincubation alone, d = IL-8
preincubation followed by stimulation with IL-3 and IL-8.

RESULTS

In agreement with our previous observations (14), histamine release was
induced by IL-8 only when the basophils were pretreated with IL-3. With preparations
from a total of 12 different donors, histamine release was significant after stimulation
with 10 nM IL-8, and reached 10-25 % at the near-maximum effective IL-8
concentration of 100 nM. This level corresponds to about a third of the maximum
release obtained in IL-3 pretreated cells challenged with C5a or anti-IgE Ab (11,12).
These results confirm that IL-8 has HRF properties. Therefore, we investigated whether
the same peptide is also able to inhibit basophil responses, and thus to act as HRIF. As
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Fig.1. Inhibition of histamine (A) and sulfidoleukotriene (B) release from basophils
by IL-8. Cells from four donors were preincubated with IL-8 (0-10 nM) for 5 min and
then exposed to 20 ng/ml IL-3 and, 5 min later, 100 nM IL-8. After 30 min, the tubes
were cooled on ice and centrifuged. In the absence of inhibition, specific histamine
release (minus spontaneous release) was 10-25% and leukotriene release 0-22 pg/
ng histamine. Cells from 2 of 4 donors did not release leukotrienes. Single values
from experiments in triplicate are shown.

shown in Fig. 1, when basophils were pretreated with IL-8, the release of histamine and
leukotrienes induced by sequential stimulation with IL-3 and IL-8 was inhibited. We
have shown previously that leukotriene release does not always parallel the release of
histamine (14), and in the present experiments only two of the four donors examined
exhibited both responses. The inhibitory effect of IL-8 was already apparent at 0.01 nM
and inhibition approached 100% at 1-10 nM. The concentration dependence was
similar for both, histamine and leukotriene release, and the ICsq for IL-8 was

approximately 0.3 nM.

We also assessed the ability of IL-8 to inhibit histamine release induced by other
stimuli. As shown in Fig. 2, preincubation of basophils with 10 nM IL-8, a concentration
that nearly abolishes IL-8 dependent basophil activation, did not influence histamine
release in response to C5a, fMet-Leu-Phe or anti-IgE Ab, either given alone or after
pretreatment with IL-3. In analogy, IL-8 did not affect leukotriene release induced under
the same experimental conditions by the other stimuli (data not shown).

IL-8 is structurally related to the platelet granule constituents, platelet basic
protein, CTAP-IIl, and PF4, and to the neutrophil-activating amino-terminal truncation
product of CTAP-lIl, NAP-2 (17). Therefore, all these peptides were compared with IL-8
as potential inhibitors of IL-8 induced histamine release. The results of a representative
experiment are shown in Fig. 3. NAP-2 exhibited weak, but significant inhibition of IL-8
induced histamine release, while CTAP-IIl and PF4 were completely ineffective.

In view of its selectivity, inhibition by IL-8 could result from receptor
desensitization. We have, therefore, assessed the effects of pretreatment with IL-8 or
C5a on basophil responses induced by maximally effective concentrations of the same
agonists. As shown in Fig. 4, IL-8 and C5a induced histamine and leukotriene release
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Fig. 2. Effect of preincubation with IL-8 on histamine release from
basophils triggered by different stimuli. Cells were preincubated with
(solid bars) or without (open bars) 10 nM IL-8 and then challenged with
10 nM C5a, 2.5 uM fMet-Leu-Phe, 100 ng/ml anti-IgE Ab or 100 nM IL-8.
Where indicated, IL-3 was added 5 min prior to challenge. Experimental
protocol as in Fig. 1. Mean values from 3 experiments with SD values
below 10%.
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Fig. 3. Effect of preincubation with IL-8 and homologues on histamine
release from basophils. The cells were preincubated with the peptides
at 10 nM and then challenged with IL-3 and IL-8 as described in Fig. 1.
Mean values = SD from 3 determinations.

in IL-3 pretreated cells. In confirmation of former observations (12,14), C5a was
considerably more potent than IL-8 (EDsq values: 0.1-0.2 and 20 nM, respectively).

Pretreatment of the cells with IL-8 or C5a resulted in a concentration-dependent
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Fig.4. Inhibition of histamine and sulfidoleukotriene release from basophils by
preincubation with IL-8 or C5a. Solid circles: Preincubation of the cells with
increasing concentrations of IL-8 (A,B) or C5a (C,D) for 5 min, followed by
exposure to 20 ng/ml IL-3 for 5 min, and then challenge with 100 nM IL-8 (A,B)

or 1 nM C5a (C,D). Open triangles: Preincubation of the cells with medium alone
for 5 min, followed by exposure to 20 ng/m! IL-3 for 5 min, and then challenge
with increasing concentrations of IL-8 (A,B) or C5a (C,D). Open circles, panel C:
Cells challenged with increasing concentrations of C5a only. Absence of open
circles in panel A, B and D indicates that no mediator release was observed
without exposure to IL-3. Means of triplicate values from one out of 3 experiments.
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inhibition of the subsequent response to the same agonist. A comparison of the two
sets of curves (A,B, and C,D) shows that IL-8 is inhibitory at concentrations that are
about 100 times lower that those required for the induction of release (0.01-10 nM

versus 1-1000 nM). In analogy to IL-8 (Fig. 2), pretreatment of the cells with C5a did
not affect the release responses induced by unrelated stimuli such as anti-IgE Ab or

fMet-Leu-Phe (data not shown).

DISCUSSION

This study shows that pretreatment with IL-8 selectively attenuates or abolishes
the response of basophils to IL-8 dependent stimulation. A similar, but less potent
inhibition was obtained with the IL-8 homologue, NAP-2, but not with CTAP-Ill or PF4.
A comparable type of selective inhibition of homologous stimulation was also observed
with C5a. With IL-8, however, inhibition was obtained at concentrations that were about
100-fold lower than those inducing release, while C5a showed inhibitory and agonistic
effects in the same concentration range.

The present demonstration that IL-8 can act as inhibitor or inducer of basophil
mediator release may be viewed in the context of reports on the generation of
histamine-releasing and histamine release-inhibiting factors (HRF and HRIF,
respectively) by blood mononuclear cells (2,4,8,9,15,18). Of particular interest is the
HRIF recently described by Alam et al. (15), which shares with IL-8 both the the cell of
origin and the apparent molecular weight of 8-10 kD. In addition, like IL-8, which was
considerably more potent as inhibitor than as inducer of release, HRIF was reported to
act at lower concentrations than the corresponding HRF. A potential role for IL-8 in the
regulation of histamine release is also suggested by a report attributing agonistic
properties to CTAP-lII related peptides (18). CTAP-Ill itself, however, is unlikely to be
active. In our hands, it consistently failed to induce histamine release, in contrast to IL-8
and NAP-2, even at concentrations as high as 1 uM, and upon pretreatment of the cells
with IL-3. In addition, as shown in the present study, CTAP-IIl was ineffective (in
contrast to IL-8 and NAP-2) as inhibitor of IL-8 dependent basophil activation.

The observed inhibition by IL-8 and C5a could result from desensitization, a
phenomenon frequently observed upon repeated stimulation with the same agonist and
known to occur in basophils (19). This presumably applies for C5a which showed
inhibiting and activating effects in the same concentration range. IL-8, by contrast, was
already highly inhibitory at concentrations that were 10 to 100-fold lower than those
required for a release response, which is unusual for homologous desensitization
(19,20). Rather, IL-8 appears to act on basophils like an antagonist with some intrinsic
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agonistic activity. In view of the difference in the potency of the described effects, IL-8
is more likely to act physiologically as inhibitor rather than activator of basophils. Its
activity, however, could be modified by the presence of other cytokines, as shown here
for IL-3, which renders basophils responsive to IL-8 and can thus condition its action as
inducer of release.
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