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IL-8 INHIBITS HISTAMINE RELEASE FROM HUMAN BASOPHILS INDUCED BY
HISTAMINE-RELEASING FACTORS, CONNECTIVE TISSUE ACTIVATING PEPTIDE
III, AND IL-3!
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We have previously purified and partially char-
acterized histamine releasing factors (HRF), which
were derived from a mixture of human mononuclear
cells and platelets. We now report the effect of IL-8
upon HRF-, connective tissue activating peptide III
(CTAP III}-, and IL-3-induced histamine release from
human basophils. We determined that IL-8 itself, at
concentrations between 1077 to 107'* M, does not
release histamine from basophils, although positive
results are observed in two of 26 subjects at 1077 M.
Unfractionated (crude) HRF released histamine in
25 of 26 donors, in the range of 6.7% to 100% of
total basophil histamine stores. When basophils
were preincubated with IL-8 (1077 to 107!! M) for 5
min, followed by a 40-min incubation with HRF,
histamine release was significantly inhibited in 20
of 25 donors. Inhibition was observed at as little as
107 MIL-8, with maximal inhibition being attained
at 10~° M. HRF-containing supernatants contain a
mixture of different histamine-releasing moieties.
To better define which factor(s) may be inhibited by
IL-8, fractionated supernatants, purified CTAP III,
and IL-3 were studied. Histamine release produced
by two different HRF-containing chromatographic
fractions (HRF,uq and HRF ... .} and purified CTAP-
III (5 ug/ml) was inhibited by IL-8 in 10 of 12 donors,
three of three donors, and seven of 10 donors, re-
spectively. IL-3 (5000 U/m})-dependent histamine re-
lease was inhibited by IL-8 in all subjects tested. In
contrast, histamine release by anti-IgE and FMLP
was not affected by IL-8. Thus, IL-8 appears to be
an inhibitor of cytokine-like molecules that induce
histamine release and may represent the previously
described 8-kDa histamine release inhibitory factor
present in mononuclear cell supernatants.

HRF? are a family of molecules that interact with ba-
sophils and/or mast cells to release histamine. They have
been identified as products of mononuclear cells (1, 2), T
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lymphocytes (3, 4), B lymphocytes (3), platelets (5), and
human lung macrophages (6). Our laboratory has previ-
ously reported purification of three forms of HRF from a
mixture of streptokinase/streptodornase-stimulated hu-
man mononuclear cells and platelets, with apparent mo-
lecular masses of 10 to 12, 15 to 17, and 40 to 41 kDa
(7). The first form of HRF (10-12 kDa) can be separated
from the other two forms by anion exchange chromatog-
raphy and corresponds to CTAP III and a proteolytic
derivative of CTAP III that lacks the amino-terminal 15
amino acids (8). This latter moiety stimulates neutrophils
and is called neutrophil-activating peptide 2. Both CTAP
Il and neutrophil-activating peptide 2 cause activation
and proliferation of fibroblasts (9). It has also been re-
ported that IL-3 and, to a lesser degree, granulocyte/
macrophage CSF release histamine from basophils in a
subpopulation of subjects (10, 11).

A specific antagonist of HRF that inhibits histamine
release from basophils has been found in the supernatant
of stimulated mononuclear cell cultures and BAL fluids
(12, 13). This HRIF was shown to be a heat-stable protein
resistant to freezing and thawing, with a molecular mass
in the range of 8 to 10 kDa (12}). IL-8, which is chemotac-
tic for neutrophils and T lymphocytes and causes neutro-
phil activation and secretion, possesses similar physical
and chemical properties (14, 15). IL-8 has also been
reported to induce histamine release from human baso-
phils, but the concentration required was 1000 times
higher than the quantity required for neutrophil activa-
tion (16). We, therefore, reexamined the direct effect of
IL-8 on basophil histamine release, as well as its effect
upon HRF-induced histamine release. Human endothelial
cell-derived rIL-8, at concentrations sufficient to activate
neutrophils, inhibited histamine release induced by HRF,
purified CTAP III, and human rIL-3. Thus, IL-8 may
represent one form of HRIF.

MATERIALS AND METHODS

Materials. Chemicals used in the production of HRF and the
histamine release assay were purchased as previously described (7).
Human endothelial rIL-8, with maximal chemotactic activity on
human neutrophils at 5 ng/ml, was from Pepro Tech Inc. (Rocky
Hill, NJ). Human rIL-3 (specific activity, 107® U/mg) was obtained
from Amgen Biologicals (Thousand Oaks, CA); Percoll from Phar-
macia (Uppsala, Sweden); FMLP from Sigma (St. Louis, MO); Spec-
trapor dialysis tubing from Spectrum Medical Industries (Los Ange-
les, CA); and tissue culture flasks from Corning Glass Works (Corn-
ing, NY). mAb 18-1 was prepared as described (17).

Preparation of HRF-containing supernatants. PBMC were iso-
lated from buffy coats obtained from normal blood bank donors.
Leukopheresis packs of approximately 200 ml were diluted to 360
ml in Dulbecco’s PBS without calcium and magnesium, containing
4 mM EDTA (PBS-EDTA). Thirty milliliters of cellular suspension
were layered over 15 ml of Ficoll-Paque in 50-ml polypropylene
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tubes. The suspension was centrifuged for 35 min at 400 X g. The
interface was collected, washed with PBS-EDTA, and centrifuged at
400 X g for 10 min. After a third wash, the cells were suspended in
5 ml of PBS-EDTA, layered over discontinuous Percoll gradients
(30.0 m! of 7% Percoll layered over 15.0 ml of 30% Percoll), and
centrifuged for 25 min at 150 x g. The cell pellet was collected and
washed three times with PBS. This protocol achieved 99.9% platelet
depletion; the platelet/mononuclear cell ratio varied from 1:10 to
1:20. The cells were resuspended at a concentration of 6 X 108 cells/
m!l in RPMI 1640 with L-glutamine, 0.03% BSA (RIA grade), 100 ug/
ml penicillin, 100 ug/ml streptomycin, and streptokinase/strepto-
dornase at 13 UU/10° cells. The cells were then cultured for 24 h at
37°C with 5% CQ,, in 75-cm? tissue culture flasks. At the end of the
culture period, the conditioned media were pooled. centrifuged at
400 x g for 15 min, and clarified at 38,000 X g for 20 min. The
supernatant was concentrated 50-fold by using YM-3 membranes,
dialyzed (m.w. cut-off, 3,500) against PBS, and stored at —70°C. Cell
viability at the end of the culture was >95%, as determined by trypan
blue exclusion.

Parttal purificatton of HRF. The 10- to 12-kDa (HRF,q4) and 15-
to 17-kDa (HRFp.k2) forms of HRF were partially purified from
supernatant containing HRF by using anion exchange HPLC (qua-
ternary methyl ammonium), as previously described (7).

Purification of CTAP III. CTAP Ill was purified according to the
procedure described by Reddigari et al. (18). Briefly, platelets were
isolated from normal human donors, suspended in PBS containing
1 mM EDTA, 5 mM glucose, and 0.1 mM PMSF, and stimulated with
20 uM calcium ionophore A-23187 at 37°C for 30 min, according to
the method of Coller et al. (19). mAb 18-1 to CTAP Ill was coupled
to tresyl-activated agarose (10 mg of IgG/ml of Affinica gel;
Schleicher and Schuell, Inc.} in 0.2 M NaHCO3, 0.5 M NaCl, pH 8.5,
according to the manufacturer’s recommendations. The gel was
equilibrated with 0.01 M sodium phosphate buffer, pH 7.5, contain-
ing 0.5 M NaCl, 0.1 mM PMSF, 0.1 mM EDTA, and 0.02% azide
(equilibration buffer). Platelet releasate was applied to the column
and washed with the equilibration buffer until the ODagonm of the
wash fractions returned to the baseline. Fractions of 0.5 ml were
then eluted with 3.0 M potassium thiocyanate, and peak protein
fractions were pooled, dialyzed against PBS (pH 7.4) containing 0.1
mM PMSF, and stored at —70°C. Purity of CTAP Ill was >95%, as
determined by SDS-PAGE.

Basophlil histamine release. The procedures for basophil isola-
tion and histamine release have been described in detail (1). Briefly,
the cells were prepared by dextran sedimentation (0.6% dextran,
0.6% glucose, 0.02% EDTA), the basophil-containing layer was
washed twice with HBS containing 0.3% HSA, and the cells were
resuspended in HBS-HSA containing 2 mM CaCl, and 2 mM MgCl,.
Thirty microliters of each sample or control medium were incubated
with 3 X 10° cells, in a total volume of 300 ul of HBS-HSA., for 40
min in a shaking water bath at 37°C. The supernatant were sepa-
rated from the cells by centrifugation at 700 X g for 5 min at 4°C.
The total basophil histamine content was determined by boiling two
of the aliquots. Results are expressed as a percentage of histamine
release. Spontaneous histamine release from the cells was usually
<5% and was subtracted from total before histamine release was
calculated.

Inhibition of histamine release by IL-8. The experiments were
performéd in a shaking water bath at 37°C. After warming the cells
to 37°C, IL-8 was added and cells were preincubated for 5 min.
Leukocytes were then challenged with 30 ul of HRFcrude, HRFyoia,
HRF peax 2. CTAPIL, or IL-3. The percentage of inhibition of histamine
release was calculated according to the formula of Alam et al. (12),
as follows: percent inhibition = (b — @) — (d — ¢) X 100/(b — a). where
a is leukocytes plus buffer preincubation and buffer challenge; b is
leukocytes plus buffer preincubation and HRF, IL-3, or CTAP III
challenge; c is leukocytes plus IL-8 preincubation and buffer chal-
lenge; and d is leukocytes plus IL-8 preincubation and HRF, IL-3, or
CTAP Il challenge.

Histamine assay. The radioenzyme assay for histamine was
performed as described by Beaven et al. (20).

Statistical analysis. Results are presented as mean + SEM, and
the statistical analysis was performed with Wilcoxon’s signed rank
test or Student t-test (paired), by using the computer program
StatWorks (Cricket Software, Philadelphia, PA).

RESULTS

Inhibition of HRF-induced histamine release by IL-
8. We first determined the ability of IL-8 to induce his-
tamine release in our subject population. Twenty-six per-
sons were tested at a dose range of 107'' to 10~ M IL-8.
There was no histamine release in 24 subjects at any of
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the concentrations tested, whereas two subjects re-
sponded to the 1077 M dose and released 11% and 14.6%
histamine. Next, we tested the ability of IL-8 to inhibit
HRF-induced histamine release by preincubating the ba-
sophils with IL-8 at concentrations ranging from 107'' to
1077 M. When 30 ul of a crude HRF were tested, 25 of 26
subjects released histamine and, of those 25, 20 were
inhibited by preincubation with 107° M IL-8 (Fig. 1A).
Five subjects showed no inhibition (Fig. 1B). Combined,
these data indicated an inhibition of 37% (Fig. 1C). An
identical experiment was then performed by using the
HRF .4 fraction from quaternary methyl ammonium an-
ion exchange chromatography. Thirteen subjects were
tested and 12 responded, with a mean of 26% histamine
release. IL-8 at 107° M inhibited release in 10 of these 12
donors; the inhibition ranged from 25% to 92%. The
pooled data (including the two subjects not inhibited) are
shown as HRF .4 in Figure 1. A mean of 57% inhibition
is seen. In a similar experiment with HRFpek2 in 15
subjects, three responded, with an average 33% hista-
mine release, and all were inhibited by IL-8 (Fig. 1). The
percentage of inhibition for HRF ..., was in the same
range as that obtained with HRF 4. as well as HRF 4.
There was no inhibition of anti-IgE- and FMLP-induced
histamine release and, in fact, release due to FMLP was
slightly enhanced.

Effect of IL-8 upon CTAP Ill-induced histamine re-
lease. CTAP III was used at a concentration of 5 pg/ml.
The identity of CTAP Il used by us was established by
amino-terminal sequence analysis (18). Ten of the 18
subjects tested released histamine upon CTAP III stimu-
lation. Of these 10 subjects, seven demonstrated signifi-
cant inhibition when their basophils were preincubated
with 107° M IL-8 (Fig. 2). The inhibition was significant
(Wilcoxon signed rank test) when all 10 subjects were
considered ( p < 0.02) or when only the seven demonstrat-
ing inhibition were examined (p < 0.01).

Effect of IL-8 on IL-3-induced histamine release. In
these experiments, we utilized 5000 U/ml human riL-3,
to which five of the 15 subjects tested responded posi-

s-IgE
ILS + a-IgE

FMLP
1L8 « FMLP

HRF crude
IL8 + HRF crude

HRF crude
IL8 + HRF crude

HRF crude
IL3B + HRF crude

HRF void
IL8 + HRF void

HRF peak 2
IL8 + HRF peak 2

0 10 20 30 4 50 60 70 80 90 100
% HISTAMINE RELEASE

Figure 1. Effect of IL-8 on histamine release produced by various
secretagogues. Basophils were preincubated with or without 10™° M IL-8
for 5 min and then challenged with anti-IgE (1 pg/ml; n = 17), FMLP (10~
M; n = 17}, HRF 4. (300 pg/m); n = 25) (A, all 20 subjects tested with
HRF cruee In whom inhibition was seen; B, five subjects with no evident
inhibition; C, all 25 subjects). HRF 4 (30 pg/ml; n = 12), or HRFpegy 2 (30
ug/ml; n = 3), for 40 min. Data are expressed as mean + SEM. Statistical
significance is shown. *, p < 0.03; **. p < 0.01; ***. p < 0.001 (Student
t-test).
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Figure 2. Effect of IL-8 on histamine release produced by CTAP IIL
Basophils were preincubated with or without IL-8, at a concentration of
107° M, for 5 min and then challenged with CTAP I (5 ug/ml) for 40 min.
The percentage of inhibition for each donor test is shown. Seven of 10
donors gave >15% inhibition. The results are expressed as the mean +
SEM from duplicate determinations.
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Figure 3. Inhibition of IL-3-induced histamine release by IL-8. Baso-
phils were preincubated without or with IL-8, at a concentration of 10™°
M, for 5 min. The cells were then exposed to IL-3 (5000 U/ml) for 40 min.
The results are expressed as the mean + SEM from two separate experi-
ments.

tively. As shown in Figure 3, inhibition ranged from 22%
to 100%. When we combined individual results, IL-8
decreased IL-3-induced histamine release from 25.2 =
3.7% to 9.2 £ 4.9%. The difference is statistically signif-
icant (p < 0.01, Student t-test).

Characteristics of IL-8 inhibition. In a dose-response
experiment, the effect of 107" to 107! M IL.-8 was studied
in four subjects by using HRF .. As shown in Figure
4A, maximal inhibition was observed at 107° M. Interest-
ingly, the inhibition was found to decrease at higher
concentrations. We then determined the effect of IL-8
upon histamine release due to IL-3, CTAP 1II, and various
HRF preparations, as shown in Figure 4B. In each in-
stance, inhibition was evident, and a maximal effect was
observed at 107° M. We also sought synergism between
IL-8 and various agonists, by preincubation of basophils
with 107° M IL-8 for 10 min before addition of HRFcruge,
IL-3, or CTAP-III, in five donors. The results were additive
but not synergistic (data not shown).
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Figure 4. A, Dose-dependent inhibition of histamine release by IL-8.
Basophils were preincubated with or without 107" to 1077 M IL-8. The
cells were then exposed to HRFcnqe for 40 min. Resulis are mean £ SEM
of two experiments in four different subjects. B, basophils were prein-
cubated with or without 107! to 1077 M IL-8. The cells were then exposed
to various forms of HRF, CTAP IiI, or IL-3. Results are mean of two
experiments in three donors for HRF ek 2 and four donors for the other
agonists. The SE bars are omitted so the data could be shown more
clearly.

IL-8 was present in the aforementioned experiments
concomitant with CTAP III, IL-3, or different HRF prep-
arations. We next determined whether removal of IL-8
after preincubation, by extensive washing (three times
at 50 times the pellet volume), affected the response to
various HRF preparations, IL-3, and CTAP III. The results
are shown in Figure 5. Comparisons indicated that per-
centage of inhibition in the presence of IL-8 (unwashed)
and after its removal was similar for all the agonists
tested. Washing did not abrogate the effect of IL-8.

DISCUSSION

Our data suggest that IL-8 has a role in cytokine-
dependent stimulation of histamine release from human
basophils. It does not, however, appear to cause signifi-
cant basophil histamine release directly, although some
release can be demonstrated at very high and, therefore,
unphysiologic (=10~7 M) concentrations (16). It may also
act as an agonist if cells are first primed with IL-3, IL-5,
or granulocyte/macrophage CSF (21, 22). We have dem-
onstrated, however, that preincubation of basophils with
IL-8 causes inhibition of histamine release by human
HRF (either unfractionated concentrate, HRF,uq, or
HRF .k 2) and it also inhibits histamine release due to
purified CTAP HI or rIL-3. There is no inhibition of anti-
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HRF crude HRF void CTAP 11 IL-3

Figure 5. Effect of removal of IL-8 after preincubation on HRF-in-
duced histamine release from basophils, Replicate samples of basophils
were preincubated with or without 10™° M IL-8 for 5 min. The cells were
then either washed extensively or left unwashed and challenged with
agonist. W, percentage of inhibition seen in the presence of IL-8 with no
wash step; 7, inhibition when the pellets were washed before the addition
of agonist. The results are expressed as the mean + SEM of two experi-
ments in four different subjects (HRFcruae, HRFyoa, CTAP 111, and IL-3) or
three different subjects (HRF peax 2).

IgE- or FMLP-dependent histamine release. Thus, IL-8
appears to specifically inhibit histamine release produced
by cytokine-like molecules in most but not all of our
basophil donors. Heterogeneity of basophil response is a
function of the responder rather than the IL-8, and the
variability is well known, e.g., anti-IgE response may vary
from O to 80%, depending on whether the donor is or is
not allergic. Recently, Alam et al. (23) reported that IL-8
inhibited HRF-stimulated histamine release in 17 of 20
donors tested and, similar to our observation, they did
not find inhibition of histamine release due to anti-IgE or
FMLP.

We do not know why IL-8 has specificity as an antag-
onist for cytokine-like stimulation, rather than that due
to anti-IgE or FMLP. Data on IL-8R and signal transduc-
tion are just beginning to be accumulated, and they sug-
gest that intracellular signaling may involve GTP-binding
protein subunits and activation of protein kinase C (24).
The mechanism would presumably differ in some fun-
damental way from that of anti-IgE {Ag) or FMLP. IL-8
need not be in the reaction mixture after the basophils
have been exposed to it, although a fraction may remain
bound to the célis. Regardless, we interpret the data to
suggest a down-regulation of basophil responsiveness,
perhaps via a specific receptor, rather than interaction
with the agonist. Recent evidence of basophil chemotaxis
to IL-8 also suggests the presence of a specific receptor
(25). Some effects of IL-8 are inhibiting ones, such as
reported herein. For example, endothelial cell-derived IL-
8 has been shown to inhibit neutrophil adhesion to IL-1-
activated endothelial cells and protects activated endo-
thelial cell monolayers from neutrophil-mediated damage
(26), while the supernatant harvested from granulocytes
exposed to IL-8 blocks adhesion of the myeloid cell line
HL-60 to endothelial leukocyte adhesion molecule (27).
Thus, although IL-8 is a potent neutrophil stimulant
(chemotaxis and cell secretion), it also has inhibitory
effects upon some inflammatory reactions, and addi-
tional studies will be needed to discern which effects are
important in differing circumstances.

The histamine release experiments we performed did
not utilize D,O to enhance secretion, and they confirm
the previously reported basophil responsiveness to CTAP
III and IL-3, as well as that to HRF (7, 10, 17). However,
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it should be noted that the concentration of IL-3 utilized
herein (5000 U/ml) corresponds to 50 ng/ml and exceeds
the amounts of IL-3 present in our HRF supernatants.
On the other hand, CTAP HI is a plentiful protein, and
the concentrations of CTAP III found in human serum
after platelet activation during blood clotting is 5.0 to
35.0 ug/ml (28). Although CTAP III is related to IL-8 and
the platelet factor 4 family of proteins thought to partic-
ipate in the inflammatory response, it is not chemotactic
for neutrophils and has minimal capacity to inhibit IL-8
binding to neutrophils (29). Thus, IL-8 and CTAP IIl may
utilize different receptors. The antagonistic effect of IL-
8 on HRF- and CTAP Ill-induced histamine release sug-
gests that IL-8 may provide a local control mechanism
for basophil histamine release.

HRF may have an important role in allergic disorders.
HRF-like activity has been found in blister fluids induced
over late phase cutaneous reactions (30); there is evi-
dence that PBMC spontaneously produced HRF in sub-
jects with atopic asthma and that immunotherapy dimin-
ished the allergen-dependent synthesis of HRF {31). HRF
have also been shown to be produced spontaneously upon
culture of PBMC derived from atopic dermatitis patients
who were hypersensitive to certain foods (32). Both HRF
and HRIF have been found in BAL fluid {13). Because IL-
8 is produced by a variety of cells, including monocytes
(15), pulmonary epithelial cells (33), lung macrophages
(34}, and endothelial cells (35), it is possible that the HRIF
present in BAL fluids might be IL-8. Although character-
ized in only a preliminary fashion, the HRIF described
previously was resistant to heating at 56°C and to freez-
ing, had a molecular mass of 8 to 10 kDa, was protease
sensitive, and inhibited histamine release due to HRF but
not to anti-IgE, Con A, PMA, or FMLP (12, 13). HRIF
required a preincubation with the cells for 5 to 10 min
for maximal inhibition, and this inhibitory effect was not
abolished by subsequent washing (12). All these obser-
vations are consistent with the known properties of IL-8
and our observations regarding its modulation of baso-
phil histamine release. We, therefore, suggest that IL-8
is one form of human HRIF.
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