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The inducing and enhancing effects of interleukin-3 (IL-3) on basophil
histamine release in patients with respiratory allergy {n = 28) and in normal
subjects (« = 22) were compared. Leukocyte suspensions, prepared by
dextran sedimentation, were stimulated with anti-IgE (1/5000), N-formyl-
methionyl-leucyl-phenylalanine (FMLP, 1 |iM), and IL-3 (0.1-10 ng/ml), and
histamine concentration was measured by an automated fluorometric
method. A trend toward higher histamine release after challenge with anti-
IgE, FMLP, and IL-3 was found in atopic subjects. Preincubation of basophils
with IL-3 resulted in a dose-dependent increase of anti-IgE- and FMLP-
induced histamine release, with a more marked effect in nonatopic than in
atopic subjects. Mean net enhancement of anti-IgE induced histamine
release by 10 ng/ml IL-3 was 2.5±5% in atopic subjects and 29.6±4.2% in
nonatopic subjects (P< 0.001). The enhancement of FMLP-induced
histamine release by IL-3 was 10.3 ±3.9% in atopic patients and 29 ±2.4%
in nonatopic subjects (P<0.01). In atopic subjects, a negative correlation
was found between anti-IgE- or FMLP-induced histamine release and net
enhancement by IL-3 (r= -0.45, P<0.02; r= -0.48, F<0.01, respectively).
The results of this study indicate that in atopic subjects IgE-mediated
histamine release can scarcely be enhanced by a basophil response modifier
such as IL-3. It is conceivable that the frequent basophil stimulation in atopic
patients leads to a reduced sensitivity to the enhancing effect of IL-3.
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Human basophils play an important role in allergic
and inflammatory reactions since they may release
potent inflammatory mediators, such as histamine
and leukotriene C4, on challenge by IgE-dependent
and IgE-independent stimuli (1-5). One of the
major mechanisms of activation of these cells is the
allergen-IgE antibody interaction, which is fol-
lowed by a cascade of biochemical events leading
to mediator release. In addition, mediator release
can be induced by complement anaphylatoxins,
formylmethionine-containing peptides, concanava-
lin A, and calcium ionophores (6-10). Recently, it
has been observed that several histamine-releasing
factors (HRFs), generated by activated lympho-
cytes, monocytes, and neutrophils, may modulate

histamine release (11, 12). Several products of
activated T cells regulate the growth and function
of human basophils (13).

Among cytokines and histamine-releasing fac-
tors, interleukin-3 (IL-3) is a unique molecule, since
it induces basophil growth and differentiation from
precursors in bone marrow and cord blood (14-16),
and modulates their response to various agonists. It
has been demonstrated that IL-3 is a potent
enhancer of histamine release from human baso-
phils stimulated by anti-IgE (17, 18), N-formyl-
methionyl-leucyl-phenylalanine (FMLP) (17), C5a
(17, 19), C3a (20), and platelet-activating factor
(PAF) (21). This cytokine can also change the
profile of mediator release, since basophils exposed
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to IL-3 generate large amounts of leukotriene C4 in
response to C5a, which by itself causes only hista-
mine release and is unable to promote lipid-
mediator formation (19). There is evidence that
IL-3 can induce direct histamine release from
basophils, predominantly of atopic subjects (18, 22,
23). Furthermore, we have found that IL-3 may
directly induce histamine release from the basophils
of normal subjects when the inhibitory effect of
extracellular sodium has been relieved (24). There-
fore, IL-3 is not only a basophil response modifier,
but may also be considered a weak agonist, which
has the capacity to induce histamine release when
basophil releasability is upregulated, as happens in
allergic patients, or when the inhibitory effect of
sodium has been relieved. It has been demonstrated
that basophil releasability is increased in patients
with respiratory allergy (25, 26). The increased
capacity of basophils from allergic patients to
release histamine upon stimulation could depend on
intrinsic cellular properties as well as on the pres-
ence of extrinsic factors (i.e., cytokines, histamine-
releasing factors) enhancing mediator release. Since
IL-3 may be the most important cytokine regulating
histamine release from human basophils, we decided
to compare its inducing and enhancing effects on
histamine release from basophils of patients with
respiratory allergy and normal subjects.

Material and methods
Patients and controls

Twenty-eight adult patients with respiratory allergy
(11 with allergic rhinitis and 17 with allergic bron-
chial asthma) were included in the study. Twelve
patients were men and 16 women, and the mean
age was 28.8 ±1.7 years. Respiratory allergy was
diagnosed by a detailed clinical history, physical
examination, and positive skin prick tests for one
or more inhalant allergens. Four patients were
allergic to grass pollen, live to house-dust mite, one
to Parietaria, and one to birch pollen, and 17 were
sensitized to two or more of the above allergens.
Twenty-two normal donors were used as control:
seven men and 16 women whose mean age was
28.5 ±1.4 years. These subjects were defined as
normal and nonatopic on the basis of clinical
history, physical examination, and negative skin
prick tests. Informed consent was obtained from
each subject before blood collection.

Blood sample collection and preparation of leuko-
cyte suspensions

Peripheral venous blood (50-60 ml) was obtained
by venipuncture of the antecubital vein. Leukocyte
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suspensions were prepared by dextran sedimenta-
tion of peripheral venous blood, anticoagulated
with 0.01 M EDTA (Sigma Chemical, St Louis, MO,
USA) and mixed with 6% dextran in saline solu-
tion (Solplex 70, Sifra, Verona, Italy) and 30 mM
dextrose (Sigma Chemical). The ceils were allowed
to sediment for 60-90 min at room temperature,
according to Lichtenstein & Osier (3). The leuko-
cyte-rich plasma was centrifuged at 300 g for 15
min at 4°C, and the cell button was washed twice
in Tyrode's buffer, pH 7.4, containing (mM): NaCl
140, dextrose 5.5, KCI 2.7, NaH2PO4 0.36, and
NaHCO3 12. The cells were then suspended in
Tyrode's" buffer with 1.8 mM CaClj and 0.5 mM
MgCl2. Basophil concentration in leukocyte sus-
pensions was evaluated by Alcian blue staining (27)
and subsequent counting in a Fuchs-Rosenthal
chamber (Walter Schrenk, Hofheim am Taunus,
Germany). Basophil concentration ranged between
0.5 and 2%; other cells were polymorphonuclear
leukocytes, including eosinophils, lymphocytes,
monocytes, and platelets. When cell viability
was assessed by trypan blue (Merck, Darmstadt,
Germany) exclusion, all leukocyte suspensions
were greater than 95% viable.

Histamine release from leukocyte suspensions

Basophil stimulation was performed in 12 by 75
mm polyethylene tubes (LP Italiana, Milan, Italy).
Briefly, 2-4x10'* basophils, suspended in 0.5 ml
Tyrode's buffer with CaCU and MgCl,, were added
to prewarmed tubes (37°C") containing 0.5 ml of the
same solution with the activating agent. Polyclonal
goat antihuman IgE (e-chain specific) was pur-
chased from Sigma Chemical and was used at the
final dilution of 1/5000, corresponding to a protein
concentration of 10 |xg/ml. FMLP (Sigma Chemi-
cal) was used at the final concentration of 1 |xM,
and recombinant human IL-3 (Amersham, Ayles-
bury, UK) was used at concentrations ranging from
0.1 to 10 ng/ml. After mixing and incubating for
60 min at 37°C, the reaction was stopped by cen-
trifugation at 1000 g for 20 min at 4°C. For assess-
ment of the priming effect of IL-3, leukocyte
suspensions were preincubated for 30 min at 37°C
with IL-3 (0.1, 1, and 10 ng/ml) and then stimulated
with anti-IgE (1/5000) or FMLP (1 jxM) for 30 min
at 37°C. After centrifugation, the supernatants
were aspirated, mixed with an equal volume of 6%
HCIO4, and centrifuged at 2000 g for 15 min at 4°C.
Histamine concentration in the supernatants was
measured by automated fluorometry (28). Sponta-
neous histamine release was evaluated by measur-
ing histamine concentration in the supernatant of
unstimulated cells; total histamine content was
obtained by adding 0.5 ml 6% HCIO4 to 0.5 ml cell
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suspension. Net histamine release (HR) was calcu-
lated as percentage of total histamine content after
subtraction of spontaneous release. Net enhance-
ment of anti-IgE- or EMLP-induced histamine
release by IL-3 was calculated by the following
formula, modified from Hirai et al. (29) and Sugi-
yama et al. (30):

enhancement = % HR induced by stimulus plus IL-3 - %
HR induced by stimulus - % HR induced by IL-3

In this way, the variabihty of enhancement was
minimized.

Every experiment was carried out in duplicate,
and the average difference between replicate deter-
minations was less than 5%. None of the reagents
employed in this study interfered with the fluoro-
metric determination of histamine concentration or
modified cell viability, as assessed by trypan blue
exclusion.

Statistical analysis

The results were expressed as the mean ± SEM. The
two-tailed Student's r-test for paired and unpaired
data and mixed factorial analysis of variance for
repeated measures were used for statistical analy-
sis. The multiple contrasts were performed with
Bonferroni's correction of the significance level.
Correlation was evaluated by linear regression, cal-
culated according to the least-squares method. P
values lower than 0.05 were considered significant.

Results
Spontaneous histamine release and basophil
response to anti-IgE and EMLP

Mean spontaneous histamine release was
1.6±0.1% in control subjects and 3.7 ±0.8% in
allergic patients, with a significant difference
between the two populations (P<0.03). Anti-IgE-
induced histamine release was 22.5±4.6% in non-
atopic subjects and 30.3±4.9% in atopic subjects.
The corresponding values for EMLP-induced his-
tamine release were 36.3 ±3.5% and 41.8 ±3.6%.

Evaluation of the histamine-releasing activity of IL-3

No differences were found between patients with
rhinoconjunctivitis and bronchial asthma, in rela-
tion to the response to IL-3, so that the results of
the two groups were pooled together. IL-3 caused
histamine release above 5% of total histamine
content in five allergic patients out of 28 (18%),
whereas none of the normal subjects showed his-
tamine release above 5% in response to IL-3.
Although there was a trend toward a higher

response to IL-3 in allergic patients, the difference
between allergies and nonallergics was not statisti-
cally significant. The effect of IL-3 was dose-
dependent and more marked at the highest dose
employed (10 ng/ml) (Eig. 1). No significant corre-
lation was found between basophil response to IL-3
and spontaneous, anti-IgE- or FMLP-induced hista-
mine release either in normal or in allergic subjects.

Enhancing effect of IL-3 on histamine release
induced by anti-IgE and EMLP

In the normal subjects, preincubation of basophiis
with IL-3 resulted in significant enhancement of
the histamine release induced by anti-IgE and
EMLP. Histamine release induced by anti-IgE plus
IL-3 10 ng/ml was 52.8±5.4% vs 22.5 ±4.6%
induced by anti-IgE alone (P< 0.0002). Accord-
ingly, preincubation with IL-3 10 ng/ml caused an
increase of basophil histamine release induced by
EMLP from 36.3±3.5% to 66.01 ±3.6%
(P< 0.0001). The enhancing effect of IL-3 was
much lower in the allergic subjects. Histamine
release induced by anti-IgE plus IL-3 10 ng/ml was
38.4±5.5% vs 30.3 ±4.9% induced by anti-IgE
alone (NS); EMLP-induced histamine release was
41.8±3.6% without IL-3 and 57.6±3.3% in the
presence of IL-3 (P< 0.003).

The difference between histamine release
induced by anti-IgE with IL-3 and histamine
release induced by anti-IgE alone was 8.1 ±4.5% in
allergic patients and 30.3 ±4.2% in controls, with a
significant difference between the two populations
(P<0.01). Eurthermore, the difference between
histamine release induced by EMLP plus IL-3 and
histamine release induced by EMLP alone was
15.8±4.1%and29.6±2.5%,respectively(P<0.05).

When net enhancement of histamine release
induced by IL-3 was calculated, it was found that
IL-3 and anti-IgE or EMLP had clearly supraddi-
tive effects on histamine release in normal sub-
jects; conversely, in allergic patients, the effects of
IL-3 and anti-IgE were simply additive and the
effects of IL-3 and EMLP were slightly supraddi-
tive. Eurthermore, in some allergic patients, pre-
incubation with IL-3 10 ng/ml resulted in a lower
histamine release than that obtained by stimulat-
ing basophils with anti-IgE (n = 6) or EMLP alone
(n = 8). As Eig. 2 shows, mean net enhancement
of anti-IgE-induced histamine release by 10 ng/ml
IL-3 was 2.5 ±5% in atopic subjects and
29.6 ±4.2% in nonatopic subjects (P< 0.001). Sim-
ilarly, mean net enhancement of EMLP-induced
histamine release by IL-3 was 10.3 ±3.9% in atopic
subjects and 29 ±2.4% in nonatopic subjects

ig. 3).
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Fig. 1. Histamine release induced by IL-3 (0.1-10 ng/ml) from
basophils of normal subjects (n = 22) (O) and atopic subjects
(« = 28) (•) . Results are expressed as mean + SEM.
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Fig. 2. Enhancing effect of IL-3 (0.1-10 ng/ml) on anti-IgE-
induced histamine release (HR) from basophils of normal
subjects (A/= 22) (O) and atopic subjects (/7 = 28) (•) . Net
enhancement was calculated by subtracting histamine release
induced by single agents (anti-IgE and IL-3) from histamine
release induced by both agents together. Results are expressed
as mean±SEM. **/'<0.01 vs release obtained in normal sub-
jects.
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Fig. 3. Enhancing effect of IL-3 (0.1-10 ng/ml) on FMLP-
induced histamine release from basophils of normal subjects
(/; = 22) (O) and atopic subjects {n = 28) (•) . Results are
expressed as mean percentage ±SEM. **P<0.01 vs release
obtained in normal subjects.

In the allergic patients, the enhancement of anti-
IgE-induced histamine release by IL-3 was nega-
tively correlated with histamine release induced by
anti-IgE alone (r=-0.45, P<0.02). The enhance-
ment of FIVILP-induced histamine release by IL-3
was also negatively correlated with histamine
release induced by FMLP alone (r=-0.48,
/*<0.01). No correlation was found in the normal
subjects between the enhancement of anti-IgE- or
FMLP-induced histamine release by IL-3 and his-
tamine release induced by anti-IgE or FMLP alone.

Relation between the priming effect of IL-3
and the magnitude of basophil response to
anti-IgE and FMLP

To assess whether the enhancing effect of IL-3 on
histamine release is related to the magnitude of
basophil response to anti-IgE and FMLP, we
divided the subjects included in the study into
three groups according to basophil response to
anti-IgE and FMLP (Table 1). Basophils releasing
0-20% of total histamine content were classified
as low responders; basophils releasing 20-50%
were considered intermediate responders, and
when histamine release was above 50%, basophils
were considered high responders. As Fig. 4 shows,
IL-3 exerted a significant enhancing effect on
anti-IgE-induced histamine release in the normal
subjects whatever the basophil response to anti-
IgE, although the effect was more marked in
low and intermediate responders than in high
responders. In contrast, in allergic patients, IL-3
caused a significant enhancement of anti-IgE-
induced histamine release only in low responders
(P<0.05), whereas no enhancement was found in
intermediate and high responders. The picture
was similar when the effect of FMLP-induced
histamine release was analyzed. IL-3 caused a
significant enhancement of FMLP-induced hista-
mine release in the normal subjects, independ-
ently of the extent of basophil response. In the
allergic patients, IL-3 caused a significant

Table 1. Classification of subjects according to magnitude of basophil
response to anti-IgE and FMLP

Anti-IgE
Low responders (<20%)
Intermediate responders (20-50%)
High responders (>50%)
FMLP
Low responders (<20%)
Intermediate responders (20-50%)
High responders (>50%)

Allergic subjects

(n=28)

11(39.3%)
11 (39.3%)
6(21.4%)

3(10.8%)
16(57.1%)
9(32.1%)

Normal subjects

(/7=22)

12(54.5%)
6 (27.3%)
4(18.2%)

4(18.2%)
14(63.6%)
4 (18.2%)
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Fig. 4. Effect of IL-3 (10 ng/ml) on basophil histamine release induced by anti-IgE in low, intermediate, and high responders,
Atopic and nonatopic subjects were divided into three groups according to basophil response to anti-IgE (Table 1), For each
group, we compared histamine release induced by anfi-IgE alone and by anti-IgE plus IL-3, Significant enhancement of anti-lgE-
induced histamine release was found in normal subjects independently of extent of basophil response to anti-IgE; conversely, in
atopic subjects, significant enhancement was found only in low-responding group. Results are expressed as mean ± SEM, *P<0,05
vs release obtained without IL-3; **P<O.Q'[ vs release obtained without IL-3,

enhancement of FMLP-induced histamine release
in low and intermediate responders, but not in the
high responders.

Discussion
The biologic activities of IL-3 are particularly
interesting for understanding the mechanisms of
allergic disease, since it promotes basophil growth
and differentiation, and it can enhance histamine
release from stimulated basophils (17-21). Fur-
thermore, IL-3 can provoke a direct histamine
release from basophils of selected subjects, pre-
dominantly atopic ones (18, 22, 23). To further
elucidate this point, which could be important for
the study of allergic disease, we compared the
inducing and enhancing effects of IL-3 on
basophil histamine release in atopic and nonat-
opic subjects. There was a trend toward a higher
spontaneous and stimulated histamine release in
atopic than in nonatopic subjects. These results
are in line with some previously published data
showing higher basophil releasability in allergic
patients (25, 26). Our failure to find a statistically
significant difference between the two popula-
tions may be related to the number of subjects
included in the study, which was too limited. In
fact, large interindividual variations in basophil
releasabihty have been described both in allergic
and in normal subjects; therefore, a large number

of patients have to be examined before drawing
any definite conclusion.

The most interesting feature which emerged
from our data is that the enhancing effect of IL-3
on stimulated histamine release is reduced in aller-
gic patients. We found that IL-3 is indeed a potent
basophil response modifier in normal subjects,
since it significantly potentiates basophil histamine
release induced by anti-IgE or FMLP. In contrast,
IL-3 has little enhancing effect on the basophils of
atopic subjects, showing a low response to anti-IgE,
whereas no enhancing effect can be observed on
intermediate and high responders. When the
enhancing effect of IL-3 on FMLP-induced hista-
mine release in atopic subjects was examined, it
was found that it could potentiate histamine release
in low and intermediate responders, but not in high
responders.

Various theories can be advanced to explain the
lower enhancing effect of IL-3 on basophils from
allergic subjects. It has been shown that basophils
from patients with chronic urticaria have reduced
releasability, probably because of chronic stimula-
tion (31). It is conceivable that basophils from
atopic patients are exposed to cytokines and hista-
mine-releasing factors more often than basophils
from normal subjects. This could provoke a kind of
"desensitization" to the priming effect of IL-3. The
picture observed when examining the enhancing
effect of IL-3 resembles that observed when eval-

529



Miadonna et al.

uating the effect of sodium on basophil histamine
release. It has been demonstrated that sodium
downregulates histamine release from basophils of
normal subjects; that is to say, sodium removal
from extracellular medium leads to a significant
enhancement of histamine release (24, 32).

Conversely, basophils of allergic patients release
similar amounts of histamine after stimulation by
anti-IgE, either in the presence or in the absence
of extracellular sodium (33). This has been inter-
preted as a defective inhibitory activity of sodium.
The failure to find an enhancement of histamine
release from basophils of allergic patients after
sodium removal from extracellular medium is in
line with the inability of lL-3 to potentiate IgE-
mediated histamine release. Therefore, two condi-
tions which are characterized by an increased
basophil response do not enhance IgE-mediated
histamine release in allergic patients. A possible
explanation of this phenomenon is that basophils
from each individual have a determined releasabil-
ity, and the response to IgE-mediated stimulation
of basophils from ailergic patients is maximal in
relation to the individual capacity: therefore, fur-
ther enhancement of release by IL-3 or sodium
removal can hardly be obtained. This is also in line
with the negative correlation between anti-IgE-
induced histamine release and the enhancement
induced by IL-3. Moreover, in atopic patients, IL-
3 enhanced anti-IgE-induced histamine release
only in low-responding basophils, whereas no
potentiation of histamine release from intermedi-
ate- and high-responding basophils was observed.
Indeed, it seems that basophils from intermediate
and high responders in allergic subjects release the
maximal amount of histamine in relation to the
individual releasability.

Beauvais et al. have demonstrated that the
potentiation of anti-IgE-induced histamine release
by human basophils involves the activation of a
sodium-calcium exchanger (34), since the activity
of IL-3 can be antagonized by the amiloride deriv-
ative benzamil, a specific inhibitor of the sodium-
calcium exchanger. Furthermore, no enhancement
of histamine release by IL-3 can take place when
basophils are suspended in a sodium-free medium,
where sodium-calcium exchanges are markedly
reduced. Another hypothetic explanation of our
data is that the lL-3-sensitive sodium-calcium
exchanger is less efficient in the basophils of aller-
gic patients.

ln conclusion, our findings confirm that IL-3 is
a potent enhancer of basophil histamine release in
normal subjects, but also indicate that this effect is
much weaker in allergic patients, particularly when
basophils are activated by anti-IgE. Although
basophils from allergic patients are more prone to

release histamine after IgE-mediated stimulation,
our data indicate that this release is barely
enhanced by IL-3.
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