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Abstract

Histamine-releasing factors (HRFs) have been shown to be
released from a variety of human cells, including T lympho-
cytes and alveolar macrophages. Weconsidered the possibility
that known cytokines might possess such activity on human
basophils and/or mast cells and therefore tested preparations
of human recombinant IL 3, IL 4, IL 5, granulocyte colony-
stimulating factor (G-CSF) and granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) upon a panel of basophil
donors. IL 3 and GM-CSFpossessed significant histamine-re-
leasing activity in 8 of 10 and 12 of 14 subjects, respectively. In
each instance, a dose response could be demonstrated. IL 4 and
G-CSFhad no such activity, whereas IL 5 had activity in only 2
of 14 donors tested. Weconclude that IL 3 and GM-CSF
represent two effective HRFs, and suggest that HRF, as iso-
lated based upon histamine-releasing activity, is likely to be
heterogeneous in terms of molecular identity. Whether pre-

viously described HRFs relate specifically to IL 3 or GM-CSF
must await primary sequence analysis of HRFand/or studies
with monospecific antisera.

Introduction

Histamine-releasing factors (HRFs)' active upon basophils
and/or mast cells have been identified as products of alveolar
macrophages (1, 2), T lymphocytes (3, 4), platelets (5), neutro-
phils (6), mononuclear cell mixtures (7-9), and nasal washings
(10). None is as yet purified, although partial characterizations
have been published. It is not known whether these represent
multiple factors possessing a common activity or a single
major gene product that is produced by multiple cell types.
Although it is critical that such factors be directly purified, it is
also important to test known cytokines that might possess such
activity. IL 1 has been reported to cause histamine release from
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1. Abbreviations used in this paper: G-CSF, granulocyte colony-stimu-
lating factor; GM-CSF, granulocyte-macrophage colony-stimulating
factor; HBS-HSA, Hepes-buffered saline containing 3% HSA; hr,
human recombinant; HRF, histamine-releasing factor; HRF-MNC,
human mononuclear cell-derived histamine releasing factor.

basophils in - 30% of subjects (11-13), yet it has been distin-
guished from the mononuclear cell-derived HRF(8). The his-
tamine-releasing activity of tumor necrosis factor is equivocal
(13). IL 2, y-IFN, and B cell growth factor do not cause hista-
mine release. In this manuscript, we have tested human re-
combinant (hr) IL 3, 4, and 5 as well as hr granulocyte colony-
stimulating factor (hr G-CSF) and hr granulocyte-macrophage
colony-stimulating factor (hr GM-CSF). Wereport herein that
IL 3 and GM-CSFare potent HRFs, reactive with most subject
basophils. IL 5 had moderate activity, but only in two of 14
donors. IL 4 and G-CSF are negative in all subjects.

Methods

Preparation of lymphokines. Lymphokine cDNA clones pCD-hGM-
CSF(14), pCD-hIL 3 (Otsuka, T., unpublished data), pCD-hIL 4 (15),
pCD-hIL 5 (16), and pCD-hG-CSF (Arai, K., unpublished data) were
transfected into Cos 7 cells (17) by DEAEdextran procedure. These
culture supernatants were harvested 4 or 8 d after transfection and
were used in most of the experiments to be presented. One unit (see
below) corresponds to 0.25% Cos transfection supernatant. Wealso
purchased small quantities of purified IL 3 and GM-CSFfrom Gen-
zyme Corp. (Boston, MA). Their concentrations are 50 and 100 ng/ml,
respectively, corresponding to 108 CFU/mg for IL 3, and 5 X 107
CFU/mg for GM-CSF. One CFUis defined as the amount of growth
factor that produces a single colony (50 cells) from 7.5 X 104 human
bone marrow cells in soft agar in 14 d.

Selection of donors. Basophils from healthy laboratory volunteers
were used. The donors were not prescreened for their capacity to re-
lease histamine in response to cytokines, but rather were a random
sampling made up of atopic and nonatopic individuals. Atopic sub-
jects had a history of seasonal rhinitis, asthma, or atopic dermatitis and
had positive skin tests to a battery of antigens. Nonatopic subjects had
no history (or family history) of allergy and were skin-test negative to
all antigens tested.

Basophil isolation and histamine release. I ml/ 0.2 MEDTAwas
added to 10 ml blood and 2 ml 3%dextran-3% glucose PBS solution.
The cells were allowed to sediment for 40 min at 370C in 50-ml
polypropylene conical tubes (Falcon Labware, Becton, Dickinson, &
Co., Oxnard, CA). The supernatant was aspirated and the cells washed
twice with Hepes-buffered saline containing 0.3% HSA (HBS-HSA)
followed by centrifugation at 300 g for 10 min. The cell pellets were
resuspended in HBS-HSAmade up in 50% D20, 2 mMCaC12, and 2
mMMgCl2 at 30 X 106 cells/ml. Basophils varied from 0.5 to 2.0% in
such.preparations, as assessed using a Giemsa stain. Cell viability was
2 98%by trypan blue exclusion. 3,000,000 cells were added to 1.5-ml
microfuge tubes containing 170 ,l HBS-HSAin 50% D20 with Ca"+
and Mg"+ and 30 ,d of test sample. The microfuge tubes were incu-
bated for 40 min in a 370C waterbath. Cells were boiled for 10 min to
determine total histamine content in the basophils. The background
spontaneous release was determined by adding 30 Ml of HBS-HSA in
place of the test sample. Tubes were centrifuged at 650 g for 5 min and
the cell-free supernatants were collected. Samples that were not imme-
diately assayed for histamine content were stored at -20'C and as-
sayed within a week.
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Histamine assay. The radioenzyme assay for histamine was per-
formed using a modification of the method of Beaven et al. (18) and
has been previously described in detail (8). Standard curves for each
assay were constructed by linear regression. The assay results were
determined from the standard curve using a computer program, writ-
ten by Dr. Michael Silverberg (State University of New York, Stony
Brook, NY), and run on an Apple lIe computer.

Statistical analysis. Analysis of differences in mean histamine re-
lease in response to the cytokines was performed by using the t test.

Results

The ability of hr IL 3 and hr GM-CSFto release histamine
from human basophils is shown in Fig. 1. The hr IL 3 was
tested in 10 subjects, 8 of whomresponded and 2 of whomhad
no histamine release (< 5%) at any concentration tested. Of
those eight, a dose response from 10% of the assay volume to
0.01% was obtained for each individual tested. Fig. 1 A shows
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the mean and standard error for histamine release at each dose
tested in all eight responders. A clear dose response is obtained
and can be contrasted with Fig. 1 B, in which responsiveness of
all 12 donors was negative to hr IL 4. hr GM-CSFwas tested in
12 donors, 10 of whomresponded significantly (Fig. 1 C). The
mock Cos-conditioned media control gave 1± 1% histamine
release in all experiments. IL 5 was tested in a total of 14
donors, 2 of whomwere positive (data not shown) and 12 of
whomwere negative. hr G-CSF (in contrast to GM-CSF) was
negative in all 14 donors.

Wenext attempted to quantitate the Cos supernatant ma-
terial by comparison with the purified IL 3 (Genzyme) and
GM-CSF. Since 1 unit was defined as 0.25%, Cos supernatant
the range of Fig. 1 would correspond to 0.04 to 40 units.
Because the unit defined by the two sources is similar, this
would correspond to 0.4-400 pg/ml for IL 3 and 8-800 pg/mil
for GM-CSF. A dose response encompassing this range (10-
fold dilutions) was then performed with the purified material
that was tested on basophils of two known responders. The
results were similar to that depicted in Fig. 1 (data not shown),
in that significant release between 10 and 50% was observed
for all but the most dilute sample tested. D20 was routinely
used in this and all subsequent experiments to augment secre-
tion and conserve reagents. However, we performed a dose
response with IL 3 and GM-CSFin the absence of D20. The
background release is decreased from 2-4% to nondetectable,
the peak values with either cytokine are diminished fivefold
and with anti-IgE are diminished by 2-2.5-fold.

Wenext compared responsiveness of atopic and nonatopic
subjects with both hr GM-CSFand hr IL 3, each of which was
tested at 10% assay volume and corresponded to the highest
value shown in Table I. It is clear that the atopic status of the

Table I. Assessment of hr GM-CSFand IL 3 in Atopic
vs. Nonatopic Subjects*

hr Gm-CSF hr IL 3
(10% vol/vol) (10% vol/vol)

% histamine release

Nonatopic subjects
1 2 2
2 10 4
3 7 15
4 7 15
5 41 21
6 48 35
7 13 12
8 21 46

Atopic subjects
1 21 24
2 9 8
3 45 20
4 5 6
5 40 39

* A single experiment indicating the mean percent histamine release
of duplicate samples using basophils derived from atopic or non-
atopic subjects. Atopic subjects have allergic rhinitis and/or asthma
and are clearly skin-test positive. Nonatopic subjects have no per-
sonal or family history of allergy and all were skin-test negative, ex-
cept subject 7, who had two positive tests.
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individual does not predict responsiveness to either GM-CSF
or IL 3, although some subjects in each group were nonre-
sponsive. Higher concentrations were not tested.

Fig. 2 shows the response of a single donor's basophilsto
each of the aforementioned cytokines and to HRFs obtained
from human mononuclear cells (HRF-MNC) and platelets.
The ordinate is given as percent of total assay volume and
corresponds to 10, 1, 0.1, and 0.0 1%, respectively, as in Fig. 1.
An anti-IgE positive control is shown at the top. A dose re-
sponse is seen with both sources of HRF, hr IL 3, and hr
GM-CSF, whereas hr G-CSF, hr IL 4, hr IL 5, and control
media (mock Cos) are negative.

The kinetics of cytokine-induced histamine release were
examined as shown in Fig. 3. In sharp contrast to the rapid
release caused by anti-IgE, the cytokines have a lag time fol-
lowed by a slow rate of histamine release.

In separate experiments, we sought synergism by combin-
ing any of the lymphokines with HRFor by combining active
or inactive lymphokines with each other. The results were
always additive and not synergistic.

Discussion

HRFs derived from activated lymphoid cells were first de-
scribed by Thueson et al. (7), who demonstrated that incuba-
tion of concentrated conditioned media with basophils in-
duced histamine release. This was later shown to be a product
of T lymphocytes (3, 4). Subsequently, other groups have re-
ported HRFfrom alveolar macrophages (1, 2), neutrophils (6),
platelets (5), and nasal washings (410), although the relationship
among these various sources of HRF is unknown. Wehave
previously reported partial purification of one such HRF; its
molecular weight was 30,000 and it had two major charge
species at pH 6.9 and 7.3 (8). Wealso demonstrated noniden-
tity of this factor(s) with IL 2, yIFN, B cell growth factor, and
IL 1. On the other hand, IL 1 has been shown to be capable of
causing histamine release in - 30% of donors (12, 13). It thus
appears likely that histamine-releasing activity is a property of
multiple cytokines.

100-

90-

80-8
HRF-MNC

A IL-3
70- xIL-4

* * GM-CSF Figure 2. Histamine re-
Ck 60- t oMock COS lease determined using

A antIL-5 a single donor in re-
E50 v G-CSF sponse to the entire

I0 + HRF-P panel of substances
40- tested. Anti-IgE served

as a positive control.
af 30- Dose response curves

were induced by hr IL
20- * 3, hr GM-CSF, HRF-

MNC, and platelet-de-
o0- \ \ \rived HRF, whereas hr

G-CSF, hr IL 4, hr IL 5,
-_________________________ and the control super-

10 0.1 0.01 natant (mock Cos) were
Percent Total Assay Volume all negative.

en

0

'I

a)

c
0

Z

a)

U)

0)

a.

IOC

9C
8C

70
6C
5C
4C
3C
2C
10

)- 0

I.

2 r46 o012 14 16 82022 2426 2830 32 3436 3840

Time (minutes)

Figure 3. Kinetics of histamine release. Anti-IgE-induced histamine
release was rapid and complete within 5 min. HRF-MNC-induced
release was half-maximal between 5 and 10 min. Half-maximal re-
lease caused by hr IL 3 and hr GM-CSFwas attained at 10-20 min.
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In this manuscript, we have extended our studies of cyto-
kines to include ILs 3, 4, and 5, G-CSF, and GM-CSF. Our
results indicate that IL 3 and GM-CSFcan each cause hista-
mine release and most subjects' basophils were responsive to
each. There was also no obvious effect of atopic vs. nonatopic
subject status in terms of responsiveness to IL 3 or GM-CSF,
as has been reported for some preparations of HRF (2). Al-
though atopics are, in general, more responsive, our use of
D20 clearly facilitates histamine release to cytokines. The ba-
sophil source used in these studies is a mixture of leukocytes in
which the percentage of basophils is similar to that seen in a
normal differential. Wethus have not ruled out the possibility
that these cytokines (or other sources of HRF) cause histamine
release indirectly by acting on some other cell type.

Like HRF, the rate of histamine release caused by either of
these agents is much slower than that observed with anti-IgE
(Fig. 3, reference 2). Although our preparations of HRFappear
to act somewhat faster than IL 3 or GM-CSF, we do not feel
this can be taken as evidence of nonrelatedness, since the HRF
used is a mixture and we have not studied the relationship of
dose to the rate of histamine release.-

IL 3 and GM-CSFare clearly multipotent cytokines with
effects on many cell types (19, 20). Both of them act at early
stages of white blood cell differentiation. IL 3, in particular,
has been shown to be important for the maturation of a subset
of mast cells in rodents known as mucosal mast cells (21).
Although somewhat controversial, most recent evidence sug-
gests a similar heterogeneity in humans (22, 23). Because his-
tamine is a secretory product of such cells, it is of considerable
interest that IL 3 causes histamine release. Although the stud-
ies herein were confined to basophils, human HRFhas also
been shown to cause secretion from mast cells (24). The capac-
ity of IL 3 to cause histamine release may represent one mech-
anism by which T cell function and manifestation of immedi-
ate hypersensitivity may be linked. IL 4 (B cell-stimulating
factor- 1) also links cellular immunity and immediate-type hy-
persensitivity since it stimulates IgE synthesis (25) and causes
proliferation of connective tissue-type mast cells (26). But IL 4
clearly does not stimulate basophil histamine release. Diseases
such as chronic urticaria are characterized by a perivascular
infiltration of T lymphocytes and monocytes with increased
numbers of dermal mast cells (27, 28) and local histamine
release (29, 30). It is possible that both IL 3 and 4 are responsi-
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ble for some of these manifestations. GM-CSFis a multipo-
tential CSF active on virtually all cell lineages, including ery-
throid precursors and megakaryocytes. It is not known to stim-
ulate mast cells, but probably acts on granulocyte precursors
that will ultimately differentiate into basophils.

The relationship of IL 3 or GM-CSFto the HRFs that have
been described is unknown. Wehope to use monospecific an-
tisera to these cytokines in cross-blocking experiments and
immunoblotting studies of HRF. Wealso will obtain sufficient
primary sequence data of purified HRF-MNCcomponents to
determine whether HRFis related to either cytokine. Regard-
less, this study describes a new function for IL 3 and GM-CSF
and represents the first identified HRFs that are potent and
effective in most subjects tested.
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