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Summary.

Immunological release of histamine and lipid mediators is known to occur when
basophils, contained in whole blood human leucocytes, are incubated with anti-IgE
(reversed anaphylaxis). In the present study we show that IgE-dependent stimulation
of basophils was associated with activation of bystander eosinophils and neutrophils.
as assessed by enhanced complement fC3b) and IgG (Fc) rosettes, and increased
cytotoxicity for complement-coated schistosomula of Schisiosoma mansoni. These
changes in eosinophil and neutrophil function were totally inhibited in a dose-
dependent fashion by prior incubation with disodium cromoglycate (DSCG). In all in
vitro systems examined, complete inhibition of enhancement was observed with
concentrations as low as 10"^ moles/1. In contrast, DSCG had no effect on histamine
release, or the percentage of rosettes or cytotoxicity prior to anti-IgE stimulation.
These results suggest that DSCG inhibits activation of inflammatory cells consequent
to an IgE-dependent stimulus.

Introduction

Incubation of whole human leucocytes with anti-IgE is associated with a basophil-
dependent release of histamine [1] and other mediators, including leukotrienes [2]. We
recently showed that stimulation of peripheral blood leucocytes with anti-IgE resulted
m enhanced cytotoxicity for schistosomula of Schistosoma mansoni by bystander
cosinophils and neutrophils contained in these cell suspensions [3]. In a separate series
of experiments we also established that activation of cosinophils and neutrophils by the
synthetic chemoattractant, N-formyl-methionyl-leucyl-phenylalanine {fMLP). was
inhibited by low concentrations of the anti-allergic agent, disodium cromoglycate
(DSCG) [4]. This suggested that DSCG may have direct actions on infiammatory ceils
which are distinct from its ability to stabilise the mast cell.
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In the present study we have examined the effects of DSCG on IgE-dependent
activation of eosinophils and neutrophils. as shown by changes in C (C3b) and IgG
(Fc) rosettes and cytotoxicity. Our findings suggest that products of IgE-dependent
allergic responses activate bystander granulocytes and that DSCG inhibits these
effects. Thus the drug may modify allergic inflammation by its direct effect on
granulocytes.

Materials and methods
Materials were obtained as follows: Iscoves modification of Dulbecco's medium (pH
7'35) with added glutamine and containing 25 mM HEPES and 3024 g/1 sodium
bicarbonate and RPMI 1640 with 25 niM HEPES (Flow Laboratories Ltd.. Irvine,
U.K.); Trizma 7'7. histamine dihydrochloridc. pepsin, trypsin and trypsin inhibitor
(Sigma Ltd.. Poole, U.K.): calcium chloride, magnesium chloride. EDTA and
perchloric acid (BDH Chemicals Ltd.. Poolc. U.K.): analytical grade metrizamide
(Nyegaard A/S. Birmingham. U.K.): 6",, dextran in O9'\, saline (Lomodex 70. Fisons
Pharmaceuticals. Loughborough. U.K.). Rabbit anti-human IgE and normal rabbit
immunoglobulin fraction were obtained from Dako (Mercia-Broacades Ltd.. Wey-
bridgc. U.K.). IgG 1 human tnyeloma protein was a kind gift from Dr D. Stanworth.

Preparation of anli-IgE E(ab' ii
The preparation of anti-human IgE F(ab')2 has been described previously [5] and was
briefly as follows. Rabbit anti-human IgE (anti-IgE) or normal rabbit gammaglobulin
(control Ig) were dialyscd in 01 M sodium acetate and adjusted to pH 4 prior to
digestion with pepsin {0 2 mg/10 mg of IgG) for 18 hr. The supernatant was readjusted
to pH 7-4 and dialysed against PBS and the F(ab'): purified by Sephadex G-lOO
chromatography. The amount of protein in the pooled F(ab'): fraction peak was
adjusted to a concentration of 3 25-3 50 mg/ml and its identity and purity determined
by immunoelectrophoresis against an antiserum to whole rabbit Ig.

Preparation of Schistosomula
A Puerto Rican strain of 5. man.soni was maintained in laboratory-bred Hiomphlaria
glabraia and C57/BL mice as described by Smithers & Terry [6]. Schistosomula were
mechanically prepared in viiro from cercariae according to the method of Ramalho-
Pinto el at. [7] and were used in the assay system within 6 hr of transformation [8].
Schistosotnula were washed (three changes) with Iscoves mediutii while incubating for
3 hr at 37 C in an atmosphere of 5",, CO: and 95",, air. The number of schistosomula
was adjusted to provide a count of 10' larvae/ml.

Preparation of effector cell suspensions
Blood from normal healthy donors, or from individuals with peripheral eosinophilia of
greater than 7",, who were nol receiving medication, was drawn into tubes containing
0-1 ml of 0-1 M EDTA and 0-25 ml of 6% dextran per ml of blood and left to sediment
for 45 60 min at room temperature. Leucocytes were washed twice in Tris + albumin
(Tns-A) containing 4\ 01 M EDTA (Tris-A-EDTA). The cells were finally
resuspended in Tris-ACM containing I mM CaCL and MgCb and aliquots (approxi-
mately 5 X 10̂  molcs/1) of leucocytes were layered on to a discontinuous metrizamide
(MTZ) gradient [9]. This technique yielded 90 100",, pure eosinophils and neutrophils.
Basophils were present only in the interface which contained the mononuclear cells.



Cell activalion and DSCG 15

Total cell counts and percentage of eosinophils present were determined using Kimura
strain [10]. The number of basophils was assessed using both wet counts stained with
Alcian blue [11] and fixed smears in which 2 /d of cells from a counted suspension were
deposited on a slide, air-dried, fixed and stained with toluidinc blue.

Schistosomula killing assay
The details of assay have been described elsewhere [12], but are briefly as follows. The
assay was performed in flat-bottomed microtitre plates (Nunc/Gibco, Paisley, U.K.)
and the total reaction volume was 0-2 ml. This included 50 /J of schistosoinula (fifty
larvae) and 50 /d of autologous fresh serum (as a source of complement C) (final
dilution of 1:4). To this was added lOU /d containing 50 /d of leucocytes plus 50 /d of
either anli-IgF, Ig control or buffer. Schistosomula were also incubated with heat-
inactivated serum (56 C for 60 min) in the presence or absence of cells and stimulant.
C-alone, ceils alone or medium alone. All were adjusted to the same total of 200 /d per
well. The plates were incubated for 40 hr (unless otherwise slated) at 37 C in an
atmosphere of 5",, CO^, 95"^ air and 95",, humidity. The effector cell: target ratio was
2000: I, unless otherwise stated.
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Fig. I. Percentage complement jC3b) roseUes on cosinophil-and neutrophil-rieh cell suspensions containing
basophils in the presence or absence ofa dose range of DSCG. Cells were incubaled with DSCG for 30 min
prior to adding anti-IgE or control Ig at a final dilution of 1:500. Granulocytes were purified on MTZ.
tre:ited with anli-lgE (or control Ig) in (he presence or absence of DSCG. Cells were used at a coiiCL-ntraiion
of 2x lO'vml. The results represem mean + s.e.m. of three experiments.
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Schistosomular death was measured in a visual assay using the criteria of loss of
motility. internal coarse granulation of larvae and the vital exclusion of 0-1",, trypan
blue dye. These visual criteria have been shown to present unequivocal evidence of
larval death when compared to ultrastructural changes [13] and loss of infectivity
following injection in vivo [14].

Neutrophil and eosinophil rosette assays
Aftcrchailengc with anti-IgE (or control Ig). whole leucocyte suspensions containing a
mixture of eosinophils and neutrophils were used in rosette assays for complement
{C3b) and Fc (IgGI) receptors as follows. C3b-coated sensitised sheep erythrocytes
{EAMC3b) were prepared as previously described [15]. Neutrophil and eosinophil Fc
receptor expression was measured using sheep erythrocytes coated with a human IgG 1
myeloma protein [16]. The IgG (Fc) rosette assay was performed according to the
method described previously [17]. At least 200 neutrophils and eosinophils were
counted for both C3b and Fc rosettes.

StimuUilkm of eells with anti-IgE and control Ig
Leucocytes were incubated with varying dilutions of anti-IgE or control Ig for 30 min
at 37 C after which an aliquot was removed from EaC and 1-IgG rosette assays. This
time has been shown to be optimal for the anti-IgE effect [3]. DSCG: Intal (10 mg/ml
DSCG aqueous nebuliser solution; Fisons Ltd., Loughborough. U.K.) was used for
inhibition studies. The leucocytes were first incubated for 30 min at 37 C with various
molar concentrations of DSCG; a dose of 10 ^ M has been shown to give maximum
inhibition [18]. Incubation with anti-IgE or control Ig and the subsequent rosette and
schistosomula killing assays were performed in duplicate as above.
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Fig. 2. Pereentage eosinophil and neutrophil complement (C3b) rosetles foilowing treatment with a dose
range of anli-lgE (« = i). Celts were incubaled for 30 tnin in the presence or absence uf DSCG at a dose of
10 ' moles.'l prior to anti-IgE stimulation. Cells treated with the same dose range of control Ig did not show
any increase in C3b rosette values beyond that of untreated cells. Closed circles ^eosinophils (no DSCG);
open circles = eosinophils ( + DSCG): closed squares - neuirophils (no DSCG): open squares = neutrophils
(-t-DSCG).
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Measurement of histamine
Histamine in supernatants and cell pellets of anti-IgE- or control Ig-treated leucocytes
was extracted in 5",, perchloric acid and measured as amount released (measured in ng)
and percentage release using an automated spectrofluorometric (auto-analyser,
Techmcon) assay [19], in which values were compared with a standard curve of known
amounts of histamine dihydrochloride.

Results

The effect of increasing concentration of DSCG on IgE-dependent increases in
eosinophil and neutrophil complement rosettes is shown in Fig. 1. An optimal
concentration of anti-IgE (1: 500) gave approximately I OO'\, increase in eosinophil and
neutrophil complement rosettes. Prior incubation with DSCG resulted in a dose-
dependent inhibition of enhancement with greater than 90",, inhibition being observed
with a concentration of 10 ^ moles/1. DSCG had no cfTect on the baseline (control Ig)
percentage of eosinophil and neutrophil rosettes shown by unslimulated cells.

The effect of an optimal inhibiting dose of DSCG (10 ^ moles/I) on complement
receptor expression following slimulation of leucocytes with varying concentrations of
anti-IgE are shown in Fig. 2. Increasing concentrations of anti-IgE were associated
with increased neutrophil and eosinophil complement (C3b) rosettes which at all
dilutions were inhibited by prior incubation with DSCG.

A similar experiment was undertaken with IgG (Ec) rosettes (Fig. 3). There was a
similar increase in neutrophil IgG (Fc) rosettes with maximal enhancement occurring
at a 1:250 dilution of anti-IgE. Eosinophil Fc rosettes were also significantly enhanced
( / '<0 05) al 1:250 dose of anti-IgE, albeit at a considerably lesser extent when
compared with the enhancement of neutrophil Fc rosettes. Prior incubation with
DSCG inhibited the enhancement of rosettes on both neutrophils and eosinophils.

The effect of increasing concentrations of DSCG on igE-depcndent enhancement
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Fig. 3. Pereentage eosinophil and neutrophil IgG (Fc) rosettes following treatment with a dose range of anti-
tgE(H-.l). Closed circles = eosinophils (no DSCG); open circles = eosinopliiis (-i-DSCG): closed squares-
^neulrophils (no DSCG); open squares = neuirophils ( + DSCG).
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Fig. 4. Percentage killing of ciimplemt'rU-coaled schistosomula of S. /»f(»i.(()K/hy granulocytes following anti-
IgE treatment of cosinophil- and ncutrophil-rich cell suspensions containing basophils in the presence or
absence of a dose range of DSCG. Cells were incubated with DSCG for 30 min prior to adding anti-IgE or
conlrol Ig at a final dilution of 1:500. Gramiloeytes were purified on MTZ. treated with anti-IgE {or control
Ig) in the presence or absence of DSCG and added to C-coated (1:4) schistosomula at a cell: target ratio of
1 ;4000. The assay was measured at 40 hr. The results represent mean + s.e.m. of three experiments.

of eosinophil- and neutrophil-mediLited complement-dependent cytotoxicity against
schistosomtila of S. mansoni is shown in Fig. 4. Again there was a dose-dcpcndcnt
inhibition of IgE-dependent enhancement in cytotoxicity with both cell types, which
was optimal at 10"' molcs/1 DSCG. In contrast, there were no significant changes in
cytotoxicity observed following control Ig treatment over the whole concentration
range of DSCG. Under similar conditions, eosinophil-mcdiated cytotoxicity was, in
general, significantly (f <ODI) higher than that achieved by neutrophils.

DSCG inhibited the enhancing effect of anti-IgE stimulation and reduced the
values of both rosettes and cytotoxicity observed following IgE-dependent stimulation
to baseline values obtained in control !g-treated cells. Pretreatment of neutrophil- or
eosinophil-rich cell populations with DSCG at the optimal dose of 1 x 10"^ Mdid not
however influence the percentage of histamine released from the basophils found in the
cell suspension following anti-IgE stimulation (Table I). The capacity of normal
eosinophils and neutrophils to respond to a dose range of cxogenously added
histamine dihydrochloride was compared with anti-IgE and control Ig stimulation,
and the results are presented in Table 2. Both C3b rosettes and cytotoxicity of both cell
types were enhanced by anti-IgE, but only eosinophil-rich preparations were activated
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Table I. Pereentage histamine release measured in cosinopliil- and neutrophil-
rich suspensions containing basophils

Histamine ("„ Release)

Eosinophil-rich
suspension

Neulrophil-rich
suspension

Dilutions of anti-IgE No DSCG -I- DSCG No DSCG + DSCG

t :50
1:250
1:500
1:1000
1:2000

56±6
53±5

. 52+10
51 + 12
34 ±3

54 + 2
54 + 3
46 + 2
46 + 3
30 ±1

70 + 3
67 + 2
65 + 2
50 + 5
36 + 6

64±2
62 + 2
60 + 2
57 + 2
45±4

DSCG was used at a single dose of 10 ' moles/l prior to anti-tgE or control Ig
stimulation. Control Ig-mediated histamine release in the presence or absence of
DSCG pretrealment was also measured iti all cell suspensions and did not exceed
10";, at each concentration. The results represent the mean + s.e.m. of three
experiments.

Tabte 2. Percentage ehange in schistosomula killing by. and C3b rosette on. eosinophils and
neutrophils following anli-lgE or control Ig treatment compared with exogenously-added
hislamine dihydrochloride

Anti-IgE

Control Ig

Histamine

Concentration

1
1

1

10
10
10
10

:250
: 500

:500

M

" M

Eosinophils

Cytotoxicity C3b Rosettes

82'0 + 9'0
480 + 8-7

32'0 + 3-0

40-0+ 13 0
74-0+18-0

[20'0+12ri
I4-0± 13-0

91-7+[6'8
76-3 + 23-0

32-5 ±3-0

49-0 + 26'0
50-0+17-0
63-0 ±20-0
85-O±15-O

Neutrophils

Cytotoxicity C3b Rosettes

122-5 + 5-5
115-5±26-O

2O'O±3O

II-O+12'O
19-0+18-0
y'0 + 22-0
2-0 ±13-0

74-5+14-0
72-0-H 18-5

30-0 + 5-5

40-0+18'0
20-0 + 3-0
25-0 + 5-0
19-0 + 5-0

The results represent the mean + s.e.m. of three experiments.

(C3b and cytotoxicity) by histamine in a dose-dependent fashion. Neuirophil C3b
rosettes and cytotoxicity were not influenced by prior treatment with histamine.

Discussion
The present results indicate that DSCG inhibits activ^ition of human leucocytes, in
addilion to its established role in stabilising mast cell membranes. Histamine release
from basophils, however, is unafTected by DSCG [20], and this was confirmed in the
present study (Table 1). Nevertheless, DSCG inhibited the concomitant enhancement
of receptor expression and cylotoxicity by eosinophils or ncutrophils. DSCG,
however, did not suppress or ablate cell function as demonstrated by normal baseline
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Fig. 5. Percentage kill ing ofcomplemenl-coated schistosomula ofS. man.soni by eosinophils and neutrophils
following trealment with anti-IgF (w = 3). Cells were incubaled Tor 30 min in the presence or absence of
DSCG (at a dose of 10 • moles/l) prior lo anti-IgF stimulahon. Cells treated wi lh the same dose range of
control Ig did not show any increase in cytolo.\icity beyond that of untreated eells. Closed circles ^eosino-
phils (no DSCG): open circles = eosinophils (-H DSCG): closed squares = neuirophils (no DSCG): open
squares = neutrophils (-I- DSCG).

values of rosetting and cytotoxicity observed with unstimulated cells following cell
pretreatment with the drug.

Our observation that DSCG may inhibit chemotactic factor-induced cell activation
[4.18] has been further supported by in vivo studies. Treatment of exercise-induced
asthma (EIA) patients with DSCG prior to undergoing an exercise task results in the
inhibition of both ihc increase in their airway obstruction (fall in FF.Vi) and the
observed enhancement in both cytotoxicity [21], as well as C3b receptor expression [22]
by leucocytes from these patients, which occurs in the absence of DSCG treatment.
Aside from its recognized role in stabilizing mast cell membrane, the precise mode of
action of DSCG on cell activation is uncertain [23]. Rhodes [24] reported inhibition of
tysosomai enzyme release from human neutrophils following challenge with zymosan
on aggregated gammaglobulin. Recent siudies on rat Icukaemic basophil cell line have
suggested that DSCG may act by blocking Ca- flux [25]. This may also involve changes
in cyclic adenosine monophosphate (cAMP) levels [18].

In this study we have employed the rosette technique to measure CRE after IgE-
dependent stimulation, in preference to a radio-ligand binding assay using a
monoclonal antibody (El 1) against complemenl receptor 1 (CRI) [26]. Using the latter
technique, we were unable to observe DSCG-mediated inhibition of enhancement of
anti-CRl uptake by activated neutrophils which was demonstrable by parallel rosette
experiments [4]. This discrepancy suggests thai C3b rosetting may not be dependent
exclusively on the number of CRI molecules on human neutrophils following
activation.

The schistosomula cytotoxicity assay was used to measure changes in the
functional properties of human leucocytes following IgE-dependent stimulation. The
observed enhancement in the capacity of human eosinophils and neutrophils to kill C-
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coated schistosomula of S. mansoni in vitro may be related to the direct effects of
basophil-derived mediators released by this reverse-type anaphyiaxis on ihe surface
expression of C3b receptors on treated cells, which is reflected in the increased number
of specific rosettes. Similar effects were previously reported when chemotactie factors
(e.g.. histamine and LTB4) were added exogenously to eosinophils and neutrophils
[27.30].

Analysis of the pharmacological contents of the supernatant from anti-IgE-treated
leueocytes containing basophils has revealed that, in addition to histamine (already
shown here), membrane-derived mediators (leukotrienes. LTB4 and LTC4) were also
generated [31]. While LTC4 showed no enhancing activity on both cell types. LTB4
appeared to enhance neutrophil. and to a lesser extent eosinophil. cytotoxicity;
histamine appeared to preferentially enhanee eosinorhil activation. It is worth noting
that pretreatment of human leucocytes with DSCG did not influence the IgE-tnediated
generation of histamine (Table I) and LTB4 and LTC4 (Moqbel & MacDonald,
unpubl. data). Cell activation (i.e., enhanced cytotoxicity, C3b and Fc receptor
expression) described here may be attributed to histamine and ETB4 (for eosinophils)
and LTB4 (for neutrophils). Of course the possible contributions of other inflamma-
tory mediators cannot be excluded.

The enhancement of IgG (Fc) receptors (Eig. 3) may be directly related to the
increase in cytotoxicity against IgG-coated schistosomula shown to occur following
anti-IgE stimulation of human leucocytes [3]. In addition to IgG receptors, eosinophils
have been recently shown to possess low affinity IgE (Fc) receptors [32]. Whether anti-
IgE stimulation in this system also causes the enhancement of IgE receptors on
eosinophils is unknown and this is presently under investigation.

In conclusion, our results suggest that IgE DSCG down-regulated the chemolactic
factor-induced activation of both eosinophils and neutrophils, possibly by inhibiting
the enhancement of their receptor expression (C3b and IgG (Fe)). thus influencing
their capacity to kill opsonized helminthic targets. This observation, which is
important in terms of the specifie properties of their anti-allergie agent, may also have
in vivo implications in modulating immediate-type hypersensitivity reactions asso-
ciated wiih the patho-physiology of helminthic infections.

This research was supported by The Medical Research Council.
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