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Virus, bacteria and lipopolysaccharide increase
basophil cell response to histamine releasing
stimulators and calcium

Examination of allergic and normal individuals

P. CLEMENTSEN, K. S. KRISTENSEN & S. NORN

Histamine release from human basophil leukocytes from allergic patients or controls was
induced by specific antigens, anti-IgE or calcium ionophore A23187. Influenza A virus,
S. aureus and lipopolysaccharide from S.typhimurium increased the maximum release of
histamine and caused a shift o the left of the dose-response curves showing increased cell
sensitivity and lowering of the threshold to these stimuli, The mechanism of action was
elucidated by examining the mediator release as a function of increasing extracellular
concentration of calcium. In these experiments the dose-response curves were changed by
the microorganisms and lipopolysaccharide as before. This indicates that the microorgan-
isms and lipopolysaccharide change the basophil cell response to IgE-dependent and
non-immunological stimuli by causing a change in the subcellular handling of calcium.
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CLINICAL ASPECTS

Infections in the respiratory tract are known to precipitate or exacerbate attacks of
bronchial asthma. We find that influenza A virus, S. aurcus and lipopolysaccharides
from S. typhimurium enhance the release of histamine and lower the histamine
releasing threshold to both IgE-dependent and non-i logical hi
ing stimuli. Such effects might play a role in obstructive airway diseases in connec-
tion with airway infections.

releas-

Respiratory tract infections often provoke or
exacerbate attacks of bronchial asthma (1, 12,
25), and it is therefore possible that microorgan-
isms play an important
hyperreactivity.

We have previously shown that virus (3, 6),
bacteria (19, 21, 22) and bacterial products (20,
21) enhance IgE-dependent and non-IgE-de-
pendent histamine release from human basophil
leukocytes. Microorganisms seem therefore to
cause an increased cell reactivity. In the present
study we examined whether cell reactivity, sen-

role in airway

sitivity, and threshold were changed to these
stimuli and, furthermore, to calcium in order to
elucidate the mechanism behind the changed
cell response.

MATERIAL AND METHODS

Twelve healthy individuals aged between 31
and 55 years served as donors. No one had any
previous history of atopy and they received no
medication. Eight patients suffering from bron-
chial asthma, some in connection with hay fe-
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ver, and with a well-documented history of
allergy to either house dust mite, grass pollen or
birch pollen were also included. These patients
had a postive skin prick test and a positive
basophil histamine release to these allergens.

The following allergens and stimulators were
used: house dust mite (Dermatophagoides pteronys-
sinus), grass pollen (Phleum pratense) and birch
pollen (Betula verrucosa), all Soluprick-SQ) SHEP
from ALK, Denmark. Rabbit-antihuman IgE
(e-chain), 400,000 IU/ml was from Behring-
werke AG, Germany. Calcium ionophore
A23187 was purchased from Calbiochem AG,
Switzerland.

Human influenza A A/Caen/1/84
(H3N2) was obtained as previously described
(4). Whole formalin-killed Staphylococcus aureus
Wood 46 (protein A-deficient) was prepared
according to Espersen et al. (8) and as endo-
toxin we used Salmonella typhimurium lipopoly-
saccharide (LPS) preparation of Westphal type
(protein-free) from Difco Laboratories, USA;
both were dialysed against isotonic NaCl. As
Haemophilus influenzae LPS we used a prepara-
tion of the extracellular products (EP) of the
bacterium (5). Besides LPS the EP also con-
tained IgA-1 protease. EP was obtained from a

virus

non-capsulated (non-typeable) Haemophilus influ-
enzae biotype 1I strain isolated from a patient
with chronic bronchitis. If not otherwise stated,
influenza A virus was used in a final concentra-
tion of 0.1 ng viral protein/ml, S. aureus 0.15
mg/ml (wet weight) S. typhimurium LPS 0.1 pg/
ml, and EP in a final dilution of 5%.

Preparation of cell suspension

Blood was drawn by venipuncture, anticoag-
ulated with EDTA in a final concentration of
0.01 M and mixed with the two-fold volume of
0.9% NaCl. Leukocytes with approx. 2% baso-
phils were isolated by the Ficoll-Hypaque gra-
dient method (24). The leukocytes were washed
twice with and suspended in a glucose-free Tris-
AMC containing 25 mM Tris at pH 7.6, 120
mM NaCl, 5 mM KCIl, 0.6 mM CaCl,, 1.1
MgCl,, and 0.3 mg of human serum albumin/
ml (24). In some experiments the TrissAMC

(albumin, magnesium, calcium) was replaced
by Tris-A containing 1 mM EGTA for the first
wash and Tris-AM for the second, and the cells
were then resuspended in TrissAMC with cal-
cium in concentrations varying between 0.006
and 18.0 mM.

Histamine release

Histamine release experiments were performed
by incubation of 40 ul leukocyte suspension for
40 min at 37°C with 5 pl of diluted anti-IgE,
antigen or calciumionophore A23187 and 5 pl
Tris-AMC. The release of histamine was as-
sayed spectrofluorometrically by determination
of the residual histamine in the washed cell
sediment (24). Only release of more than 10 %
of the total histamine content in the sample was
considered significant, since the spontaneous re-
lease of histamine amounted up to 10%. A
change in the cell response to anti-IgE, antigen,
A23187 or extracellular calcium was examined
by replacing the 5 pl TrissAMC by diluted
influenza A virus, S. aureus, LPS or EP.

Statistics

Student’s t-test was used when comparing
samples with and without LPS or EP.

RESULTS

The influence of influenza A virus on histamine
release induced by specific antigens was exam-
ined by incubating cells from patients allergic to
birch pollen, house dust mite or grass pollen
with the respective antigens in increasing con-
centrations. Fig. 1A shows
curve obtained by birch pollen. Inclusion of the
virus caused a shift to the left of the dose-
response curve of one decade, indicating that
virus lowered the threshold to the antigen. This
shift of the dose-response curve also means en-
hanced cell sensitivity to the antigen, which
expressed by the change in EC,, (the concentra-
tion of cell stimulator giving 50 % of the maxi-
mum release) constituted a '/+ decade (Fig. 1A).

a dose-response
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In the absence of virus the maximum release of
histamine was 40 % and by inclusion of influen-
za A virus it was enhanced to 55 %, indicating
that virus caused an enhanced cell reactivity to
the antigen (Fig. 1A). When house dust mite or
grass pollen was used as specific antigen, a
similar pattern was seen when influenza A virus
was included in the experiments (Fig. 1B).

In experiments with cells from normal in-
dividuals IgE-mediated histamine release was
obtained by anti-IgE (Fig. 2). Influenza A virus
caused a shift to the left of the dose-response
curve corresponding to /2 a decade and the
maximum release of histamine was enhanced
from 35 to 43%. The change in cell sensitivity
was a '/« decade. When virus was used in 100-
fold higher or lower concentrations (10 and 107
ng viral protein/ml), only a small or no change
in the dose-reponse curve was seen (data not
shown), indicating that in these concentrations
of virus no change was obtained in cell reac-
tivity, cell sensitivity or threshold to anti-IgE.

A similar pattern was obtained by S. aureus,
i.e. an enhancement of cell sensitivity and low-
ering of the threshold to anti-IgE by approx. '/:
decade and an increase of the maximum release
by 20%. typhimurium LPS caused similar
changes except for the cell sensitivity which was
enhanced by only '/s decade. However, no
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Fig. 1. Histamine release from basophils obtained by stimu-
fating cells from allergic patients with increasing concentra-
tions of specific antigen (closed symbols). The dose-response
curves are moved to the left and the hi

137

change in the dose-response curves was seen
when the bacterium was used in two-fold higher
and lower concentrations (0.3 and 0.075 mg/ml)
(data not shown) or when the LPS was used in
10-fold higher or lower concentrations (1 and
0.01 pg/ml) (Fig.5A).

To examine whether the microorganisms and
LPS caused a similar change in the cell response
to extracellular calcium, cells from patients al-
lergic to grass pollen or house dust mite were
pretreated with EGTA to remove calcium and
then stimulated with calcium in various concen-

release is enhanced in the presence of influenza A virus
(open symbols). Change in cell reactivity (R), cell sensitivity
(8) and the threshold (T) to antigen. BP: birch pollen, GP:
grass pollen (duplicate determinations), HDM: house dust
mite (mean of 5 experiments in duplicate * SEM;
*P<0.01).
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Fig.2. Dosc-response curves obtained by stimulating cells

from normal individuals with anti-IgE (closed symbols) are
moved to the left and the maximum mediator release is
enhanced by inclusion of (open symbols) A: influenza A
virus (n=4), B: S aureus (n=3) and C: LPS from §.
typhimurium (n = 6). Mean of n experiments in duplicate (£
SEM), *P<0.01.
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Fig. 3. Histamine release induced by specific antigens in cell
suspensions from allergic patients is obtained as a function of
increasing concentrations of extracellular calcium. The dose-
response curves (closed symbols) are moved to the left and
the maximum histimine release is enhanced in the presence

of influenza A virus (open symbols). Duplicate

determinations.

trations in the presence of a fixed dilution (10™)
of specific antigen (Fig.3). In the first experi-
ment with grass pollen, influenza A virus
caused a 1 decade shift of the curve to lower
calcium concentrations, indicating a lowering of
the threshold to calcium. The cell reactivity to
calcium was enhanced, since the maximum his-
tamine release, which was obtained at 0.6 mM
calcium, was increased from 40% to 48%. A
similar change in the cell response to calcium
was obtained in the second experiment with
house dust mite (Fig.3).

When cells from normal individuals were ex-
posed to a 10 dilution of anti-IgE, the calcium-
dependent histamine release curve was changed
in a similar way by influenza A virus, S. aureus
and LPS from S. typhimurium and H. infl
(EP) (Fig.4). The changes included increased
cell sensitivity (a shift of '/s to /2 decade) and
reactivity (maximum release enhanced by 20 to
50 %) and a reduced threshold (a shift of '/2 to 1
decade) to calcium. However, no change was
found when §. aureus was used in a 2-fold higher
or lower concentration, influenza A virus in a
100-fold higher or lower concentration, or when
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Fig.4. Histamine release induced by anti-IgE in cells from
normal individuals is obtained as a function of increasing
The dose-response
curves (closed symbols) are moved to the left and the maxi-

concentrations of extracellular calcium

mum histamine release is enhanced (open symbols) by in-
clusion of A: influenza A virus (n = 4), B: 8. aureus (n = 3),
C: EP from H. influenzae (n = 7) and LPS from S. typhimurium
(n=6). Mean of n experiments in duplicate (+ SEM),
*P<0.01.

S. typhimurium LPS (Fig.5B) was used in a 10-
fold higher or lower concentration.

The relationship between the response to a
histamine releasing stimulator and the re-
sponse to extracellular calcium is shown in
Fig.5. As mentioned, S. typhimurium LPS in-
creased cell reactivity and sensitivity and low-
ered the threshold to both anti-IgE and cal-
cium (P<0.01) when wused in a final
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concentration of 0.1 pg/ml, whereas a 10-fold
higher or lower concentration caused no sig-
nificant change either to the stimulator or to
calcium, indicating a relationship between the
response to anti-IgE and calcium.

Fig.6 shows similar experiments in which
non-immunological histamine release was ex-
amined by incubating cells from normal in-
dividuals with the calcium ionophore A23187.
In analogy with IgE-dependent histamine re-
lease lowering of the threshold, enhancement
of cell reactivity and sensitivity to A23187 and
extracellular calcium was obtained by influ-
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Fig.5. Anti-IgE-induced t release in cell

from normal individuals is given as a function of A: in-
creasing concentrations of anti-IgE and B: increasing con-
centrations of extracellular calcium. Under both experimen-
tal conditions the dose-response curves (closed symbols) are
moved to the left and the maximum mediator release is
enhanced in the presence of LPS from S. typhimurium in a
concentration of 0.1 pg/ml (0), but not 0.01 (A) or 1.0 ug/ml
(0). Each point represents mean = SEM of 6 experiments in

duplicate, *P<0.01,

139

enza A virus,
LPS.

In all experiments a synergistic effect was
obtained by influenza A virus, S. aureus, S.
typhimurium LPS and the extracellular products
(EP) from H. influenzac since these agents
caused no histamine release per se.

S. aureus, and S. typhimurium

DISCUSSION

In the present study the influence of microor-
ganisms and endotoxin on histamine release
from human basophil leukocytes was exam-
ined. Influenza A virus, S. aureus, and LPS
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Fig.6. A23187-induced histamine release given as a function
of increasing concentrations of A23187 and increasing con-
centrations of extracellular calcium. The dose-response cur-
ves (closed symbols) are moved to the left and the maximum
histamine release is enhanced (open symbols) in the presence
of influenza A virus, S. aureus, and LPS from S. typhimurium.
Each point represents the mean of 3 or 5 experiments in
duplicate = SEM, P<0.01.
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from S. typhimurium increased the basophil cell
response to specific antigens (house dust mite,
grass pollen and birch pollen), anti-IgE and to
the calcium ionophore A23187. The changes
included increased maximum release of hista-
mine, i.e. enhanced cell reactivity. This poten-
tiation of mediator release confirms earlier
results obtained by influenza A virus, S. aureus
and LPS from S. typ wum and H. infl:

(5, 6, 20, 22). Further, a shift to the left of
the dose-response curves was obtained, show-
ing increased cell sensitivity and lowering of
the threshold to the cell stimuli. An increased
sensitivity to allergen might be more important
in asthma than an increased maximum media-
tor release, since the former and not the maxi-
mum release reflects the severity of the disease
as measured by bronchial provocation with the
relevant allergen (18). Similar changes in cell
reactivity, cell sensitivity and threshold were
obtained to antigen, anti-IgE and the calcium
ionophore. These results show that the micro-
organisms and the LPS change the basophil
cell response to both IgE-dependent and non-

immunological stimuli.

The mechanism of action was elucidated by
examining the cell response to extracellular
calcium. In the presence of a fixed concentra-
tion of antigen, anti-IgE or A23187, increasing
concentrations of calcium caused calcium-de-
pendent histamine release curves. Influenza A
virus, S. aureus and S. typhimurium LPS caused
similar changes in cell reactivity, cell sensi-
tivity and threshold as those mentioned before.
Further, a dose-dependent relationship was
found between the changes to histamine releas-
ing stimulators and to extracellular calcium.
This relationship indicates that calcium might
play a role in the change in cell response. As
mentioned before the microorganisms and LPS
caused similar changes in the cellular response
to specific antigens and anti-IgE (both open
the calcium channels by crosslinking IgE (9,
13, 14) as well as to A23187, which acts as a
calcium carrier, bypassing the calcium chan-
nels (10, 16, 17). Rather than enhancing the
cellular influx of calcium, the microorganisms
and LPS might therefore interfere with the
next steps such as calcium sequestering or

some  calcium-dependent
mediator release.

Influenza A virus appears to act by its neu-
raminidase located on the surface, since the
potentiating effect of the virus is mimicked by
isolated neuraminidase (3) and abolished by
either monoclonal antibodies directed against
the viral neuraminidase or by the neuramini-
inhibitor  2-deoxy-2,3-dehydro-N-acetyl-
neuraminic acid (2). Isolated neuraminidase
enhances basophil histamine release to anti-
IgE, A23187 and to extracellular calcium (15).

It appears that carbohydrate residues in the
microorganisms and LPS are responsible for
the potentiation by interacting with binding
sites on the basophil cell membrane. Firstly,
the neuraminidase portion of influenza A virus
contains carbohydrates such as galactose and
N-acetylglucosamine (7). Endotoxins as S. -
phimurium LPS also contain these sugars (11)
and N-acetylglucosamine is found in the pepti-
doglycan structure of bacteria (23), and pepti-
doglycan isolated from §. aureus shows a poten-
tiating effect (22). Secondly, the potentiation by
influenza A virus, S. aureus and S. typhimurium
LPS is inhibited or abolished by low concen-
trations (107-10" M) of the free sugars, galac-
tose or N-acetylglucosamine (21). It is there-
fore possible that the microorganisms and LPS
enhance the basophil cell response to IgE-de-
pendent and non-immunological stimuli by
such an interaction between microbial sugars
and binding sites on the basophilocytes, lead-
ing to a change in the subcellular handling of
calcium rather than to its cellular influx.

It is tempting to speculate that these effects
of virus, bacteria and endotoxin, which in-
clude enhancement of mediator release and
lowering of the threshold to allergens and
other histamine releasing stimuli, might play a
role in obstructive airway diseases in connec-
tion with airway infections by triggering or
aggravating asthmatic attacks.

step leading to

dase
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